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ANTAGONISTS OF THE MUSCARINIC ACETYLCHOLINE RECEPTOR M,y

RELATED APPLICATIONS
{8001} This application claims priority to U.S. Provistonal Application No. 62/625,656, filed

February 2, 2018, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD
{00062] The present disclosure relates to compounds, compositions, and methods for treating

disorders associated with muscarinic acetyicholing receptor dysfunction.

BACKGROUND
{0003} Parkinson’s disease (PD) 15 the second most common neurodegenerative disease with
an increasing prevalence as a function of age. Moreover, early-onset PD 15 also mereasing. A
hallmark of PD 15 the progressive degeneration and loss of dopamnergic neurons in the
substantia migra (SN} and basal ganghia (BG), leading to pronounced motor symptoms inchuding
bradykinesia, tremor, rigidity, gait dysfunction and postural instability. At present, levodopa (L~
DOPA) 1s the standard of care for treating the motor symptoms, but it is not curative, and
prolonged use can engender L-DOPA induced dyskinesia (LID}.
{00064} Prior to L-DOPA, compounds with anticholinergic activity represented the preferred
mode of PD treatment. Cholinergic neurons provide important neuromodulatory control of the
BG motor circuit. While the actions of cholinergic pathways on basal ganglia pathways are
complex, activation of muscarinic acetylcholine receptors (mAChRSs) generally have actions that
oppose dopamine (DA) signaling. For instance, mAChR agonists inhibit DA release, and mhibit
multiple behavioral effects of drugs that increase DA levels and signaling. Interestingly,
muscarinic acetylcholine receptor (mAChR) antagonists were the first avauable treatments for
PD and are still widely used for treatment of this disorder. While many studies of the actions of
mAChR antagonists were carried out before randomized controlled trials were mtroduced, recent
well controlled double-blind cross-over design studies demonstrate significant improvement in
multiple aspects of motor function n patients receiving mAChR antagonists. Unfortunately,
mACHhR antagorusts have a number of dose-limiting adverse effects that severely limit their
chinical utility, including multiple peripheral adverse effects, as well as confusion and severe

cognitive disturbances.
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{0065} Because adverse effects associated with mAChR antagonists himit the doses that can
be tolerated, previous clinical studies may underestimate the efficacy that could be achieved if
doses of mACHR antagonists could be increased to achieve more complete bilockade of specific
mACHhR subtypes responsible for the antiparkinsoman effects of these agents. The mAChRs
mnclude five subtypes, termed M1 — Ms. Available mAChR antagonists, such as scopolamine, are
nonselective across these subtypes, and many of their adverse effects are likely mediated by
mAChR subtypes that are not involved in the antiparkinsonian activity. Thus, compounds
possessing a more selective profile for individual mAChRs may offer an advantage in PD, as
well as related disorders such as dystonia. For example, some studies indicate that the Ma
mACHR subtype may play a dominant role in mAChR regulation of basal ganglia motor

function.

SUMMARY

{0006} In one aspect, disclosed are compounds of formula (I},

_‘ F;S c?%n 3
R'~f : b} R
HN»{}N—{

R4
Q)

or a pharmaceutically acceptable salt thereof, wherein:

A 1s a five- or six-membered heteroarylene having 1, 2 or 3 hetercatoms independently
selected from N, G and §;

misOorl;

nis 1or2;

R! is selected from heteroaryl, aryl, heterocyclyl, and cycloaltkyl;

each R? is independently selected from hydrogen, Ci-Ca alkyl, halo, and ~OR®;

R? is selected from hydrogen and Ci-Cs alkyl;

R* 15 selected from ((CRPR®)p-Y, C1-Cs alkyl, and C1-Cs alkenyl:

R’ is selected from hydrogen, Ci-Cs alkyl, halo, Ci-Cy haloalkyl, C1-Cs alkoxy, and Ci-
Cs haloalkoxy;

Y 1s selected from cycloalkyl, cycloalkenyl, heterocycle, aryl, and heteroarvl;

each R* is independently selected from hydrogen, Ci-Ca alkyl, C5-Cs cycloalkyl, and aryl;

3]
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each R is independently selected from hydrogen and Ci-Ca alkyl;

each R® 15 independently selected from hydrogen, Ci-Cq alkyl, U5-Cs cycloalkyl, and aryl;
and

pis0, 1,2, 3, ord;

wherein each aryl, hetercaryl, heteroarylene, cycloalkyl, cycloalkenyl, and heterocycle is
mdependently unsubstituted or substituted with 1, 2, or 3 substituents.
{0087] In another aspect, the invention provides a pharmaceutical composition comprising a
compound of formula (I}, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.
{0008] In another aspect, the invention provides a method of treating a disorder in a subject,
wherein the subject would benefit from antagonism of mAChR My, comprising administering to
the subject a therapeutically effective amount of a compound of formula (I}, ora
pharmaceutically acceptable salt or composition thereof.
[06069] In another aspect, the invention provides a method for antagonizing mAChR Msina
subject, comprising administering to the subject a therapeutically effective amount of a
compound of formula (I), or a pharmaceutically acceptable salt or composition thereof,
{0610] In another aspect, the invention provides a method for the treatment of a
neurodegenerative disorder, a movement disorder, or a brain disorder comprising administering
to a subject in need thereof a therapeutically effective amount of a compound of formula (I}, or a
pharmaceutically acceptable salt or composition thereof.
{0611] In another aspect, the mvention provides a compound of formula (T}, or a
pharmaceutically acceptable salt or composition thereof, for use 1n the treatment of a
neurodegenerative disorder, a movement disorder, or a bramn disorder.
{0012} In another aspect, the invention provides a compound of formula (1), or a
pharmaceutically acceptable salt or composition thereof, for use in antagonizing mAChR Msina
subject.
{0613] In another aspect, the invention provides the use of a compound of formula (I}, ora
pharmaceutically acceptable salt or compostition thereof, in the manufacture of a medicament for

the treatment of a neurodegenerative disorder, a movement disorder, or a brain disorder.
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{0014] In another aspect, the invention provides the use of a compound of formula (1), or a
pharmaceutically acceptable salt or composition thereof, in the manufacture of a medicament for
antagonizing mAChR Ms in a subject.
{0615] In another aspect, the invention provides a kit comprising a compound of formula (13},
or a pharmaceutically acceptable salt or composition thereof, and instructions for use.
{0016] Also disclosed are pharmaceutical compositions comprising the compounds, methods
of making the compounds, kits comprising the compounds, and methods of using the
compounds, compositions and kits for treatment of disorders, such as neurological and/or
psychiatric disorders, associated with muscarinic acetylcholine receptor dysfunctionina
mammal.

DETAILED DESCRIPTION
[0617] Disclosed herein are compounds that are antagonists of the muscarinic acetylcholine
receptor My (mAChR Ma), methods of making the compounds, pharmaceutical compositions
comprising the compounds, and methods of treating disorders using the compounds and
pharmaceutical compositions. The compounds include substituted 3-azabicyclo[3.1.Ohexan-6-
amine compounds.
I. Definitions
{0018] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. In case of conflict, the
present document, including definitions, will control. Preferred methods and matenals are
described below, although methods and materials similar or equuvalent to those described herein
can be used in practice or testing of the present invention. All publications, patent applications,
patents and other references mentioned herein are incorporated by reference in their entirety. The
materials, methods, and examples disclosed herein are illustrative only and not intended to be
limiting.

29k

{0019} The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms “a,”
“an” and “the” include plural references unless the context clearly dictates otherwise. The

present disclosure also contemplates other embodiments “comprising,” “consisting of” and
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“consisting essentially of,” the embodiments or elements presented herein, whether explicitly set
forth or not.

{0020} The modifier “about” used in connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context (for example, it includes at least the degree of
error associated with the measurement of the particular quantity}. The modifier “about” should
also be considered as disclosing the range defined by the absolute values of the two endpoints.
For example, the expression “from about 2 to about 47 also discloses the range “from 2 t0 4.7
The term “about” may refer to plus or minus 10% of the indicated number. For example, “about
10%” may indicate a range of 9% to 11%, and “about 1” may mean from 0.9-1.1. Other
meanings of “about” may be apparent from the context, such as rounding off, so, for example
“about 17 may also mean from 0.5to 1.4

[0021] Defirutions of specific functional groups and chemical terms are described in more
detail below. For purposes of this disclosure, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics, 75
Ed., nside cover, and specific functional groups are generally defined as described theremn.
Additionally, general principles of organic chenustry, as well as specific functional moieties and
reactivity, are described in Organic Chemistry, Thomas Sorrell, University Science Books,
Sausalito, 1999; Smith and March March's Advanced Organic Chemistry, ™ Edition, John
Wiley & Sons, Inc., New York, 2001, Larock, Comprehensive Organic Transformations, VCH
Publishers, Inc., New York, 1989; Carrathers, Some Modern Methods of Organic Synthesis, 3%
Edition, Cambridge University Press, Cambridge, 1987, the entire contents of each of which are
meorporated herein by reference.

{0022] The term “alkoxy,” as used herein, refers to an alky! group, as defined herein,
appended to the parent molecular motety through an oxygen atom. Representative examples of
alkoxy include, but are not himited to, methoxy, ethoxy, propoxy, Z-propoxy, butoxy and tert-
butoxy.

{0623] The term “alkyl,” as used herein, means a straight or branched, saturated hyvdrocarbon
chain containing from I to 10 carbon atoms. The term “lower alky!” or “C1.Ce-alkyl” means a
straight or branched chain hydrocarbon containing from 1 to 6 carbon atoms. The term “Ci-{s-
alkyl” means a straight or branched chain hydrocarbon containing from 1 to 3 carbon atoms.

Representative examples of alky! include, but are not limited to, methyl, ethyl, n-propyl, iso-
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propyl, n-butyl, sec-butyl, ise-butyl, ferr-butyl, n-pentyi, isopentyl, neopentyl, n-hexyi, 3-
methylhexyl, 2. 2-dimethylpentyl, 2,3-dimethylpentyl, 4 4-dimethylpentan-2-yl, n-heptyl, #-octyi,
n-nonyl, and #-decyl.

{0624] The term “alkenyl,” as used herein, means a straight or branched, hydrocarbon chain
containing at least one carbon-carbon double bond and from 1 to 10 carbon atoms.

{0025] The term “alkoxyalkyl,” as used herein, refers to an alkoxy group, as defined herein,
appended to the parent molecular motety through an alky! group, as defined herein.

{0026] The term “alkoxyfluorcalkyl” as used herein, refers to an altkoxy group, as defined
herein, appended to the parent molecular motety through a fluorcalky! group, as defined herein.
{0027] The term “alkylene,” as used herein, refers to a divalent group derived from a straight
or branched chain hydrocarbon of 1 to 10 carbon atoms, for example, of 2 to 5 carbon atoms.
Representative exarples of alkylene include, but are not limited to, ~-CH:CHo-, -CH2CH2CHa-, -
CHCH(CH:)CHy-, -CH:2CHCH2CHy-, ~-CHCH(CH)YCHCH-, and -CHoCHCHoCH2CHa-.
[0028] The term “alkylanmuno,” as used herein, means at least one alkyl group, as defined
herein, s appended to the parent molecular moiety through an amino group, as defined herein.
{0029] The term “amide,” as used herein, means ~C(O)NR~ or -NRC(O)-, wheremn R may be
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, heterocycle, alkenyl, or heteroalkyl

{0030} The term “ammoalkyl,” as used herein, means at least one amino group, as defined
herein, 15 appended to the parent molecular moiety through an alkylene group, as defined herein.
{6031} The term “amine,” as used herein, means ~NRRy, wherem Rx and Ry may be
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, heterocycle, alkenyl, or hetercalkyl. In the case of
an aminoalkyl group or any other moiety where amino appends together two other moieties,
amino may be ~NRx—, wherein Ry may be hyvdrogen, alkyl, cyeloalkyl, aryl, heteroaryi,
heterocycle, alkenyl, or heteroalkyl.

{6032] The term “aryl,” as used herein, refers to a phenyl group, or a bicyclic fused ring
system. Bicyclic fused ring systems are exemplified by a phenyl group appended to the parent
molecular moiety and fused to a cycloalky! group, as defined herein, a pheny! group, a heteroaryl
group, as defined herein, or a heterocycle, as defined herein. Representative examples of aryl
include, but are not limited to, indolyi, naphthyl, phenyl, benzodioxolyl, and

tetrahydroguinelinyl.
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{0033} The term “cyanoalkyl,” as used herein, means at least one -CN group, is appended to
the parent molecular moiety through an alkylene group, as defined herein.

{0034} The term “cyanofluoroalkyl,” as used herein, means at least one -CN group, s
appended to the parent molecular moiety through a fluoroalkyl group, as defined herein.

{0035] The term “cycloalkoxy,” as used herein, refers to a cycloalkyl group, as defined
herein, appended to the parent molecular moiety through an oxygen atom.

{0036} The term “cycloalkyl,” as used herein, refers to a carbocyclic ring system containing
three to ten carbon atoms, zero heteroatoms and zero double bonds. The cycloalkyl may be
monocyclic, bicyclic, bridged, fused, or spirocyclic. Representative examples of cycloalkyl
mclude, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, adamantyl, and bicyelo[1.1. 1}pentanyl. “Cycloalkyl” also
includes carbocyclic ring systems in which a cycloalkyl group is appended to the parent
molecular moiety and 1s fused to an aryl group as defined herein (e.g., a phenyl group), a
heteroaryl group as defined herein, or a heterocycle as defined herein. Representative examples
of such cycloalkyl groups include, but are not limited to, 2,3-dihydro-1H-indenyl (e.g., 2,3-
dihydro-1H-mden-1-yl and 2,3-dihydro-1H-1nden-2-y1}, 6,7-dihydro-5H-cyclopenta[blpyridinyl
(e.g., 6,7-dihydro-SH-cyclopentalhlpyridin-6-v1), oxaspiro]3.3theptanyl (e.g., 2-
oxaspiro[3 . 3theptan-6-yl), and 5,6,7 8-tetrahvdroquinolinyt (e.g., 5,6,7,848@11‘31’1}/@1’0(]{1‘;1101i0“5*
vi}.

{0637] The term “cycloalkenyl,” as used herein, means a non-aromatic monocychic or
multicyclic ring system contaiming at feast one carbon-carbon double bond and preferably having
from 5-10 carbon atoms per ring. The cycloalkenyl may be monocyclic, bicychic, bridged, fused,
or spirocyclic. Exemplary monocyclic cycloalkeny! rings include cyclopentenyl, cyclohexenyl,
cycloheptenyl, and bicyclo]2.2.1 {heptenyl.

{6038} The term “fluoroalkyl,” as used herein, means an alkyl group, as defined herein, in
which one, two, three, four, five, six, seven or eight hvdrogen atoms are replaced by fluorine.
Representative examples of fluoroalkyl include, but are not limited to, 2-fluoroethyi, 2,2,2-
trifluoroethyl, trifluoromethyl, diflucromethyl, pentafluoroethyl, and triflucropropy! such as
3,3, 3-triftucropropyl.

{0039} The term “fluorcalkoxy,” as used herein, means at least one fluoroalkyl group, as

defined herein, is appended to the parent molecular motiety through an oxygen atom.

~J
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Representative examples of fluorcalkoxy include, but are not limited to, difluoromethoxy,
triftuoromethoxy and 2,2, 2-trifluoroethoxy.

{0040} The term “halogen” or “halo,” as used herein, means CL, Br, I, or F.

{6041} The term “haloalkyl)” as used herein, means an alkyl group, as defined herein, in
which one, two, three, four, five, six, seven or eight hydrogen atoms are replaced by a halogen.
{0042] The term “haloalkoxy,” as used herein, means at least one haloalkyl group, as defined
herein, is appended to the parent molecular moiety through an oxygen atom.

{6043] The term “halocycloalkyl” as used herein, means a cycloalkyl group, as defined
herein, in which one or more hydrogen atoms are replaced by a halogen.

{0044] The term “heteroalkyl,” as used herein, means an alkyl group, as defined herein, in
which one or more of the carbon atoms has been replaced by a hetercatom selected from 8§, O, P
and N. Representative examples of heteroalkyls include, but are not hinuted to, alkyl ethers,
secondary and tertiary alkyl amines, anudes, and alkyl suifides.

[0045] The term “heteroaryl,” as used herein, refers to an aromatic monocyclic ring or an
aromatic bicychic ring system. The aromatic monocyclic rings are five or six membered rings
containing at least one heteroatom independently selected from the group consisting of N, O and
S{eg 1.2 3 or4heteroatoms independently selected from O, 8, and N}. The five membered
aromatic monocyclic rings have two double bonds and the six membered six membered aromatic
monocyclic rings have three double bonds. The bicychic heteroaryl groups are exemplified by a
monocyclic hetercaryl ring appended to the parent molecular motety and fused to a monocyclhic
cycloalkyl group, as defined herein, a monocyclic aryl group, as defined herein, a monocyelic
heteroaryl group, as defined herein, or a monocyclic heterocycle, as defined herem.
Representative examples of heteroaryl mclude, but are not limited to, mdolyl, pyridinyl
(inchading pyridin-2-yl, pynidin-3-vl, pyridin-4-vil}, pyrimidinyl, pyrazinyl, pyridazinyl,
pyrazolyl pyrrolyl, benzopyrazolyl, 1,2, 3-triazolyl, 1,3,4-thiadiazolyl, 1,2 4-thiadiazolyl, 1,3,4-
oxadiazolyl, 1,2 4-oxadiazolyl, imidazolyl, thiazolyl, 1sothiazolyl, thienyl, benzimidazolyl,
benzothiazoly], benzoxazolyl, benzoxadiazolyl, benzothienyl, benzofuranyl, isobenzofuranyl,
furanyi, oxazolvl, isoxazolvl, purinyl, isoindolyl, quinoxalinyl, indazolyl, quunazolinyl, 1,2 4-
triazinyi, 1,3, 5-triazinvl, isoquinolinyl, quinolinyl, 6,7-dihydro-1,3-benzothiazolyl, mudazof1,2-
alpyrichnyl, naphthyridinyl, pyridoimidazolyl, thiazolo]5,4-41pyridin-2-yl, thiazolo|5,4-

dipyrimdin-2-yl.
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{0046} The term “heterocycle” or “heterocyclic,” as used herein, means a monocyclic
heterocycle, a bicyclic heterocycle, or a tricyclic heterocycle. The monocyclic heterocycle isa
three-, four-, five-, six-, seven-, or eight-membered ring contaiming at least one hetercatom
mdependently selected from the group consisting of O, N, and S. The three- or four-membered
ring contains zero or one double bond, and one heteroatom selected from the group consisting of
O, N, and 8. The five-membered ring contains zero or one double bond and one, two or three
heteroatoms selected from the group consisting of O, N and 8. The six-membered ring contains
zero, one or two double bonds and one, two, or three heteroatoms selected from the group
consisting of O, N, and S. The seven- and eight-membered rings contains zero, one, two, or three
double bonds and one, two, or three hetercatoms selected from the group consisting of O, N, and
S. Representative examples of monocyclic heterocycles include, but are not limited to,
azetidinyl, azepanyl, azindinyl, diazepanvl, 1,3-dioxanyl, 1,3-dioxolanyl, 1 3-dithiolanyl, 1,3-
dithianyl, imidazoliny!, imidazohidinyl, isothiazolinyl, 1sothiazolidinyl, 1soxazolinyl,
isoxazolidinyl, morpholinyl, 2~oxo-3-pipendinyl, 2-oxoazepan-3-yl, oxadiazohnyl,
oxadiazolidinyl, oxazolinyl, oxazolidinyl, oxetanyl, oxepanyl, oxocanyl, piperazinyl, piperidinyl,
pyranyl, pyrazolinyl, pyrazohidinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl,
tetrahydropyranyl, tetrahvdropyndinyl, tetrahydrothienyi, thiadiazolinyl, thiadiazolidinyl, 1,2-
thiazinanyl, 1 3-thiazinanyl, thiazolinyl, thiazolidinvl, thiomorpholinyl, 1,1-
dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, and trithianyl The bieyclhic
heterocycle 15 a monocyclic heterocycle fused to a phenyl group, or a monocyclic heterocycle
fused to a monocyclic cycloalkyl, or a monocyche heterocycle fused to a monocychic
cycloalkenyl, or a monocychce heterocyele fused to a monocyclic heterocycle, or a spiro
heterocycle group, or a bridged monocyclic heterocyele ring system 1n which two non-adjacent
atoms of the ring are linked by an alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenyiene
bridge of two, three, or four carbon atoms. Representative examples of bicyclic heterocycles
mclude, but are not limited to, benzopyranyl, benzothiopyranyl, chromanyi, 2,3-
dihydrobenzofuranyl, 2,3-dihyvdrobenzothienyl, 2,3-dihvdroisoquinoline, 2Z-azaspiro|3.3theptan-
2-yl, 2-oxa-6-azaspiro{3. 3 theptan-6-vl, azabicyclo{2.2 1 Theptyl (including 2-

azabicyclof2.2. 1 hept-2-y1), oxabicyclof2.2.1 theptanyl (including 7-oxabicyclof2.2. 1 theptan-3-
vi}, azabicyclo{3.1.0lhexanyl (including 3-azabicyclo]3.1.0thexan-3-yi}, 2,3-dihydro-1H-indolyl,

isoindohinyl, octahvdrocyclopentalclpyrrolyl, octahydropyrrolopyridinyl, and

S



WO 2019/152809 PCT/US2019/016300

tetrahydroisoguinohinyl. Tricyclic heterocycles are exemplified by a bicyclic heterocycle fused to
a phenyl group, or a bicychic heterocycle fused to a monocyelic cycloalkyl, or a bicychic
heterocycle fused to a monocyclic cycloalkenvl, or a bicyclic heterocycle fused to a monocyclic
heterocycle, or a bicyclic heterocycle in which two non-adjacent atoms of the bicyclic ring are
linked by an alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene bridge of two, three,
or four carbon atoms. Examples of tricyclic heterocycles include, but are not limited to,
octahydro-2, S-epoxypentalene, hexahydro-2H-2 5-methanocyclopenta[bfuran, hexahydro-1H-
1,4-methanocyclopentafc]furan, aza-adamantane (1-azatricyclo[3.3.1.13,7]decane), and oxa-
adamantane {Z-oxatricyclof[3.3.1.13,7]decane}. The monocychic, bicyclic, and tricyclic
heterocycles are connected to the parent molecular motety through any carbon atom or any
nitrogen atom contained within the rings, and can be unsubstituted or substituted.

{8047} The term “hydroxyl” or “hydroxy,” as used herein, means an -OH group.

[0048] The term “hydroxyalkyl,” as used herein, means at least one -OH group, is appended
to the parent molecular moiety through an alkylene group, as defined herein.

{0049] The term “hydroxyfluoroalkyl,” as used herein, means at least one -OH group, is
appended to the parent molecular moiety through a fluoroalkyl group, as defined herem.

{8030} In some mstances, the number of carbon atoms n a hydrocarbyi substituent (e g.,
alkyl or cycloalkyl) 1s indicated by the prefix “Cx-Cy-”, wherein x 1s the minimum and vy is the
maximum number of carbon atoms n the substituent. Thus, for example, “C1-Cs-alkyl” refers to
an alkyl substituent containing from 1 to 3 carbon atoms.

{0051} The term “sulfonamide,” as used herein, means -S{O)NR% or -NRIS(0}-, wherein R?
may be hydrogen, alkyl, cycloalkyl, arvl, hetercaryl, heterocycle, alkenyl, or heteroalkyl.

{8032] The term “substituents” refers to a group “substituted” on an aryl, heteroaryi, phenyl
or pyridinyl group at any atom of that group. Any atom can be substituted.

{0653] The term “substituted” refers to a group that may be further substituted with one or
more non-hydrogen substituent groups. Substituent groups include, but are not limited to,
halogen, =0 (oxo}, =8 (thioxo}, cvane, nitro, fluoroalkyl, atkoxyfluorcalkyl, fluorcalkoxy, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkoxy, hetercalkyl, cycloalkyl, cycloalkenyl aryl, heteroaryl,
heterocycle, cycloalkylalkyl, heteroarvialkyl, arvlalkyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl alkylene, aryloxy, phenoxy, benzyloxy, amino, alkylamine, acylamino, aminoalkyl,

arylamino, sulfonylamino, sulfinylamino, sulfonyl, alkylsulfonyl, arvisuifonyl, aminosulfonyl,

— 10—
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sulfinyl, -COOH, ketone, amide, carbamate, and acyl. For example, if a group is described as
being “optionally substituted” (such as an alkvl, alkenyl, alkynyi, aryl, heteroaryl, cyeloalkyl,
heteroalkyl, heterocycle or other group such as an R group), it may have 0,1, 2,3, 40r 5
substituents independently selected from halogen, =0 {oxo), =8 (thioxo), cyano, nitro,
fluorcalkyl, alkoxyfluoroalkyl, fluorcalkoxy, alkyl, alkenyl, alkynyl, haloalkyl, haloalkoxy,
heteroalkyl, cycloalkyl, cycloalkenyl, aryl, heteroarvl, heterocycle, cycloalkylalkyl,
heteroarylalkyl, arviatkyl, hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, alkylene, arvioxy,
phenoxy, benzyloxy, ammno, alkylamino, acylaming, aminoalkyl, arylaming, sulfonylaming,
sulfinyvlamino, sulfonyl, alkylsulfonyl, aryisulfonyi, aminosulfonyl, sulfinyl, -COOH, ketone,
amide, carbamate, and acyl.

{0054] The term “===" designates a single bond (— } or a double bond (==}

[0055] For compounds described herein, groups and substituents thereof may be selected in
accordance with permutted valence of the atoms and the substituents, such that the selections and
substitutions result in a stable compound, e.g., which does not spontaneously undergo
transformation such as by rearrangement, cyclization, elimination, etc.

{0056] The term “mAChR My receptor antagonist” as used herein refers to any exogenously
administered compound or agent that directly or indirectly antagonizes mAChR My, for example
in an amimal, 10 particular a mammal {(e.g., a human).

{0657] For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision 13 explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1,0.2,6.3,04,6.5, 66,07, 68, 69, and 7.0 are exphcitly contemplated.

2. Compounds

{0058} In one aspect, disclosed 13 a compound of formula (1)

4

or a pharmaceutically acceptable salt thereof, wherem:

A1 a five- or six-membered heteroarylene having 1, 2 or 3 hetercatoms independently

selected from N, G and §;
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misQorl;

nisior2;

R! is selected from heteroaryl, aryl, heterocyelyl, and cycloalkyl;

each R? is independently selected from hydrogen, C1-Cs alkyl, halo, and ~OR%,

R? is selected from hydrogen and C1-Cy alkyl;

R* is selected from {CR°R),-Y, C1-Cr alkyl, and C1-Ca alkenyl;

R is selected from hydrogen, Ci-Cs alkyl, halo, Ci-Cs haloalkyl, C1-Cs alkoxy, and Ci-
s haloalkoxy;

Y’ 15 selected from cycloalkyl, cycloalkenyl, heterocycle, aryl, and hetercaryl;

each R? is independently selected from hydrogen, Ci-Cy alkyl, C3-Cs cycloalkyl, and aryl;

each R” is independently selected from hydrogen and Ci-Cy alkyl;

each RC 1s independently selected from hydrogen, Ci-Cq alkyl, C3-Cs cycloalkyl, and aryl;
and

pis0, 1,2, 3, 014

wherein each aryl, heteroaryl, heteroarviene, cycloalkyl, cycloalkenyl, and heterocycele 1s
independently unsubstituted or substituted with 1, 2, or 3 substituents.
[0059] In some embodiments, each aryl, heteroaryl, heteroarylene, cycloalkyl, cyvcloalkenyl,
and heterocycle 1s mdependently unsubstituted or substituted with 1, 2, or 3 substituents
mdependently selected from Ci-Ca alkyl, halo, Ci-Cy4 haloalkyl, Ci-Ca alkoxy, Ci-Cs haloalkoxy,
C1-Ca hydroxyalkyl, hydroxy, cyano, ~-NHCOR®, and benzyl
{0060] In the embodiments herein, R® may be hydrogen or Ci1-Cy alkyl.
{0061] In some embodiments, each arvl, heteroaryl, hetercarylene, cycloalkyl, cycloalkenyl,
and heterocycle 15 independently unsubstituted or substituted with 1, 2, or 3 substituents
mdependently selected from C1-Ca alkyl, halo, Ci-Cs haloalkyl, Ci-Cq alkoxy, Ci-C4q haloalkoxy,
(1-Cq hydroxyalkyl, hydroxy, cvano, ~NHCORS, Cs-Cecycloalkyl, and benzyl; and R® 15
hydrogen or C1-Cy alkyl.
{6062] In some embodiments, ring A is unsubstituted.

{0063} In some embodiments, A 1s selected from:
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wherein:

T is selected from O, S and NH;

U, V., W, X, Y and Z are independently selected from N and CRY, and

each R is independently selected from hydrogen, C1-Cs alkyl, halo, Ci-Ca haloalkyi, Ci-
Cs alkoxy, Ci-Ca haloalkoxy, and hydroxy.

{0064] In some embodiments, A is selected from:

“es
N b R NS N o
OAUOES NGNS
z/f;?,z/imj,z)\mf ' ,“e;/z“*’“w,
m(
it A

3

{0065} In some embodiments, A s

[0066] In some embodiments, m 15 0.

{0067} In some embodiments, ms 1.

{0068] In some embodiments, m is 1, and R” is hydrogen.

{8069} In some embaodiments, R! is selected from aryl (e g, phenyl or benzodioxolyl),

heteroarvl {e.g., 5- or 6- membered hetercaryl having 1, 2, or 3 heteroatoms independently
selected from N, O, and §, such as pyrazolyl or isoxazolyl), heterocyelyl (e.g., a 5- or 6-
membered heterocycle having 1, 2, or 3 heteroatoms mdependently selected from N, G, and S,
such as morpholine), and cycloalkyl {e.g., a Cs-Cr cycloalkyl). The arvl, heteroaryl,
heterocyclyl, and cycloalkyl may be substituted with 1, 2, or 3 substituents independently
selected from C1-Cs alkyl, halo, Ci-Cy haloalkyl, Ci-Cq alkoxy, C1-Cs haloalkoxy, Ci-Cy
hydroxyalkyl, hydroxy, cyano, ~NHCORS, Cs-Cscycloalkyl, and beneyl; and R® 18 hydrogen or
C1-Ca alkyl

{0670} In some embodiments, R! i3 selected from phenyl and a 5- or 6- membered heteroaryl

having 1, 2, or 3 heterocatoms independently selected from N, O, and S, wherein the phenvi or
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heteroarvl is unsubstituted or substituted with 1, 2, or 3 substituents independently selected from
halo, Ci-Ca alkyl, C1-Cs haloalkyl, and ~-NHCOR® (wherein R” 15 selected from hydrogen and
Ci1-Ca alkyl).

{0671] In some embodiments, R! is selected from phenyl and a 5- or 6- membered heteroaryl
having 1, 2, or 3 hetercatoms independently selected from N, O, and S, wherein the phenvl or
heteroarvl is unsubstituted or substituted with 1, 2, or 3 substituents independently selected from
halo, C1-Cq alkyl, and Ci-Cq haloalkyl

{6072} In some embodiments, R’ is phenyl that is unsubstituted or substituted with 1, 2, or 3
substituents independently selected from halo, Ci-Cs alkyl, Ci-Cq haloalkyl, and -NHCOR®. In
some embodiments, R' is pheny] that is substituted with 1 or 2 substituents independently
selected from halo and C1-C4 haloalkyl. In some embodiments, R} is phenyl that is substituted
with fluore and chloro. In some embodiments, R! is 2-chloro-S-fluoro-phenyl.

[0073] In some embaodiments, R! is a 5- or 6- membered heteroaryl having 1, 2, or 3
heteroatoms independently selected from N, O, and S, and is unsubstituted or substituted with 1,
2, or 3 substituents independently selected from halo, C1-Ca alkyl, Ci-Cy haloalkyl, and —
NHCORE®. In sorne embodiments, R is a 5- membered heteroaryl having 1, 2, or 3 heteroatoms
independently selected from N and O, and 1s substituted with 1, 2, or 3 substituents
independently selected from halo, Ci-Ca alkyl, Ci-Cq haloalkyl, and -NHCOR®. In some
embodiments, R! is selected from pyrazolyl and isoxazolyl, each of which is substituted with two
substituents independently selected from C1-Cs alkyl. In some embodiments, R! 1s selected from
2,4-dimethyipyrazol-3-yi, 1,3-dimethylpyrazol-4-yl, and 3,5-dimethylisoxazolyl In some
embodiments, R' is 2.4-dimethylpyrazol-3-y1.

{8074} In some embodiments, R! is phenyl or pyrazolyl, wherein the phenyl or pyrazolyl is
substituted with two substituents independently selected from halo and C1-Cy alkyl

{0675] In some embodiments, R! is aryl optionally substituted with 1-3 substituents
independently selected from the group consisting of halogen, Ci1-Caalkyl, C1-C4 haloalkyl, —
NHCOR®, and Cs-Cscycloalkyl. The aryl at R may be phenyl or a phenyl bonded to the parent
molecular moiety and fused to a 5- or 6-membered heteroarvi (e.g., quinolin-6-yl, 2H-indazol-5-
v1}, a 5- to 6-membered heterocycle containing 1-2 oxvgen atoms {e.g., benzo{d}{1,3]dioxol-5-
yi}, or a second phenyl (i.e., naphthyl). In further embodiments, R' is a) phenyl, b} a phenyl

bonded to the parent molecular moiety and fused to a second ring selected from the group



WO 2019/152809 PCT/US2019/016300

consisting of a 5- or 6-membered heteroaryl, a 5- to 6-membered heterocycle containing 1-2
oxygen atoms, and a second phenyl, or ¢} a 5- or 6- membered hetercaryvl having 1, 2, or 3
heteroatoms independently selected from N, O, and 8, wherein R! is unsubstituted or substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, Ci-Ca alkyl,
C-Cs haloalkyl, -NHCOR®, and Ci-Cscycloalkyl. In still further embodiments, R! is phenyl,
quinolinyl, benzo[d][1,3]dioxolyl, indazolyl, pyrazolyl, or pyridinyl, wherein R is optionally
substituted with 1-3 substituents independently selected from the group consisting of halo, Ci-Ca
alkyl, C1-Cs haloalkyl, -NHCORS®, and C3-Cscycloalkyl. In yet further embodiments, R' is
phenyl, quinolin-6-yl, benzo[d}[1 3]dioxol-5-v1, 2H-indazol-5-yl, 1H-pyrazol-4-yl, or pyridin-3-
vi, wherein R! is optionally substituted with 1-3 substituents independently selected from the
group consisting of halo, C1-Cs alkyl, Ci-Cs haloalkyl, -NHCOR®, and Cs-Cscycloalkyl. In more
embodiments, R! is phenyl, pyridinyl, or pyrazolyl, wherein the phenyl, pyridinyl, or pyrazolyl is
substituted with 1-2 substituents independently selected from the group consisting of halogen,
C1-Cy alkyl, C1-C4 haloalkyl, -NHCOR®, and Cs-Cecveloalkyl

[0076] In the embodiments herein, B! may be substituted with 1-2 halogens, 1-2 Ci-Ca alkyl,
~NHCOR?®, C1-Cy haloalkyl, or C3-Cecycloalkyl.

hale halo

{0677} In the embodiments herein, R! may be : C .

halo halo
halo halo O
haio halo ,

e N
Y o /Q
,im C4-Caalkyl”
Na=
Cz—Cﬁcycioaikylw
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{6078] In the embodiments herein, R! may be O , : , : ,
i

Gl

Ci

, or
{8079} In some embodiments, n is 1, and R? is hydrogen.

{0080} In some embodiments, R is hydrogen.

{0081] In some embodiments: R is selected from Ci-Cs alkyl {e.g., Ca-Cs alkyl) and —
(CRYR®y-Y'; each R” is hvdrogen; each R®is hydrogen; pis 0, 1, 2, or 3; and Y~ is selected
from: U3-Cio cycloalkyl; Cs-Cs cycloatkenyl; aryl; a 5- or 6-membered hetercarvi having 1, 2, or
3 heteroatoms mdependently selected from N, O, and §; and a 5-, 6-, or 7-membered heterocycle
having 1, 2, or 3 heteroatoms independently selected from N, O, and S; wherein Y’ is
unsubstituted or substituted with one or two substituents independently selected from halo and
Ci-Ca alkyl

{0082} In some embodiments, R* is Ci-Cs alkyl, such as C4-Cs alkyl In some embodiments,
R* is selected from 2,2-dimethylpropyl, 3,3-dimethylbutan-2-yl, pentan-2-v1, and sec-butyl.
[0083] In some embodiments: R* is {(CRR),-Y; RY is hydrogen; RS is hydrogen; p is 0, 1,
2,0r3; and Y’ 1s selected from: Cs3-Cho cycloalkyl, C:-Cs cycloalkenyl, arvl, a 5- or 6-membered
heteroaryl having 1, 2, or 3 hetercatoms independently selected from N, O, and §, and a 5-, 6-, or
7-membered heterocycle having 1, 2, or 3 heteroatoms independently selected from N, O, and S;
wherein Y~ 13 unsubstituted or substituted with one or two substituents independently selected
from halo and Ci-Ca alkyl In some embodiments, Y~ 1s C3-Cio cycloalkyl (e g., cyclohexyl,
cycloheptyl, or adamantyl). In some embodiments, Y’ 15 C3-Cs cycloalkenyl (e.g,

bicyclo[2.2 1iheptenyl). In some embodiments, Y 1s aryl (e.g., phenyl or benzodioxolyl), which
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may be unsubstituted or substituted with 1 or 2 substituents independently selected from halo

{e.g., fluoro} and C1-Cs alkyl {e.g., methyl}. In some embodiments, Y is a 5- or 6-membered

heteroaryl having 1, 2, or 3 heteroatoms independently selected from N, O, and S {(e.g., pyridy})
which 1s unsubstituted or substituted with 1 or 2 substituents independently selected from halo
(e.g., fluoro) and C1-Cy alkyl (e.g., methyl). In some embodiments, Y’ is a 5-, 6-, or 7-membered
heterocycle having 1, 2, or 3 hetercatoms independently selected from N, O, and S (e g,
tetrahydropyranyl or oxabicyclo[2.2. 1 heptanyl). In the embodiments herein, Y~ may be C3-Cio
cycloalkyl; Cs-Cs cycloalkenyl; phenyl; a phenyl bonded to the parent molecular motety and
fused to a 5- to 6-membered heterocycle containing 1-2 oxygen atoms {e.g., benzo[d][1,3}dioxol-
5-y1}; a 5- or 6-membered heteroary! having 1, 2, or 3 nitrogen atoms {e.g., pyridinyl, pyrazoivl);
and a 5-, 6-, or 7-membered heterocycle containing | oxyvgen atom (e.g., tetrahydropyranyl},
wherein Y~ 1s unsubstituted or substituted with one or two substituents independently selected
from halo and C1-Cyq alkyl. In the embodiments herein, Y’ may be C3-Cr cycloalkyl, Cs-Cs
cycloalkenyl; phenyl; benzo[d}[1,3]1dioxolyl; pynidinyl, pyrazolyl, or tetrahvdropyranyl, wherein
Y’ 1s unsubstituted or substituted with one or two substituents independently selected from halo

and C1-Cy alkyl.

{6084} In the embodiments herein, R* may be j {Q
{Q Xp ot

{6085] In some embodiments, the compmmd is a compound of formula (la}:

{Ta)

or a pharmaceutically acceptable salt thereof, wherein R, R2, R®, R* R®, A, m, and n are

as defined n the aspects and embodiments described herein.

{0086] In some embodiments, the compound is a compound of formula {Ib):
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N H
RO
— Higbs: N
< R"é
)
H
(Ib)
or a pharmaceutically acceptable salt thereof, wherein RY, R*, R®, and m are as defined in

the aspects and embodiments described herein.

{0087} In some embodiments, the compound of formula (1) has formula (Ic}

H
WX z
tod! W .
R—< >—ﬁm<CNm\
y=7 H\? R4

{Ic)

wherein the ring containing W, X, Y and Z 13 a 6-membered hetercaryl ring containing two or
one nitrogen atoms and W, X, Y and 7 are independently N or CH {(e.g., pyridazine, pyridine,
pyrimidine); R! is a 5- to 10-membered aromatic ring system optionally containing 1-2 nitrogen
atoms and optionally substituted with 1-3 substituents independently selected from the group
consisting of halogen, C1-Caalkyl, C1-Cs haloalkyl, -NHCOR®, and C3-Cocycloalkyl; R® 15
hydrogen or C1-Ca alkyl;R* is C4-Cs alkyl or {CRPR®)p-Y’; each RP is independently hydrogen
or Ci-Cq alkylieach R is independently hydrogen or Ci-Caalkylpis 0, 1, 2, 3, or 4; and¥Y’ 15 Cs-
Cio cycloalkyl; C3-Cs cycloalkenyl; arvl; a 5- or 6-membered hetercaryl having 1, 2, or 3
heteroatoms independently selected from N, O, and §; or a §-, 6-, or 7-membered heterocycle
having 1, 2, or 3 heteroatoms independently selected from N, O, and S; wherein Y’ 15
unsubstituted or substituted with one or two substituents independently selected from halo and
C1-Cs alkyl. The 5- to 10-membered aromatic ring system optionally containing 1-2 nitfrogen
atoms at R! is a mono or bicyclic aryl or heteroaryl as defined herein, such as phenyl, naphthyl,
quinolinyl, indazolyl, benzo[d][1.3}dioxol-5-y1, pyridinyl, and pyrazolyl
[0088] Representative compounds of formula (I) include, but are not himited to:

(15,5R,65)-3-(3,3-dimethylbutyl}-N-[6-(1,3-dimethylpyrazol-4-yDpyridazin-3-vi}-3-
azabicyclof3.1 Olhexan-6-amine;

(1R,58,65)-3-(3,3-dimethylbutyl}-N-[6-(1,3-dimethylpyrazol-4-yDpyridazin-3-yi}-3-

azabicyclof3.1 Olhexan-6-amine;

— 18 —
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(1.5,5R,65)-3-(5-bicyclo[2.2. 1 Thept-2-enylmethy}-N-{6-(1,3-dimethylpyrazol-4-
ylpyridazin-3-yi}-3-azabicyelo[3.1.0Thexan-6-amine;
(1R,58,65)-3-(5-bicyclo[2.2. 1 Thept-2-enylmethyl}-N-{6-(1,3-dimethylpyrazol-4-
ylpyridazin-3-yi}-3-azabicyelo[3.1.0Thexan-6-amine;
(15,5R,65)-N-{6-(1,3-dimethylpyrazol-4-ylpyridazin-3-y1}-3-(2,3,3-trimethylbutyl}-3-
azabicyclof3.1 Olhexan-6-amine;
(1R,58,65)-N-{6-(1,3-dimethylpyrazol-4-ylpyridazin-3-y1}-3-(2,3,3-trimethylbutyl}-3-
azabicyclof3.1 Olhexan-6-amine;
(1R,55,65)-N-{{6-(1,3-dimethyl-1H-pyrazol-4-y)pyridazin-3-y methy1}-3-(3,3-
dimethylibutyl}-3-azabicyclo{3.1 Olhexan-6-amine;
(1R,58,65)-N-{{6-(2-chloro-5-fluoro-phenyljpyridazin-3-yhmethyl)-3-(3,3-
dimethyibutyl)-3-azabicyclo]3.1 Olhexan-6-amine;
(1R,58,65)-N-{{6-(2-chloro-5-tluoro-phenyl}pyridazin-3-vlymethyl}-3-
{cyclohexylmethyl}-3-azabicyclo[3 1.0lhexan-G-amine;
(1R,58,65)-3-(cyclohexylmethyD-N-((6-(1,3-dimethyipyrazol-4-yljpyridazin-3-
ymethyl)-3-azabicyclo[3 1. Othexan-6-amine;
(1R,58,65)-N-[6-(2-fluorophenyl)pyridazin-3-yl1}-3-{tetrahydropyran-4-yimethyl}-3-
azabicyclof3.1 Olhexan-6-amine;
{1R,58,65)-N-[6-(3-fluorophenyljpyridazin-3-y1}-3-{tetrabydropyran-4-yimethyl)-3-
azabicyclof3.1.Olhexan-6-amine;
{1R,58,65)-N-[6-{4-fluorophenyljpyridazin-3-y1}-3-{tetrabydropyran-4-yimethyl)-3-
azabicyclof3.1.Olhexan-6-amine;
{1R,58,65)-N-[6-(2~-chlorophenylpyridazin-3-yi}-3-{tetrtahydropyran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-6-aming;
(1R,58,65)-N-{6-{2-chloro-5-fluoro-phenvhpyridazin-3-yl}-3-{tetrahydropyran-4-
yimethvi}-3-azabicyclo{3.1 Olhexan-6-amine;
(1R,58,65)-N-{6-{2-chloro-3-fluoro-phenvhpyridazin-3-yl}-3-{tetrahydropyran-4-
yimethvi}-3-azabicyclo{3.1 Olhexan-6-amine;
(1R,58,65)-N-{6-{2-chloro-4-fluoro-phenvhpyridazin-3-yl}-3-(tetrahydropyran-4-
yimethvi}-3-azabicyclo{3.1 Olhexan-6-amine;

(1R,55,653-N-{6-(2-chloro-6-fluoro-phenypyridazin-3-yl}-3-(tetrahydropyran-4-

— 19—
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yimethvi}-3-azabicyclo{3.1 Olhexan-6-amine;
(1R,58,65)-N-{6-(2,5-difluorophenyl}pyridazin-3-yi]-3-(tetrahydropyran-4-y lmethyi}-3
azabicyclof3.1.0lhexan-6-aming;
(1R,58,65)-N-[6-{6-quinolyljpyridazin-3-yi]-3-(tetrahydropvran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-G-amineg;
(1R,55,653-N-{0-(2-methylindazol-5-yhpyridazin-3-yl}-3-(tetrahydropyran-4-ylmethyl)-
3~azabicvclo{3. 1.0thexan-G-amine;
N-[4-[6-[T(1R 58,65)-3-(tetrahydropyran-4-ylmethyl}-3-azabicyclo[3.1 Olhexan-6-
yi]aminﬁ}pyndazménvi}phenvl}acetamide;
(1R,55,65})-3-(tetrahydropyran-4-ylmethy)-N-[6-[6-(trifluoromethyl)-3-
pyridylipyridazin-3-yl}-3-azabicyclo[3.1.Ofhexan-6-amine;
(1R,55,68)-N-{6-(6-cyclopropyi-3-pyndypyridazin-3-yl}-3-(tetrahydropyran-4-
vimethyl}-3-azabicyclo[3.1 Olhexan-6-amine;
(1R,55,65)-N-{6-(2-chloro-5-fluoro-phenylpyridazin-3-y1]-3-[(3-fluorophenylmethyl}-3
azabicyclof3.1.0lhexan-G-amine;
(1R,55,65)-N-{6-(2-chloro-5-fluoro-phenylpyridazin-3-y1]-3-[(4-fluorophenylmethyl}-3
azabicyclof3.1.0lhexan-G-amine;
(1R,55,65)-N-{6-(2-chloro-3-fluoro-phenyipyridazin-3-v1}-3-(Z-pyridyimethyl)-3-
azabicyclof3.1.0lhexan-6-amine;
(1R,55,65)-3-(1,3-benzodioxol-5-vimethyl}-N-[6-{2-chloro-5-fluoro-phenylpyridazin-3-
vi]-3-azabicyclo]3.1 Othexan-6-amine;
(1R,58,65)-N-{6-(2-chloro-3-fluoro-phenyDpyridazin-3-y1}-3-{(1,5-dimethyipyrazol-3-
yvimethyl]-3-azabicyclo]3.1 Othexan-6-amine;
(1R 58,65)-N-{6-( 2-chloro-5-fluoro-phenyhpyridazin-3-y1}-3-(3,3-dimethylbuty1}-3
azabicyclof3.1.0lhexan-6-amine;
(1R 58,65)-N-(6-phenvipyridazin-3-yl}-3-(tetrahydropyran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-6-amine;
(1R 58,65)-N-{6-( 2-naphthyDpyridazin-3-v1|-3-(tetrahydropyran-4-ylmethy1)-3-
azabicyclof3.1.0lhexan-6-amine;
(1R,58,65)-N-{6-(1,3-benzodioxol-5-yhpyridazin-3-yl}-3-(tetrahy dropyran-4-ylmethyl)-

3-azabicyclo[3.1 0Olhexan-6-amine;
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(1R 58,65)-N-{6-(2,3-difluorophenyl)pyridazin-3-vi]-3-(tetrahydropyran-4-yImethyli}-3-
azabicyclof3.1.0lhexan-6-amine;

(1R 58,65)-N-{6-(2 4-difluorophenyl)pyridazin-3-vi]-3-(tetrahydropyran-4-yimethyl}-3-
azabicyclof3.1.0lhexan-6-amine;

(1R,58,65)-N-{6-(2,5-diftuorophenyl)pyridazin-3-vi]-3-[(2-fluorophenylymethyi]-3-
azabicyclof3.1 Olhexan-6-amine;

(1R,58,65)-N-{6-(2,5-diflucrophenyl)pyridazin-3-yi}-3-(2-pyridylmethy1}-3-
azabicyclof3.1 Olhexan-6-amine;

(1R,58,65)-3-(1,3-benzodioxol-5-ylmethy}-N-[6-(2, 5-difluorophenyl}pyridazin-3-yi}-3-
azabicyclof3.1 Olhexan-6-amine;

(1R,55,65)-N-{6-(2,5-diftuorophenyl}pyridazin-3-yi]-3-[(1,5-dimethylpyrazol-3-

ymethyl]-3-azabicyclo[3 1. Othexan-6-amine;

(1R,58,65)-N-[6-(2,5-difluorophenyl}pyridazin-3-vi]-3-(3,3-dimethylbutyl)-3-
azabicyclof3.1 Olhexan-6-amine;

(1R,58,65)-3-[(1,5-dimethylpyrazol-3-yDmethyl}]-N-[6-(2-methylindazol-5-yDpyridazin-
3-yl}-3-azabicyclo[3.1. Olhexan-6-amine; and

(1R,58,65)-3-(3,3-dimethylbutyl)-N-[6~(2-methylindazol-5-yDpyridazin-3-y1}-3-
azabicyclof3.1 Olhexan-6-amine,

trans-3-(3,3-dimethylbuty}-V-[6-(1,3-dimethylpyrazol-4-ypyridazin-3-yi}-3-
azabicyclof3.1. Olhexan-6-amine;

trans-3-{3-bicyclo]2.2.1 thept-2-enylmethy D)-N-[6-(1,3-dimethylpyrazol-4-yipyridazin-3-
yi]-3-azabicyclo]3.1. Othexan-6-amune;

trans-N-{6-(1,3-dimethylpyrazol-4-ylpyridazin-3-y1}-3-(2,3, 3 trimethylbuty)-3-
azabicyclof3.1.0lhexan-6-aming;

trans-N-({6-( 1,3-dimethyl-1H-pyrazol-d-yDpyridazin-3-ymethvi}-3-(3,3-dimethvibutyl}-
3-azabicyclo{3.1.0lhexan-6-amine;

trans-N-{{6-{2-chloro-5-fluoro-phenylipvridazin-3-vimethy)-3-(3,3-dimethylbutyl}-3-
azabicyclof3.1.0lhexan-6-aming;

trans-N-{{6-{2-chloro-5-fluoro-phenylipvridazin-3-ylimethyi}-3-{cyclohexylmethyi}-3-
azabicyclof3.1.0lhexan-6-aming;

trans-3-{cyclohexylmethy}-N-({6-(1,3-dimethyipvrazol-4-yljpyridazin-3-yhmethyl)-3-
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azabicyclof3.1.0lhexan-6-aming;

trans-N-[ 6-(2-fluorophenypyridazin-3-v1]-3-(tetrahydropyran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-6-aming;

trans-N-[ 6-(3-fluorophenypyridazin-3-vi]-3-(tetrahydropyran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-G-amineg;

trans-N-{6-(4-fluorophenylpyridazin-3-y1]-3-(tetrahydropyran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-G-amineg;

trans-N-{6-(2-chlorophenylipyridazin-3-yl}-3-(tetrahydropyran-4-yimethyi)-3-
azabicyclof3.1.0lhexan-G-amineg;

trans-N-{6-(2-chloro-5-fluoro-pheny Dpyridazin-3-yl}-3-(tetrahydropyran-4-ylmethy)-3-
azabicyclof3.1.0lhexan-G-amineg;

trans-N-{6-(2~chloro-3-fluoro-phenyDpyridazin-3-yi}-3-(tetrahydropyran-4-vilmethyl)-3-
azabicyclof3.1.0lhexan-G-amine;

trans-N-{6-(2~chloro-4-fluoro-phenyDpyridazin-3-yi}-3-(tetrahydropyran-4-vilmethyl)-3-
azabicyclof3.1.0lhexan-G-amine;

trans-N-{6-(2~chloro-6-fluoro-phenyDpyridazin-3-yi}-3-(tetrahydropyran-4-vilmethyl)-3-
azabicyclof3.1.0lhexan-G-amine;

trans-N-{6-(2, S-difluorophenylypyridazin-3-vi]-3-(tetrahy dropyran-4-ylmethyi)-3-
azabicyclof3.1.0lhexan-6-amine;

trans-N-{6~{6~quinolyjpyridazin-3-yi]-3-(tetrahydropyran-4-ylmethy{}-3-
azabicyclof3.1.0lhexan-6-amine;

trans-N-{6-{2-methylindazol-5-vljpyridazin-3-y1}-3-(tetraby dropyran-4-yimethyi)-3-
azabicyclof3.1.0lhexan-6-amine;

N-{4-{6-{[trans-3-(tetrahydropyran-4-vimethyl}-3-azabicyclof3.1.Olhexan-6-
yljamino]pyridazin-3-yliphenyljacetamide;

trans-3-(tetrahydropyran-4-yimethvi}-N-{6-] 6-(trifluoromethy [)-3-pynidylipyridazin-3-
yi}-3-azabicyclo{3.1 Olhexan-6-amine;

trans-N-{6-{6-cyclopropyi-3-pyridylpyridazin-3-yl}-3-(tetrahy dropyran-4-ylmethy}-3-
azabicyclof3.1.0lhexan-6-amine;

trans-N-{6-{2-chloro-5-fluoro-phenvpyridazin-3-yi}-3-[(3-fluorophenylymethy1]-3-

azabicyclof3.1 Olhexan-6-amine;
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trans-N-{6-{2-chloro-5-fluoro-phenvpyridazin-3-yi}-3-[{(4-fluorophenylymethy1]-3-
azabicyclof3.1.0lhexan-6-amine;

trans-N-{6-{2-chloro-5-fluoro-phenyl}pyridazin-3-vi}-3-( 2-pyridyimethyl}-3-
azabicyclof3.1.0lhexan-6-amine;

trans-3-(1,3-benzodioxol-5-yimethy1)-N-[6-(2-chloro-S-fluoro-phenyDpyrnidazin-3-y1}-3
azabicyclof3.1 Olhexan-6-amine;

trans-N-{6-{2-chloro-5-fluoro-phenylypyridazin-3-y1}-3-{(1, 5-dimethylpyrazol-3-
viymethyli}-3-azabicyclo[3 .1 Othexan-6-amine;

trans-N-{0-{2-chloro-5-fluoro-phenypyridazin-3-v1}-3-(3,3-dimethylbuty1}-3-
azabicyclof3.1 Olhexan-6-amine;

trans-N-{6-phenylpyridazin-3-yl}-3-(tetrahy dropyran-4-yimethyl)-3-
azabicyclof3.1 Olhexan-6-amine;

trans-N-{6-(2-naphthypyndazin-3-vi}-3-(tetrahydropyran-4-ylmethy1)-3-
azabicyclof3.1 Olhexan-6-amine;

trans-N-{6-(1,3~benzodioxol-3-ylpyridazin-3-yi}-3-(tetrahydropyran-4-vimethyl)-3-
azabicyclof3.1 Olhexan-6-amine;

trans-N-{6-(2,3~difluorophenylpyridazin-3-yi]-3-(tetrahy dropyran-4-ylmethyi)-3-
azabicyclof3.1 Olhexan-6-amine;

trans-N-{6-(2 4-difluorophenyl}pyridazin-3-yi]-3-(tetrahy dropyran-4-ylmethyi}-3-
azabicyclof3.1.Olhexan-6-amine;

trans-N-{6-(2,5-difluoropheny hpyndazin-3-yi]-3-[(2-fluorophenylymethyl]-3
azabicyclof3.1.Olhexan-6-amine;

trans-N-{6-(2,5-difluoropheny hpyndazin-3-vi]-3-(Z-pyridylmethyi}-3-
azabicyclof3.1.0lhexan-6-aming;

trans-3-(1,3-benzodioxol-5-yimethyl)-N-[6-(2, 5-diftuorophenyDpyridazin-3-y1}-3-
azabicyclof3.1.0lhexan-6-aming;

trans-N-{6-(2,5-difluorophenylypyridazin-3-vi}-3-{(1,5-dimethylpyrazol-3-yimethyl]-3
azabicyclof3.1.0lhexan-6-aming;

trans-N-{6-(2,5-difluorophenyDpyridazin-3-vi}-3-(3,3-dimethy lbutyf)-3-
azabicyclof3.1.0lhexan-6-aming;

trans-3-{(1,5-dimethylpyrazol-3-ylimethyl]-N-[6-{2-methylindazol-5-yl}pyridazin-3-yl}-
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3-azabicyclof3.1.0lhexan-6-amine; and

trans-3-(3,3-dimethylbutyl}-N-[6-(2-methylindazol-5-yhpynidazin-3-yl}-3-
azabicyclof3.1.0lhexan-6-aming,

or a pharmaceutically acceptable salt thereof.
{0089} Compound names and/or structures can be assigned/determined by using the
Struct=Name naming algorithm as part of CHEMDRAW® ULTRA.
{0090} The compound may exist as a stereoisomer wherein asymmetric or chiral centers are
present. The sterecisomer is “R” or “5” depending on the configuration of substituents around
the chiral carbon atom. The terms “R” and “5” used herein are configurations as defined in
TUPAC 1974 Recommendations for Section E, Fundamental Stereochemistry, in Pure Appl
Chem., 1976, 45: 13-30. The disclosure contemplates various stereoisomers and nmuxtures thereof
and these are specifically included within the scope of this invention. Sterecisomers mclude
enantiomers and diastereomers, and mixtures of enantiomers or diastereomers, Individual
stereoisomers of the compounds may be prepared synthetically from commercially available
starting materials, which contain asymmetric or chiral centers or by preparation of racemic
mixtures followed by methods of resolution well-known to those of ordinary skill in the art.
These methods of resolution are exemplified by (1) attachment of a muxture of enantiomers to a
chiral auxiliary, separation of the resulting mixture of diastereomers by recrystallization or
chromatography and optional liberation of the optically pure product from the auwxiliary as
described in Furniss, Hannaford, Smuth, and Tatchell, “Vogel's Textbook of Practical Organic
Chemustry,” 5th edition (1989}, Longman Scientific & Technical, Essex CM20 2JE, England, or
(2 direct separation of the mixture of optical enantiomers on chiral chromatographic columns, or
{3) fractional recrystallization methods.
{0091} Compounds have a 3-azabicyclof3.1.0}hexane core structure that can have a plane of

symmetry as in the following representative structure A

trans

(1R,55,65)
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{06052} Structure A i1s meso since s murror image B is superimposable. The 1, 5 and 6
stereschemical designations are used herein for symmetrical structures of type A to designate
relative stereochemistry between the ring fusion and the 6-position. Thus, when drawn in the
orientation depicted above 1R, 55,61 refers to trans relative stereochemistry between the 6-
position substituent and the ring fusion. Lower case s and r designations at the 6-position refer to
pseudo assymetry as described by G.P. Moss i “Basic terminology of stereochemistry (IUPAC
Recommendations)” in Pure and Applied Chemistry (1996), 68 (12) 2193-2222 The person

skilled in the art will understand that when structure A 1s drawn as the mirror image B,

trans

(15,5R,63)
chemical naming programs may, depending on the program, reverse the stereochemical
designation for 1 and S positions from R to 8§ and S to R, respectively, but that the pseudo
asymmetry at the 6-position remains invariant, due to R having priority over S according to
priority rules and the reversal of the carbons having R and S designations. Due to a plane of
symmetry A and B are the same.
{0093] It should be understood that the compound may possess tautomeric forms, as well as
geometric isomers, and that these also constitute embodiments of the disclosure.
{0094] The present disclosure also includes an isotopically-labeled compound, which is
identical to those recited in formula (1), but for the fact that one or more atoms are replaced by an
atom having an atomuic mass or mass number different from the atomic mass or mass number
usually found m nature. Examples of 1sotopes suitable for inclusion 1o the compounds of the
invention are hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, and chlorine,
such as, but not lirnited to 2H, *H, PC, ¥C, BN, B0, 170, *1p, 32P, S, ¥F, and *°C|, respectively.
Substitution with heavier isotopes such as deuterium, i.e. H, can afford certain therapeutic
advantages resulting from greater metabolic stability, for example increased in vivo halt-life or
reduced dosage requirements and, hence, may be preferred i some circumstances. The

compound may incorporate positron-emitting isotopes for medical imaging and positron-emitting
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tomography (PET) studies for determining the distribution of receptors. Swuitable positron-
emitting isotopes that can be incorporated in compounds of formula (I} are '1C, N, °Q, and *F.
Isotopicaliy-labeled compounds of formula (1) can generally be prepared by conventional
techniques known to those skilled in the art or by processes analogous to those described in the
accompanying Examples using appropriate isotopically-labeled reagent in place of non-
isotopically-labeled reagent.

a. Pharmaceutically Acceptiable Salts
{0095] The disclosed compounds may exist as pharmaceutically acceptable salts. The term
“pharmaceutically acceptable salt” refers to salts or zwitterions of the compounds which are
water or oil-soluble or dispersible, suitable for treatment of disorders without undue toxicity,
uritation, and allergic response, commensurate with a reasonable benefit/risk ratio and effective
for their intended use. The salts may be prepared during the final isolation and purification of the
compounds or separately by reacting an amino group of the compounds with a suitable acid. For
example, a compound may be dissolved in a suitable solvent, such as but not limited to methanol
and water and treated with at least one equivalent of an acid, like hydrochloric acid. The
resulting salt may precipitate out and be isolated by filiration and dried under reduced pressure.
Alternatively, the solvent and excess acid may be removed under reduced pressure to provide a
salt. Representative salts include acetate, adipate, alginate, citrate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, formate, 1sethionate, fumarate, lactate,
maleate, methanesulfonate, naphthylenesulfonate, nicotinate, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, oxalate, maleate, pivalate, propionate, succinate, tartrate,
trichloroacetate, trifluoroacetate, glutamate, para-toluenesulfonate, undecanoate, hydrochloric,
hydrobromuc, sulfuric, phosphoric and the like. The amino groups of the compounds may also be
quaternized with alkyl chlorides, bromides and iodides such as methyvi, ethyl, propyl, isopropyl,
butyl, lauryl, myrnistyl, stearvl and the like.
{0696] Basic addition salts may be prepared during the final 1solation and purification of the
disclosed compounds by reaction of a carboxy! group with a suitable base such as the hydroxide,
carbonate, or bicarbonate of a metal cation such as lithium, sodium, potassium, calcium,
magnesium, or aluminum, or an organic primary, secondary, or tertiary amine. (Quaternary amine

salts can be prepared, such as those derived from methylamine, dimethylamine, trimethylamine,
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triethylamine, diethyvlamine, ethylamine, tributylanmine, pyridine, N, N-dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, dibenzylamine, N N-
dibenzylphenethylamine, 1-ephenamine and N, N -dibenzylethvienediamine, ethylenediamine,
ethanolamine, diethanolamine, piperidine, piperazine, and the like.

b. General Synthesis
{0097] Compounds of formula (I} may be prepared by synthetic processes or by metabolic
processes. Preparation of the compounds by metabolic processes inclides those occurring in the
human or animal body (7n vive) or processes occurring i vifro.
{0098] Abbreviations used in the descriptions of the Schemes that follow include the
followmg: Ac is acetyl; BrettPhos-Pd-G3 1s {(2-di-cyclohexylphosphino-3,6-dimethoxy-2',4' 6'-
tritsopropyl-1,1'-biphenyl}-2-(2'-amino-1,1'-bipheny!)palladium(l} methanesulfonate (CAS
Number 1470372-59-8); DCE s 1,2-dichloroethane; DCM s dichloromethane;, DIPEA 158 NN-
dusopropylethylamine; DMF is N, N-dimethylformamide; Frooc is fluorenylmethyloxycarbonyl;
t or r.1. 1s room temperature, RuPhos-Pd-G3 15 (2-dicyclohexylphosphino-2',6'-diisopropoxy-
1, U-biphenyD{2-(2'-amino-~1, U'~-biphenyl)jpalladium(I]) methanesulfonate (CAS Number
1445085-77-7), STAB refers to sodium triacetoxyborohydride; TFA s trifluoroacetic acid; and
THF is tetrahvdrofuran.

{0099] Compounds of formula (I) may be synthesized as shown in the following schemes.

Scheme 1
Ci I"'t’i ,')H Rl o)
Xy & B < B‘
H | H ; - RAN g
HoN z y =N PooH OH ~ i H
2Ny, T Ci N N N, 2 N N, T
ny N B ~ )\\//// ‘\QE{J o e = X/N
o Bog ———— (i H “Boc KoCO;5 Rt H “Boc
A DIPEA, n-BuOH C BrattPhos-Pd-(G3 )
100 °C 1,4-dioxane/H,Q
" 150 °C, 1 1

HC H -Gt RACOH, NaBH(OAG);

N/N“\\Y’Nh' - - N,N\ N,,' b
— )i\/ ‘f\<i1 DCM, AcOH (10%) /U/ ‘@
A-dioxane > - o )
. HON\ANH or DOMITHF (1:1) 7 ™ H NN R
E F

r.i.
5G°C -1t

{00188] As shown in Scheme 1, (1R 55,65)-fert-butyl 6-amino-3-azabicyclo]3.1.0thexane-3-
carboxyiate {compound A, commercially available, CAS No. 273206-92-1) may be coupled with

3,6-dichioropyridazine (B} to generate compound €, which may be coupled with an appropriate

o
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boronic acid or ester to form compound B, Deprotection of compound B can provide compound
E, and reaction of compound E with a suitable aldehyde under reducing conditions may provide

compound F (i.e. a compound of formula (Ia) wherein m is 0 and R’ is H).

Scheme 2
RL_.OH (;»%;
a B o

B,
X o CH RO
H N LN G H RuPhos-Pd-G3,
HN,‘,QN_BOC e N C‘—(}“ i (\  KyCOg, 5:1 dioxanes/H;0,
ZEN * STAB, DCE, rt. N=N NS NBoc 100 °C
Hoa Ho H

1y Fmoc-Cl, THF, 0 °C

<]:/\N~Boc N ~<I::NH
R HO

N=N RN N=N &F
g Fmoc
i H g r
J
1) RACOH, STAB, DCM, 1 W H
2) piperidine, DMF R ‘-
NN HNee N
N R4

KooH
{00161}  As shown in Scheme 2, compound A may be coupled with 6-chloro-3-
pyridazinecarboxaldehyde to generate compound H, which may be coupled with an appropriate
boronic acid or ester to form compound I Protection of the amine using Fmoce-Cl may generate
compound J, which can be reacted with a suitable aldehvde under reducing conditions and then

deprotected to form compound K (i.e. a compound of formula (Ia) wherein mis 1 and R is H).
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Scheme 3
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S i b 2 DCM, THE, 1.t
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C N H Nopoc .
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[001062]  As shown in Scheme 3, the compound of formula C may be deprotected under acidic
conditions to provide amine L, which may in turn be reacted with an aldehyde under reductive
anunation conditions to provide compound M. Compound M may be reacted with suitable
boronic acids or esters under Suzuki-type conditions to provide compounds of formula F.
{061063] 2-Bromo-5-chloropyrazine, 3-bromo-6-fluoropyridine, and 2-chloro-thiazoles may
replace 3,6-dichloropyridazine in the methods of Schemes 1 and 3 to prepare additional
compounds where ring A 1 formula (I} is pyrazine, pyridine, or optionally substituted thiazole.
Reaction conditions {e.g., time, temperature, solvent) and co-reactants {e.g , bases) may be
modified as needed to promote the nucleophilic aromatic substitution reaction.

[80104] The compounds and intermediates may be 1solated and purified by methods well-
known to those skilled in the art of organic synthesis. Examples of conventional methods for
isolating and purifying compounds can include, but are not himited to, chromatography on sohid
supports such as silica gel, alumina, or silica derivatized with alkylsilane groups, by
recrystallization at high or low temperature with an optional pretreatment with activated carbon,
thin-laver chromatography, distillation at various pressures, sublimation under vacuum, and
trituration, as described for instance in “Vogel's Textbook of Practical Organic Chemistry,” 5th
edition {1989), by Furniss, Hannaford, Smith, and Tatchell, pub. Longman Scientific &

Technical, Essex CM20 2JE, England.
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{00105] A disclosed compound may have at least one basic nitrogen whereby the compound
can be treated with an acid to form a destred salt. For example, a compound may be reacted with
an acid at or above room temperature to provide the desired salt, which is deposited, and
collected by filtration after cooling. Examples of acids suitable for the reaction include, but are
not limited to tartaric acid, lactic acid, succinic acid, as well as mandelic, atrolactic,
methanesulfonic, ethanesulfonic, toluenesulfonic, naphthalenesulfonic, benzenesulfonic,
carbonic, fumaric, maleic, gluconic, acetic, propionic, salicylic, hydrochloric, hydrobromic,
phosphoric, sulfuric, citric, hydroxybutyric, camphorsulfonic, malic, phenvlacetic, aspartic, or
glutamic acid, and the like.

{00106] Reaction conditions and reaction times for each individual step can vary depending
on the particular reactants employed and substituents present in the reactants used. Specific
procedures are provided in the Examples section. Reactions can be worked up 1n the
conventional manner, e.g. by eliminating the solvent from the residue and further purified
according to methodologies generally known 1o the art such as, but not limuted to, crystallization,
distillation, extraction, trituration and chromatography. Unless otherwise described, the starting
matenials and reagents are either commercially available or can be prepared by one skilled in the
art from commercially available materials using methods described in the chemical hiterature,
Starting matenials, if not commercially available, can be prepared by procedures selected from
standard organic chemical techniques, techmques that are analogous to the synthesis of known,
structurally similar compounds, or technigues that are analogous to the above described schemes
or the procedures described in the synthetic examples section.

{08187] Routine experimentations, including appropriate manipulation of the reaction
conditions, reagents and sequence of the synthetic route, protection of any chenucal functionality
that cannot be compatible with the reaction conditions, and deprotection at a suitable point in the
reaction sequence of the method are included in the scope of the invention. Suitable protecting
groups and the methods for protecting and deprotecting different substituents using such suitable
protecting groups are well known to those skilied in the art; examples of which can be found in
PGM Wuts and TW Greene, in Greene’s book titled Protective Groups in Organic Synthesis (4%
ed.}, John Wiley & Sons, NYY {2006}, which 1s incorporated herein by reference i its entirety.
Synthesis of the compounds of the invention can be accomphished by methods analogous to those

described in the synthetic schemes described hereinabove and in specific examples.
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{001088] When an optically active form of a disclosed compound 1s required, it can be obtained
by carrying out one of the procedures described herein using an optically active starting material
{prepared, for example, by asymmetric induction of a suitable reaction step), or by resolution of a
mixture of the sterepisomers of the compound or intermediates using a standard procedure {such
as chromatographic separation, recrystallization or enzymatic resolution).
{00109}  Sinularly, when a pure geometric isomer of a compound is required, it can be
obtained by carrying out one of the above procedures using a pure geometric isomer as a starting
material, or by resolution of a mixture of the geometric 1somers of the compound or
imtermediates using a standard procedure such as chromatographic separation.
{00110} It can be appreciated that the synthetic schemes and specific examples as described
are illustrative and are not to be read as limiting the scope of the invention as it 1s defined in the
appended claims. All alternatives, modifications, and equivalents of the synthetic methods and
specific examples are included within the scope of the claims.

¢, Muscarinic Acetylcholine Receptor My Activity
{00111} M 1s the most highly expressed mACHR subtype in the striatum and its expression is
similar in rodents and primates. Due to a lack of selective Ma antagonists, mechamstic
understanding of the role of Ms has been guided by biochemical and genetic studies, as well as
the use of tughly selective Mu positive allosteric modulators (PAMSs). Highly selective Ms PAMSs
mduce robust decreases mn behavioral responses to psychomotor stimulants that act by 1ncreasing
striatal DA levels. Furthermore, genetic deletion of Maincreases exploratory locomotor activity,
potentiates locomotor responses to amphetamine and other stimulants, and eliminates effects of
M PAMSs on locomotor activity and these effects are also observed with selective deletion of My
from stniatal spiny projection neurons that express the D1 subtype of DA receptor (B1-SPNs). In
vivg microdialysis studies reveal that administration of Ma PAMs reduces amphetamine-induced
DA release in the dorsal and ventral striatum and fMRI studies show that Ms PAMs reverse
amphetamine-induced increases in cerebral blood flow (CBV) in striatum and other basal ganglia
nuclei. More recently, fast-scanning cyclic voltammetry (FSCV) and genetic studies,
demonstrated that Ms PAMSs act, at least in part, by inhubition of DA release from presynaptic
DA terminals i the striatum through release of an endocannabinoid from striatal spiny

projection neurons (SPNs) and activation of UBZ cannabinoid receptors on DA terminals.
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{00112] My is heavily expressed in a subset of SPNs that also express the D1 subtype of DA
receptor (D1DR), which form the direct pathway (D1-SPNs) sending inhibitory projections to the
substantia nigra pars reticulata (SNr). Interestingly, D1DRs activate a unique GTP-binding
protein in D1-SPNs, termed Geoir that couples DiRs to activation of adenylyl cyclase, formation
of cAMP, and activation of protein kinase A (PKA). This signaling pathway 1s critical for many
of the behavioral actions of DA-mediated activation of motor activity Interestingly, M couples
to Goie G proteins, which inhibit adenylyl cyclase and have the potential to directly counteract
mhibit D receptor signaling and effects on motor function. These studies raise the possibility
that, in addition to inhibition of DA release, Ma PAMSs may directly inhibit D1 R-mediated
signaling in D1-SPNs by direct intubition of cAMP formation and this could also contribute to
the powerful mhibitory effect of selective M activation of DA signaling in the basal gangha.
Consistent with this, M4 PAMSs mhibit locomotor-stimulating effects of a direct acting D agonist.
Furthermore, a series of pharmacological, genetic, and molecular/celiular studies reveal that this
response s mediated by inhibition of DiDR signaling in D1-SPNs. Thus, the primary action of
Mas PAMSs on D1DR signaling 1s not 1n the striatum, but on GAB Aergic terminals of D1-SPNs in
the SNr, where activation of D1DRs induces a robust increase in GABA release. This challenges
the widespread view that cholinergic regulation of striatal function is almost exclusively
mediated through ACh released from tonically active, striatal cholinergic interneurons (Chis) and
raises the possibility that cholinergic innervation of the SNr from cholinergic projections from
the pedunculopontine nucleus may also play a critical role in regulating motor activity and other
functions of the basal gangha direct pathway. Together, these data suggest that 1n addition to
mhibiting DA release, Maactivation also acts postsynaptically in Di-expressing SPNs to inhibit
motor function.

{00113] Consistent with a3 prominent role of Ms as the primary mAChHR subtype mvolved in
regulating motor function, multiple reports indicate that the locomotor-activating effects of the
mACHhR antagonist scopolamine are dramatically reduced in Ma knockout mice, but not the other
four mAChHR subtypes (Mi-3.5}. Furthermore, haloperidol-induced catalepsy, a model of
parkinsomian motor disability, 18 reduced in Ms knockout mice as compared to wild-type
controls. Hvaluation of the anti-parkinsonian effects of scopolamine, by assessing effects of this
compound on catalepsy induced by the DA recepior antagonist haloperidol, display robust

catalepsy that was completely reversed by scopolamine in WT mice. The reversal by
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scopolamine was uncommonly robust and more pronounced than we observe with agents
targeting a number of other targets being evaluated for potential antiparkinsonian effects,
mcluding metabotropic glutamate (mGlu) receptors mGlus or mGlus, AzA adenosine receptors,
and NMDA receptors. Importantly, scopolamine was ineffective in reducing catalepsy in Ma KO
mice, suggesting that the anti-cataleptic effect of scopolamine requires actions on mACHhR Ma,
Taken together with the extensive studies of Ma modulation of basal ganglia and motor function,
these studies provide compelling evidence that Ma is the dominant mAChR subtype involved in
the antiparkinsonian effects of non-selective mAChR antagonists and provide support for
discovery and development of selective Ma antagonists for treatment of neurodegenerative
disease such as PD, dystonia, tardive dyskinesia and other movement disorders.

{00114] Despite advances in mAChR research, there 1s still a scarcity of compounds that are
potent, efficacious and selective antagonists of the MamAChR. Highly selective Ms antagonists
represent a new therapeutic approach for the treatment of neurodegenerative diseases including
PD, dystorua, tardive dyskinesia and other movement disorders and may offer the clinical benefit
of scopolamine, without the adverse effects mediated by pan-mAChR inhibition

[00115] In some embodiments, the disclosed compounds are antagomsts of mAChR My, Such
activity can be demonstrated by methodology known in the art. For example, antagonism of
mAChR My activity can be determined by measurement of calcium flux in response to agonist,
e.g. acetylcholine, in cells loaded with a Ca?"-sensitive fluorescent dye (e.g., Fluo-4) and co-
expression of a chimeric or promuscuous G protein. In some embodiments, the calcium flux can
be measured as an mcrease n fluorescent static ratio. In some embodiments, antagonist activity
can be analyzed as a concentration-dependent increase 10 the ECso acetylcholine response (ie.
the response of mACHR My at a concentration of acetylchohine that vields 80% of the maximal
response}.

{06116] In some embodiments, the disclosed compounds antagonize mAChR Ms as a decrease
in calcium fluorescence in mACHR My-transfected CHO-K1 cells in the presence of the
compound, compared to the response of equivalent CHO-K1 cells in the absence of the
compound. In some embodiments, a disclosed compound antagonizes the mAChR My response
with an 1Cs of less than about 10 pM, less than about S uM, less than about 1 uM, less than
about 500 nM, of less than about 100 nM, or less than about 56 oM. In some embodiments, the

mAChR Ma-transfected CHO-K 1 cells are transfected with human mAChR My, In some
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embodiments, the mAChR Mu-transfected CHO-K1 cells are iransfected with rat mAChR M4 In
some embodiments, the mAChR Ma-transfected CHO-K 1 cells are transfected with mAChR M
from dog or cynomolgus monkey.

{06117}  The disclosed compounds may antagonize mAChR Ma response in mAChR Ma -
transfected CHO-K1 cells with an ICse less than the ICso for one or more of mAChR M, My, Ma
or Ms-transfected CHO-K1 cells. That is, a disclosed compound can have selectivity for the
mAChR My receptor vis-a-vis one or more of the mAChR M, Mz, M3 or Ms receptors. For
example, in some embodiments, a disclosed compound can antagonize mAChR M response
with an {Cso of about 5-fold less, about 10-fold less, about 20-fold less, about 30-fold less, about
S0-fold less, about 100-fold less, about 200-fold less, about 300-fold less, about 400-fold less, or
greater than about 500-fold less than that for mAChR M:. In some embodiments, a disclosed
compound can antagonize mAChR Ma response with an 1Cse of about 5-fold less, about 10-fold
less, about 20-fold less, about 30-fold less, about 50-fold less, about 100-fold less, about 200-
fold less, about 300-fold less, about 400-fold less, or greater than about 500-fold less than that
for mAChR Mz. In some embodiments, a disclosed compound can antagonize mAChR My
response with an [Cso of about 3-fold less, about 10-fold less, about 20-fold less, about 30-fold
less, about 50-fold less, about 100-fold less, about 200-fold less, about 300-fold less, about 400-
fold less, or greater than about 500-fold less than that for mAChR M. In some embodiments, a
disclosed compound can antagonize mAChR My response with an ICs0 of about 5-fold less,
about 10-fold less, about 20-fold less, about 30-fold less, about 50-fold less, about 100-fold less,
about 200-fold tess, about 300-fold less, about 400-fold less, or greater than about 500-fold less
than that for mAChR Ms. In some embodiments, a disclosed compound can antagonize mAChR
Ma response with an ICso of 5-fold less, about 10-fold less, about 20-fold less, about 30-fold less
than that for the M2-Ms receptors, of about 50-fold less, about 100-fold less, about 200-fold less,
about 300-fold less, about 400-fold less, or greater than about 500-fold less than that for the
mAChR M, Ma, M, or Ms receptors.

{06118] The disclosed compounds may antagonize mAChR Ma response in Mu-transfected
CHO-K1 cells with an ICso of less than about 10 pM and exhibit a selectivity for the M receptor
vis-a-vis one or more of the mAChR M, Mo, M, or Ms receptors. For example, i some
embodiments, the compound can have an ICso of less than about 10 pM, of less than about 5 uM,

of less than about 1 uM, of less than about 500 nM, of less than about 100 oM, or of less than
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about 50 nM; and the compound can also antagonize mAChR My response with an 1Cs0 of about
5-fold less, 10-fold less, 20-fold less, 30-fold less, 50-fold less, 100-fold less, 200-fold less, 300-
fold less, 400-fold less, or greater than about 500-fold less than that for mAChR M. In some
embodiments, the compound can have an ICso of less than about 10 uM, of less than about 5 uM,
of less than about 1 uM, of less than about 500 nM, of less than about 100 nM, or of less than
about 50 nM; and the compound can also antagonize mAChR My response with an ICso of about
S-fold less, about 10-fold less, about 20-fold less, about 30-fold less, about 50-fold less, about
100~fold less, about 200-fold less, about 300-fold less, about 400-fold less, or greater than about
500-fold less than that for mAChR M. In some embodiments, the compound can have an ICso of
fess than about 10 pM, of less than about 5 pM, of less than about 1 M, of less than about 500
nM, of less than about 100 nM, or of less than about 50 nM; and the compound can also
antagonize mAChR Ma response with an [Cso of about 5-fold less, about 10-fold less, about 20-
fold less, about 30-fold less, about 50-fold less, about 100-fold less, about 200-fold less, about
300-fold less, about 400-fold less, or greater than about 500-fold less than that for mAChR M.
In some embodiments, the compound can have an 1Cso of less than about 10 puM, of less than
about S uM, of less than about T uM, of less than about 500 nM, of less than about 100 nM, or of
iess than about 50 nM; and the compound can also antagonize mAChR My response with an ICso
of about 5-fold less, about 10-fold less, about 20-fold less, about 30-fold less, about 50-fold less,
about 100-fold less, about 200-fold less, about 300-fold less, about 400-fold less, or greater than
about 500-fold less than that for mAChR Ms. In some embodiments, the compound can have an
1Cs0 of less than about 10 M, of less than about 5 uM, of less than about 1 uM, of less than
about S00 nM, of less than about 100 nM, or of less than about 50 nM; and the compound can
also antagorize mACHR Ma response with ICso of 5-fold less, about 10-fold less, about 20-fold
fess, about 30-fold less than that for the Mo-Ms receptors, of about 530-fold less, about 100-fold
less, about 200-fold less, about 300-fold less, about 400-fold less, M2, Ms, or Ms receptors, or
greater than about 500-fold less than that for the mACHR M, Mz, Ms, or Ms receptors.

[80119] In vivo efficacy for disclosed compounds 10 models that predict antiparkinsonian
activity can be measured i a number of prechinical rat models. For example, disclosed
compounds may reverse deficits in motor function induced by the dopamine receptor antagonist
m mice or rats. Also, these compounds may reverse deficits m motor function that are observed

with other manipulations that reduce dopaminergic signaling, such as selective lesions of
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dopamine neurons. In addition, it 1s possible that these compounds will have efficacy 1 animal
models of dystonia and may increase attention, cognitive function, and measures of motivation in
animal models.

3. Pharmaceutical Compositions and Formulations

{00128} The disclosed compounds may be incorporated into pharmaceutical compositions
suitable for administration to a subject (such as a patient, which may be a human or non-human).
The disclosed compounds may also be provided as formulations, such as spray-dried dispersion
formulations.

{00121} The pharmaceutical compositions and formulations may include a “therapeutically
effective amount” or a “prophylactically effective amount” of the agent. A “therapeutically
effective amount” refers to an amount effective, at dosages and for periods of time necessary, to
achieve the desired therapeutic result. A therapeutically effective amount of the composition may
be determined by a person skilled in the art and may vary according to factors such as the disease
state, age, sex, and weight of the individual, and the ability of the composition to elicit a desired
response in the individual. A therapeutically effective amount 1s also one in which any toxic or
detrimental etfects of a compound of the invention (e g., a compound of formula (I)) are
outweighed by the therapeutically beneficial effects. A “prophylactically effective amount”
refers to an amount effective, at dosages and for periods of time necessary, to achieve the desired
prophylactic result. Typically, since a prophylactic dose is used in subjects prior to or at an
earlier stage of disease, the prophylactically effective amount will be less than the therapeutically
effective amount,

{00122] For example, a therapeutically effective amount of a compound of formula (1), may
be about 1 mg/kg to about 1000 mg/kg, about 5 mg/kg to about 950 mg/kg, about 10 mg/kg to
about 900 mg/ke, about 15 mg/kg to about 850 mg/kg, about 20 mg/kg to about 800 mg/ke,
about 25 mg/kg to about 750 mg/ke, about 30 myg/kg to about 700 mg/ke, about 35 mg/kg to
about 650 mg/keg, about 40 mg/kg to about 600 mg/'kg, about 45 mg/kg to about 550 mg/ke,
about 50 mg/kg to about 500 mg/ke, about 55 mg/ke to about 450 mg/kg, about 60 mg/kg to
about 400 mg/keg, about 65 mg/kg to about 350 mg/kg, about 70 mg/kg to about 300 mg/ke,
about 75 mg/kg to about 250 mg/ke, about 80 mg/ke to about 200 mg/kg, about 85 mg/kg to

about 150 mg/kg, and about 90 mg/kg to about 100 mg/ke.
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{00123] The pharmaceutical compositions and formulations may include pharmaceutically
acceptable carriers. The term “pharmaceutically acceptable carrier,” as used herein, means a non-
toxic, inert sohid, semi-solid or hiquid filler, diluent, encapsulating material or formulation
auxihiary of any type. Some examples of materials which can serve as pharmaceutically
acceptable carriers are sugars such as, but not limited to, lactose, glucose and sucrose; starches
such as, but not limited to, corn starch and potato starch; cellulose and its derivatives such as, but
not limited to, sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered
tragacanth; malt; gelatin; tale; excipients such as, but not limited to, cocoa butter and suppository
waxes; oils such as, but not limited to, peanut otl, cottonseed otl, safflower oil, sesame o1, olive
oil, corn oil and soybean oil; glycols; such as propylene glycol; esters such as, but not limited to,
ethyl oleate and ethyl laurate; agar; buffering agents such as, but not limited to, magnesium
hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's
solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
fubricants such as, but not limntted to, sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, releasing agents, coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants can also be present in the composition, according to the judgment
of the formulator.

{00124] Thus, the compounds and thewr physiologically acceptable salts may be formulated for
admunistration by, for example, sohid dosing, eye drop, 10 a topical oil-based formulation,
mjection, inhalation (either through the mouth or the nose), implants, or oral, buccal, parenteral,
or rectal admmustration. Techniques and formulations may generally be found in “Remungton's
Pharmaceutical Sciences,” (Meade Publishing Co., Faston, Pa.}. Therapeutic compositions must
typically be sterile and stable under the conditions of manufacture and storage.

{00125] The route by which the disciosed compounds are administered and the form of the
composition will dictate the type of carrier to be used. The composition may be in a variety of
forms, suitable, for example, for systemic admimstration {e.g., oral, rectal, nasal, sublingual,
buccal, implants, or parenteral} or topical administration (e.g., dermal, pulmonary, nasal, aural,
ocular, iposome delivery systems, or iontophoresis).

{06126] Carners for systemic adnmunistration typically include at least one of diluents,

lubricants, binders, disintegrants, colorants, flavors, sweeteners, antioxidants, preservatives,
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glidants, solvents, suspending agents, wetting agents, surfactants, combinations thereof, and
others. All carriers are optional in the compositions.

{00127} Sutable diluents include sugars such as glucose, lactose, dextrose, and sucrose; diols
such as propviene glycol; calcium carbonate; sodium carbonate; sugar alcohols, such as glycerin;
mannitol; and sorbitol. The amount of diluent(s} in a systemic or topical composition is typically
about 50 to about 90%.

{00128]  Suitable lubricants include silica, talc, stearic acid and its magnesium salts and
calcium salts, calcium sulfate; and liquid lubricants such as polyethylene glycol and vegetable
oils such as peanut oil, cottonseed oil, sesame o1, olive oil, corn o1l and o1l of theobroma. The
amount of lubricant(s} in a systemic or topical composition is typically about 5 to about 10%.
[00129] Suitable binders include polyvinyl pyrrolidone; magnesium alununum silicate;
starches such as corn starch and potato starch; gelatin; tragacanth; and cellulose and its
derivatives, such as sodium carboxymethvicellulose, ethyl cellulose, methylcellulose,
microcrystalline cellulose, and sodium carboxymethylcellulose. The amount of binder(s) ina
systemic composition s typically about S to about 50%.

{00136} Suable disintegrants include agar, alginic acid and the sodium salt thereof,
effervescent mixtures, croscarmellose, crospovidone, sodium carboxymethyl starch, sodium
starch glycolate, clays, and 1on exchange resins. The amount of disintegrant(s} in a systemic or
topical composition 1s typically about 0.1 to about 10%.

{00131] Sutable colorants include a colorant such as an FD&C dye. When used, the amount
of colorant in a systemic or topical composition 1s typically about 0.005 to about 0.1%.

{00132] Suable flavors include menthol, peppermint, and fruit flavors. The amount of
flavor(s), when used, in a systemic or topical composition 1s typically about 0.1 to about 1.0%.
{00133] Sutable sweeteners inchide aspartame and saccharin. The amount of sweetener(s) in
a systemic or topical composition 1s typically about 0.001 to about 1%.

{00134] Sutable antioxidants include butylated hydroxyanisole ("BHA”™), butylated
hydroxytoluene ("BHT™), and vitamin E. The amount of antioxidant{s) in a systemic or topical
compostiion is typically about 0.1 to about 5%.

{60135] Suitable preservatives inchude benzalkonium chioride, methyl paraben and sodium
benzoate. The amount of preservative(s) in a systemic or topical composition 1s typically about

(.01 o about 5%.
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{00136] Sutable ghidants include silicon dioxide. The amount of ghdant(s) in a systemic or
topical composition is typically about 1 to about 5%.

100137} Suitable solvents include water, isotonic saline, ethyl oleate, glycerine, hydroxylated
castor ouls, alcohols such as ethanol, and phosphate buffer solutions. The amount of solvent(s} i
a systemic or topical composition is typically from about 0 to about 100%.

{00138] Suitable suspending agents include AVICEL R{C-591 (from FMC Corporation of
Philadelphia, PA} and sodium alginate. The amount of suspending agent(s) in a systemic or
topical composition s typically about 1 to about §%.

{00139]  Suitable surfactants include lecithin, Polysorbate 80, and sodium lauryl sulfate, and
the TWEENS from Atlas Powder Company of Wilmington, Delaware. Suitable surfactants
include those disclosed in the C.'T F A Cosmetic Ingredient Handbook, 1992, pp.587-592;
Remington's Pharmaceutical Sciences, 15th Ed. 1975, pp. 335-337; and McCutcheon's Volume
1, Emulsifiers & Detergents, 1994, North American Edition, pp. 236-239. The amount of
surfactant(s) n the systemic or topical composition is typically about 0.1% to about 5%.

[00140] Although the amounts of components in the systemic compositions may vary
depending on the type of systemic composition prepared, in general, systemic compositions
mnclude 0.01% to 50% of an active compound {e.g., a compound of formula (1)) and 50% to
9G.99% of one or more carriers. Compositions for parenteral adnumstration typically include
0.1% to 10% of actives and 90% to 99.9% of a carrier including a diluent and a solvent.

{00141] Compositions for oral administration can have various dosage forms. For example,
sohid forms include tablets, capsules, granules, and bulk powders. These oral dosage forms
mclude a safe and effective amount, usually at least about 5%, and more particularly from about
25% to about 50% of actives. The oral dosage composttions include about 50% to about 95% of
carriers, and more particularly, from about 50% to about 75%.

{60142] Tablets can be compressed, tablet triturates, enteric-coated, sugar-coated, film-coated,
or multiple-compressed. Tablets typically include an active component, and a carrier comprising
imgredients selected from diluents, lubricants, binders, disintegrants, colorants, flavors,
sweeteners, ghidants, and combinations thereof Specific diluents include calcium carbonate,
sodium carbonate, mannitol, lactose and cellulose. Specific binders include starch, gelatin, and
sucrose. Specific disintegrants include alginic acid and croscarmellose. Specific lubricants

mclude magnesium stearate, stearic acid, and talc. Specific colorants are the FD&C dyes, which

—39__



WO 2019/152809 PCT/US2019/016300

can be added for appearance. Chewable tablets preferably contain sweeteners such as aspartame
and saccharin, or flavors such as menthol, peppermint, fruit flavors, or a combination thereof.
{00143] Capsules (including implants, time release and sustained release formulations)
typically inclade an active compound {(e.g., a compound of formula (I}), and a carrier including
one or more diluents disclosed above in a capsule comprising gelatin. Granules typically
comprise a disclosed compound, and preferably glidants such as silicon dioxide to improve flow
characteristics. Implants can be of the biodegradable or the non-biodegradable type.

{00144] The selection of ingredients in the carrier for oral compositions depends on secondary
considerations like taste, cost, and shelf stability, which are not critical for the purposes of this
mvention.

{00145] Solid compositions may be coated by conventional methods, typically with pH or
time-dependent coatings, such that a disclosed compound 1s released n the gastrointestinal tract
in the vicinity of the desired application, or at various points and times to extend the desired
action. The coatings typically include one or more components selected from the group
consisting of cellulose acetate phthalate, polyvinyl acetate phthalate, hydroxypropyl methyl
cellulose phthalate, ethyl cellulose, EUDRAGIT® coatings (available from Evonik Industries of
Essen, Germany), waxes and shellac.

[00146] Compositions for oral administration can have hiquid forms. For exarple, suitable
hiquad forms mclude aqueous solutions, emulsions, suspensions, solutions reconstituted from
non-effervescent granules, suspensions reconstituted from non-effervescent granules,
effervescent preparations reconstituted from effervescent granules, elixirs, tinctures, syrups, and
the like. Liquid orally admunistered compositions typically include a disclosed compound and a
carrier, namely, a carnier selected from diluents, colorants, flavors, sweeteners, preservatives,
solvents, suspending agents, and surfactants. Peroral liquid compositions preferably include one
or more ingredients selected from colorants, flavors, and sweeteners.

{00147} Other compositions useful for attaiming systemic delivery of the subject compounds
include sublingual, buccal and nasal dosage forms. Such compositions typically include one or
more of soluble filler substances such as diluents including sucrose, sorbitol and mannitol; and
binders such as acacia, microcrystailine cellulose, carboxymethyl cellulose, and hydroxypropyl
methylcellulose. Such compositions may further include lubricants, colorants, flavors,

sweeteners, antioxidants, and glidants.
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{00148] The disclosed compounds can be topically administered. Topical compositions that
can be applied locally to the skin may be in any form including sohids, solutions, oils, creams,
ointments, gels, lotions, shampoos, leave-on and rinse-out hair conditioners, mitks, cleansers,
moisturizers, sprays, skin paiches, and the like. Topical compositions include: a disclosed
compound (e.g., a compound of formula (I}), and a carrier. The carrier of the topical composition
preferably aids penetration of the compounds into the skin. The carrier may further include one
or more optional components.

{00149} The amount of the carrier employed in conjunction with a disclosed compound 15
sufficient to provide a practical quantity of composition for administration per unit dose of the
compound. Techniques and compositions for making dosage forms useful in the methods of this
mvention are described in the following references: Modern Pharmaceutics, Chapters 9 and 10,
Baoker & Rhodes, eds. (1979); Lieberman et al., Pharmaceutical Dosage Forms: Tablets (1981):
and Ansel, Introduction to Pharmaceutical Dosage Forms, 2nd Ed., (1976).

[00156] A carrier may include a single ingredient or a combination of two or more
ingredients. In the topical compositions, the carrier includes a topical carrier. Suitable topical
carriers nclude one or more mgredients selected from phosphate buffered sahine, 1sotonic water,
deionized water, monofunctional alcohols, symmetrical alcohols, aloe vera gel, allantoin,
glycerin, vitamin A and E oils, mineral oil, propylene glycol, PPG-2 myristyl propionate,
dimethyl 1sosorbide, castor oil, combinations thereof, and the like. More particularly, carriers for
skin applications include propylene glyveol, dimethyl 1sosorbide, and water, and even more
particularly, phosphate buffered saline, 1sotonic water, deionized water, monofunctional
alcohols, and symmetrical alcohols.

{88151] The carrier of a topical composition may further include one or more ingredients
selected from emollients, propellants, solvents, humectants, thickeners, powders, fragrances,
pigments, and preservatives, all of which are optional.

glycervl monoricinoleate, glyceryl

- 2 O

{00152] Sutable emollients include steary] alcohol
monostearate, propane-1,2-diol, butane-1,3-diol, mink otl, cetyl alcohol, sopropyl isostearate,
stearic acid, isobutyl palmitate, isocetyl stearate, oleyl alcohol, isopropy! laurate, hexyl laurate,
decvi oleate, octadecan-2-0l, 1socetyl alcohol, cetyl palmitate, di-n-butyl sebacate, 1sopropyl
myristate, 1sopropy! palmitate, isopropyl stearate, butyl stearate, polyethylene glycol, triethylene

elycol, lanolin, sesame o1l, coconut otl, arachis oil, castor oil, acetylated lanolin alcohols,
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petroleum, mineral oil, butyl mynistate, 1sostearic acid, palmitic acid, 1sopropyl linoleate, lauryi
lactate, myristyl lactate, decyl oleate, myristyl myristate, and combinations thereof. Specific
emollients for skin include stearyl alcohol and polydimethylisiloxane. The amount of emollient(s)
in a skin-based topical composition is typically about 5% to about 95%.

{00153]  Suitable propellants include propane, butane, isobutane, dimethyl ether, carbon
dioxide, nitrous oxide, and combinations thereof. The amount of propellant(s) in a topical
composition is typically about 0% to about 95%.

{60154] Suuable solvents include water, ethyl alcohol, methylene chloride, isopropanol, castor
o1l, ethylene glycol monoethyl ether, diethylene glycol monobutyl ether, diethylene glycol
monoethyl ether, dimethylsulfoxide, dimethyl formanude, tetrahydrofuran, and combinations
thereof. Specific solvents include ethyl alcohol and homotopic alcohols. The amount of
solvent(s) in a topical composition 15 typically about 0% to about 95%.

[00135]  Suitable humectants include glycerin, sorbitol, sodium 2-pyrrolidone-5S-carboxylate,
soluble collagen, dibutyl phthalate, gelatin, and combinations thereof. Specific humectants
nclude glycerin. The amount of humectant(s}) in a topical composttion 1s typically 0% to 95%.
{00156] The amount of thickener(s) in a topical composition 1s typically about 0% to about

9

LA

%.

{00157}  Suable powders include beta-cyclodexiring, hydroxypropyl cyclodextrins, chalk,
talc, fullers earth, kaolin, starch, gums, collowdal silicon dioxide, sodium polyvacrylate, tetra alkyl
ammonium smectites, tralkyl aryl ammonium smectites, chemically-modified magnesium
aluminum silicate, organically-modified montmortllonite clay, hydrated aluminum silicate,
fumed sihica, carboxyvinyl polymer, sodium carboxymethyi cellulose, ethylene glycol
monostearate, and combinations thereof. The amount of powder{s) i1 a topical composition 13
typically 0% to 95%.

{06158] The amount of fragrance in a topical composition is typically about 0% to about
0.5%, particularly, about 0.001% to about 0.1%.

{06159]  Sutable pH adjusting additives include HCT or NaOH in amounts sufficient to adjust
the pH of a topical pharmaceutical composition.

{06168}  The pharmaceutical composition or formulation may antagonize mAChR My with an
1Cs0 of less than about 10 uM, less than about 5 uM, less than about 1 uM, less than about 500

nM, or less than about 100 nM. The pharmaceutical composition or formulation may antagonize
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mAChR M4 with an ICso of between about 10 pM and about 1 nM, about T pM and about 1 nM,
about 100 nM and about 1 nM, or between about 10 nM and about 1 nM.

a. Spray-Dried Dispersien Formulations
{06161}  The disclosed compounds may be formulated as a spray-dried dispersion (SDPD). An
SDD is a single-phase, amorphous molecular dispersion of a drug in a polymer matrix Itisa
solid solution with the compound molecularly “dissolved” in a solid matrix. SDDs are obtained
by dissolving drug and a polymer in an organic solvent and then spray-drying the solution. The
use of spray drying for pharmaceutical applications can result in amorphous dispersions with
mcreased solubility of Biopharmaceutics Classification System (BCS) class If (high
permeability, low solubility) and class IV (low permeability, low solubility) drugs. Formulation
and process conditions are selected so that the solvent quickly evaporates from the droplets, thus
allowing nsutticient time for phase separation or crystallization. SDDs have demonstrated long-
term stability and manufacturability. For example, shelf lives of more than 2 years have been
demonstrated with SDDs. Advantages of SDDs include, but are not limited to, enhanced oral
bioavailability of poorly water-soluble compounds, delivery using traditional solid dosage forms
{e g, tablets and capsules), a reproducible, controllable and scalable manufacturing process and
broad applicability to structurally diverse insoluble compounds with a wide range of physical
properties,
{80162] Thus, 1n one embodiment, the disclosure may provide a spray-dried dispersion
formulation comprising a compound of formuda (I},
4. Methods of Use
[06163] The disclosed compounds, pharmaceutical compositions and formulations may be
used 1m methods for treatment of disorders, such as neurological and/or psychatnic disorders,
associated with muscarinic acetylcholine receptor dysfunction. The disclosed compounds and
pharmaceutical compositions may also be used in methods for decreasing muscarinic
acetylcholine receptor activity in a mammal. The methods further inclhude cotherapeutic methods
for improving treatment outcomes. In the methods of use described herein, additional therapeutic
agent(s) may be administered simultanesusly or sequentially with the disclosed compounds and

compositions.
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a. Treating disorders
{06164] The disclosed compounds, pharmaceutical compositions and formulations may be

used in methods for treating, preventing, ameliorating, controlling, reducing, or reducing the risk

g,
of a variety of disorders, or symptoms of the disorders, in which a patient would benefit from
antagonism of mAChR M. In some embodiments, the disorder may be a neurodegenerative
disorder, a movement disorder, or a brain disorder. The methods may comprise administering to
a subject in need of such treatment a therapeutically effective amount of the compound of
formula (I} or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition
comprising a therapeutically effective amount of a compound of formula (Ijora
pharmaceutically acceptable salt thereof.

{00165] Disorders in which a patient would benefit from antagonism of mAChR Ms may
include neurodegenerative disorders and movement disorders. For example, exemplary disorders
may include Parkinson’s disease, drug-induced Parkinsonism, dvstoma, Touretie’s syndrome,
dyskinesias {e.g., tardive dyskinesia or levodopa-induced dyskinesia), schizophrenia, cognitive
deficits associated with schizophrenia, excessive daytime sleepiness {e.g., narcolepsy), attention
deficit hyperactivity disorder (ADHD), Huntington’s disease, chorea {e.g., chorea associated
with Huntington’s disease), cerebral palsy, and progressive supranuclear palsy.

[00166]  In some embodiments, the disclosure provides a method for treating motor symptoms
m a subject baving Parkinson’s disease, comprising admunistering to a subject in need thereof a
therapeutically effective amount of the compound of formula (I} or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition comprising a therapeutically effective
amount of a compound of formula (I} or a pharmaceutically acceptable salt thereof. In some
embodiments, the motor symptoms are selected from bradvkinesia, tremor, rnigidity, gait
dysfunction, and postural instability. The method may treat the motor symptoms, control the
motor symptoms, and/or reduce the motor symptoms in the subject.

{00167} Insome embodiments, the disclosure provides a method for treating motor symptoms
in a subject having dystonia, comprising admunistering to the subject a therapeutically effective
amount of the compound of formula (I} or a pharmaceutically acceptable salt thereof, ora
pharmaceutical composition comprising a therapeutically effective amount of a compound of

formula (1) or a pharmaceutically acceptable salt thereof. The method may treat the motor
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symptoms, contro] the motor symptoms, and/or reduce the motor symptoms 1n the subject. For
example, treatment may reduce muscle contractions or spasms in a subject having dystonia.
{00168] Insome embodiments, the disclosure provides a method for treating motor symptoms
in a subject having tardive dyskinesia, comprising administering to the subject a therapeutically
effective amount of the compound of formula (I) or a pharmaceutically acceptable salt thereof, or
a pharmaceutical composition comprising a therapeutically effective amount of a compound of
formula (I) or a pharmaceutically acceptable salt thereof. The method may treat the motor
symptoms, control the motor symptoms, and/or reduce the motor symptoms in the subject. For
example, treatment may reduce involuntary movements in a subject having tardive dyskinesia.
{80169] In some embodiments, the disclosure provides a method of preventing or delaying
tardive dyskinesia in a subject at risk of developing tardive dyskinesia, comprising adnunistering
to the subject a therapeutically effective amount of the compound of formula (Iyor a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising a
therapeutically effective amount of a compound of formula (1) or a pharmaceutically acceptable
salt thereof. For exarople, the subject may be a subject being treated with a neuroleptic
medication {e.g, a typical antipsychotic or an atypical antipsychotic), a dopamine antagonist, or
an antiemetic.

{80176] In some embodiments, the disclosure provides a method of treating catalepsy ma
subject suffering from schizophrenia, comprising administering to the subject a therapeutically
effective amount of the compound of formula (I) or a pharmaceutically acceptable salt thereof, or
a pharmaceutical composition comprising a therapeutically effective amount of a compound of
formula (I} or a pharmaceutically acceptable salt thereof. For example, the subject suffering from
schizophrenta may have catalepsy induced by a neuroleptic agent {e.g., a typical antipsychotic or
an atypical antipsychotic).

{06171} In some embodiments, the disclosure provides a method of treating a brain disorder
characterized by altered dopamine and cholinergic signaling that could benefit from antagonism
of mAChR Ma, comprising administering to the subject a therapeutically effective amount of the
compound of formula (1) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition comprising a therapeutically effective amount of a compound of formula (I} ora

pharmaceutically acceptable salt thereof For example, the treatment may increase motivation or
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goal-directed behavior in patients suffering from disorders characterized by reduced motivation
for goal-directed behavior, such as schizophrenia and other brain disorders.

{00172] In some embodiments, the disclosure provides a method for increasing wakefulness
and/or reducing excessive daytime sleepiness in a subject in need thereof, comprising
administering to the subject a therapeutically effective amount of the compound of formula (1) or
a pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising a
therapeutically effective amount of a compound of formula (1) or a pharmaceutically acceptable
salt thereof. In some embodiments, the subject 15 a subject suffering from narcolepsy.

{00173} Insome embodiments, the disclosure provides a method of increasing attention in a
subject {(e.g., a subject suffering from an attention deficit disorder such as ADHD)} in a subject in
need thereof, comprising administering to the subject a therapeutically effective amount of the
compound of formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition comprising a therapeutically effective amount of a compound of formula (T ora
pharmaceutically acceptable salt thereof.

[00174] Insome embodiments, the disclosure provides a method for treating motor symptoms
in a subject having a drug-induced movement disorder, comprising admmnistering the subject a
therapeutically effective amount of the compound of formula (I} or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition comprising a therapeutically effective
amount of a compound of formula (I} or a pharmaceutically acceptable salt thereof. Tn some
embodiments, the drug-induced movement disorder 13 selected from drug-induced parkinsonism,
tardive dyskinesia, tardive dystonia, akathisia, myoclonus, and tremor. The method may treat the
motor symptoms, control the motor symptoms, and/or reduce the motor symptoms in the subject.
{88178] The compounds and compositions may be further useful 1o a method for the
prevention, treatment, control, amelioration, or reduction of risk of the diseases, disorders and
conditions noted herein. The compounds and compositions may be further useful 1n a method for
the prevention, treatment, control, amelioration, or reduction of risk of the aforementioned
diseases, disorders and conditions, in combination with other agents.

{00176] In the treatment of conditions such as those that would benefit from antagonism of
mACHhR My, an appropriate dosage level may be about 0.01 to 500 mg per kg patient body
weight per day, which can be administered in single or multiple doses. The dosage level may be

about 0.1 to about 250 mg/kg per day, or about 0.5 to about 100 mg/kg per day. A suitable
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dosage level can be about 0.01 to 250 mg/kg per day, about 0.05 to 100 mg/kg per day, or about
0.1 to 50 mg/kg per day. Within this range the dosage can be 0.05t6 0.5, 0.5 t0 5 or 5to 50
mg/kg per day. For oral administration, the compositions may be provided in the form of tablets
containing 1.0 to 1000 milligrams of the active ingredient, particularly 1.0, 5.0, 10, 15, 20, 25,
50, 75, 100, 150, 200, 250, 300, 400, 500, 600, 750, 800, 900, or 1000 milligrams of the active
mgredient for the symptomatic adjustment of the dosage to the patient to be treated. The
compounds can be administered on a regimen of 1 to 4 times per day, preferably once or twice
per day. This dosage regimen can be adjusted to provide the optimal therapeutic response. It will
be understood, however, that the specific dose level and frequency of dosage for any particular
patient can be varied and will depend upon a variety of factors including the activity of the
specific compound employed, the metabolic stability and length of action of that compound, the
age, body weight, general health, sex, diet, mode and time of admimistration, rate of excretion,
drug combmation, the severity of the particular condition, and the bost undergoing therapy.
{00177}  Thus, in some embodiments, the disclosure relates to a method for antagonizing the
mAChR M receptor in at least one cell, comprising the step of contacting the at least one cell
with at least one disclosed compound or at least one product of a disclosed method mn an amount
effective to antagonize mAChR My in the at least one cell. In some embodiments, the cell is
mammalian, for example, human. In some embodiments, the cell has been 1solated from a
subject prior to the contacting step. In some embodiments, contacting 1s via adminisiration to
subject.

{80178] Insome embodiments, the invention relates to a method for antagonizing the mACHR
M receptor in a subject, comprising the step of adnumistering to the subject at least one
disclosed compound or at least one product of a disclosed method in a dosage and amount
effective to antagonize the mAChR M receptor in the subject. In some embodiments, the subject
is mammalian, for example, human. In some embodiments, the mammal has been diagnosed
with a need for mAChR Mu antagonism prior to the admimistering step. In some embodiments,
the mammal has been diagnosed with a need for mAChR M antagonism prior to the
administering step. In some embodiments, the method further comprises the step of identifying a

subject in need of mAChR M antagonism.
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b. Antagonism of the Muscarinic Acetylcholine Receptor
{06179] In some embodiments, the disclosure relates to a method for antagonizing mAChR
Ma 1n a mammal, comprising the step of administering to the mammal an effective amount of at
least one disclosed compound or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition comprising at least one disclosed compound or pharmaceutically acceptable salt
thereof.
{00188] Insome embodiments, antagonism of the muscarinic acetylcholine receptor decreases
muscarinic acetyicholine receptor activity.
{00181] Insome embodiments, the compound administered antagonizes mAChR M with an
1Cs0 of less than about 10 uM, less than about 5 uM, less than about 1 uM, less than about 500
nM, or less than about 100 nM. In some embodiments, the compound administered antagonizes
mAChR My with an ICso of between about 10 uM and about | nM, about 1 M and about 1 nM,
about 100 nM and about 1 nM, or about 10 oM and about 1 nM.
[00182] In some embodiments, the mammal is a human. In some embodiments, the mammal
has been diagnosed with a need for reduction of muscarinic acetylcholine receptor activity prior
to the administering step. In some embodiments, the method further comprises the step of
identifying a mammal in need of reducing muscarinic acetylcholine receptor activity. Tn some
embodiments, the antagonism of the muscarinic acetylcholine receptor treats a disorder
associated with muscarinic acetylcholine receptor activity in the mammal. In some embodiments,
the muscarinic acetylcholine receptor 15 mAChR M.
[80183] Insome embodiments, antagonism of the muscarinic acetylcholine receptor in a
mammal 1s associated with the treatment of a disorder associated with a muscarinic receptor
dystunction, such as a disorder disclosed heremn. In some embodiments, the muscarinic receptor
1s mAChR Mg
{06184] In some embodiments, the disclosure provides a method for antagonizing the
muscarinic acetylcholine receptor in a cell, comprising the step of contacting the cell with an
effective amount of at least one disclosed compound or a pharmaceutically acceptable salt
thereof. In some embodiments, the cell is mammalian (e g, human). In some embodiments, the
cell has been i1solated from a mammal prior to the contacting step. In some embodiments,

contacting 1s via administration to a mammal.

— 48—



WO 2019/152809 PCT/US2019/016300

¢. Cotherapeutic methods
{06185]  The present disclosure is further directed to administration of a mAChR My
antagonist, such as a selective mAChR My antagonist, for improving treatment outcomes. That
is, in some embodiments, the disclosure relates to a cotherapeutic method comprising a step of
administering to a mammal an effective amount and dosage of at least one disclosed compound,
or a pharmaceutically acceptable salt thereof.
[00186] Insome embodiments, administration improves treatment outcomes in the context of
cognitive or behavioral therapy. Administration in connection with cognitive or behavioral
therapy can be continuous or intermittent. Administration need not be simultaneous with therapy
and can be before, during, and/or after therapy. For example, cognitive or behavioral therapy can
be provided within 1, 2, 3, 4, 5, 6, 7 days before or after administration of the compound. Asa
further example, cognitive or behavioral therapy can be provided within 1, 2, 3, or 4 weeks
before or after adnunistration of the compound. As a still further example, cognitive or
behavioral therapy can be provided before or after administration within a period of time of 1, 2,
3,4,5,6,7, 8,9, or 10 half-lives of the administered compound.
[06187] In some embodiments, administration may improve treatment outcomes in the context
of physical or occupational therapy. Admimustration in connection with physical or occupational
therapy can be continuous or mtermittent. Administration need not be simultaneous with therapy
and can be before, during, and/or after therapy. For example, physical or occupational therapy
can be provided within 1, 2, 3, 4, 5, 6, 7 days before or after admmistration of the compound. As
a further example, physical or occupational therapy can be provided within 1, 2, 3, or 4 weeks
before or after admmistration of the compound. As a still further example, physical or
occupational therapy can be provided before or after administration within a period of time of 1,
2,3,4,5.6,7, 8,9, or 10 half-lives of the administered compound.
{06188] It 1s understood that the disclosed cotherapeutic methods can be used in connection
with the disclosed compounds, compositions, kits, and uses.

d. Combination Therapies
{0018%] In the methods of use described herein, additional therapeutic agent{s} may be
admunistered simultanecusly or sequentially with the disclosed compounds and compositions.
Sequential administration includes administration before or after the disclosed compounds and

compositions. In some embodiments, the additional therapeutic agent or agents may be
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administered in the same composition as the disclosed compounds. In other embodiments, there
may be an interval of time between admimistration of the additional therapeutic agent and the
disclosed compounds. In some embodiments, administration of an additional therapeutic agent
with a disclosed compound may allow lower doses of the other therapeutic agents and/or
administration at less frequent intervals. When used in combination with one or more other
active ingredients, the compounds of the present invention and the other active ingredients may
be used in lower doses than when each is used singly. Accordingly, the pharmaceutical
compositions of the present invention include those that contain one or more other active
ngredients, in addition to a compound of Formula (I}, The above combinations include
combinations of a compound of the present invention not only with one other active compound,
but also with two or more other active compounds.

{00196] The disclosed compounds can be used as single agents or in combination with one or
more other drugs in the treatment, prevention, control, amehioration or reduction of risk of the
aforementioned diseases, disorders and conditions for which the compound or the other drugs
have utility, where the combination of drugs together are safer or more effective than either drug
alone. The other drug(s) can be administered by a route and 1n an amount commonly used
therefor, contemporaneously or sequentially with a disclosed compound. When a disclosed
compound s used contemporaneously with one or more other drugs, a pharmaceutical
composition in unit dosage form containing such drugs and the disclosed compound may be
used. However, the combination therapy can also be administered on overlapping schedules. Tt 13
also envisioned that the combination of one or more active ingredients and a disclosed compound
can be more efficacious than either as a single agent. Thus, when used 1n combination with one
or more other active ingredients, the disclosed compounds and the other active ingredients can be
used in lower doses than when gach is used singly.

{06191} The pharmaceutical compositions and methods of the present invention can further
comprise other therapeutically active compounds as noted herein which are usually apphied in the
treatment of the above mentioned pathological conditions.

{00192] The above combinations include combinations of a disclosed compound not only with
one gther active compound, but also with two or more other active compounds. Likewise,
disclosed compounds can be used in combination with other drugs that are used in the

prevention, treatment, control, amelioration, or reduction of risk of the diseases or conditions for
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which disclosed compounds are useful. Such other drugs can be administered, by a route and in
an amount commonly used therefor, contemporaneously or sequentially with a compound of the
present invention. When a compound of the present invention is used contemporaneously with
one or more other drugs, a pharmaceutical composition containing such other drugs in addition
to a disclosed compound is preferred. Accordingly, the pharmaceutical compositions include
those that also contain one or more other active ingredients, in addition to a compound of the
present invention.

{00193] The weight ratio of a disclosed compound to the second active ingredient can be
varied and will depend upon the effective dose of each mgredient. Generally, an effective dose of
each will be used. Thus, for example, when a compound of the present invention 15 combined
with another agent, the weight ratio of a disclosed compound to the other agent will generally
range from about 1000:1 to about 1:1000, preferably about 200:1 to about 1:200. Combinations
of a compound of the present invention and other active ingredients will generally also be within
the aforementioned range, but in each case, an etfective dose of each active ingredient should be
used.

{00194]  In such combinations a disclosed compound and other active agents can be
administered separately or in coryunction. In addition, the administration of one element can be
prior to, concurrent to, or subsequent to the admuimstration of other agent{s).

[801958] Accordingly, the disclosed compounds can be used alone or 1n combination with
other agents which are known to be beneficial in the subject indications or other drugs that affect
receptors or enzymes that either increase the efficacy, safety, convenience, or reduce unwanted
side effects or toxicity of the disclosed compounds. The subject compound and the other agent
can be coadmunistered, either 1n concomitant therapy or n a fixed combination.

{00196] In some embodiments, the compound can be emploved 1n combination with any other
agent that 1s used to treat a disorder described herein, such as a standard of care therapy fora
disorder that would benefit from mAChR Maantagonism, such as a disorder described herein.
For example, in some embodiments, the compound can be emploved in combination with a
Parkinsonian drug {g.g., L-DOPA, or carbidopa/levodopa) an mGlus positive allosteric
modulator, an m{lus negative allosteric modulator, an A»A inhibitor, a T-type calcium channel
antagonist, a VMAT?2 inhibitor, a muscle relaxant {e.g., baclofen), an anticholinergic agent, an

antiemetic, a typical or atypical neuroleptic agent (e g, risperidone, ziprasidone, haloperidol,
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pimozide, fluphenazine), an antihypertensive agent (e.g., clonidine or guanfacine), a tricyclic
antidepressant {e.g., amutriptvline, butriptyline, clomipramine, desipramine, dosulepin, doxepin,
imipramine, iprindole, lofepramine, nortriptyline, protriptyline, or trimipraming) an agent that
imcreases extracetlular dopamine levels {e.g., amphetamine, methylphenidate, or
lisdexamfetanmine}, an agent for treating excessive daytime sleepiness (e.g., sodium oxybate or a
wakefulness-promoting agent such as armodafinil or modafinil), and a norepinephrine reuptake
mhibitor (including selective NRIs, e g , atomoxetine, and non-selective NRUs, e g., bupropion}.
e, Modes of Administration
{00197} Methods of treatment may include any number of modes of administering a disclosed
composition. Modes of administration may include tablets, pills, dragees, hard and soft gel
capsules, granules, pellets, agueous, lipid, otly or other solutions, emulsions such as otl-in-water
emulsions, liposomes, aqueous or oily suspensions, syrups, elixirs, solid emulsions, sohid
dispersions or dispersible powders. For the preparation of pharmaceutical compositions for oral
adminustration, the agent may be adnuxed with commonly known and used adjuvants and
excipients such as for example, gum arabic, talcum, starch, sugars (such as, e.g., mannitose,
methyl cellulose, lactose), gelatin, surface-active agents, magnesium stearate, aqueous of non-
aqueous solvents, paraffin derivatives, cross-linking agents, dispersants, emulsifiers, lubricants,
conserving agents, flavoring agents {e.g., ethereal oils), solubility enhancers (e.g., benzyl
benzoate or benzyl alcohol) or broavailability enhancers {e.g. Gelucire™), In the pharmaceutical
composition, the agent may also be dispersed in a microparticle, e.g. a nanoparticulate
composition.
[00198] For parenteral administration, the agent can be dissolved or suspended in a
physiologically acceptable diluent, such as, e.g., water, buffer, oils with or without solubilizers,
surface-active agents, dispersants or emulsifiers. As oils for example and without himitation,
olive oif, peanut oil, cottonseed oil, soybean oil, castor o1l and sesame o1l may be used. More
generally spoken, for parenteral administration, the agent can be n the form of an aqueous, lipid,
oily or other kind of solution or suspension or even admunistered in the form of hiposomes or
RAnG-suUSPensions.
{06199]  The term “parenterally,” as used herein, refers to modes of admunistration which
include intravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous and intraarticular

mjection and infusion.
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8. Kits
{062060]  In one aspect, the disclosure provides a kit comprising at least one disclosed
compound or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition
comprising at least one disclosed compound or a pharmaceutically acceptable salt thereof and
one or more of;

{(a} atleast one agent known to increase mAChR Ms activity;

{b) at least one agent known to decrease mAChR M activity;

{c} atleast one agent known to treat a disorder associated with mAChR My, such as a

disorder described herein; and

(d} mstructions for administering the compound.
{00281} Insome embodiments, the at least one disclosed compound and the at least one agent
are co-formulated. In some embodiments, the at least one disclosed compound and the at least
one agent are co-packaged. The kits can also comprise compounds and/or products co-packaged,
co~-formulated, and/or co-delivered with other components. For example, a drug manufacturer, a
drug reseller, a physician, a compounding shop, or a pharmacist can provide a kit comprising a
disclosed compound and/or product and another component for delivery to a patient.
{002082]  That the disclosed kits can be employed in connection with disclosed methods of use.
{00203]  The kits may further comprise information, mstructions, or both that use of the kit
will provide treatment for medical conditions 1o mammals {particalarly humans). The
mformation and mstructions may be in the form of words, pictures, or both, and the ike. In
addition or in the alternative, the kit may inclade the compound, a composition, or both, and
mformation, mstructions, or both, regarding methods of application of compound, or of
composition, preferably with the benefit of treating or preventing medical conditions 1n
mammals (e.g., humans}.
{062064] The compounds and processes of the invention will be better understood by reference
to the following examples, which are intended as an illustration of and not a limitation upon the
scope of the mvention.
6. Examples
[60205]  All NMR spectra were recorded on a 400 MHz AMX Bruker NMR spectrometer. 'H
chemical shifts are reported 1n & values i ppm downfield with the deuterated solvent as the

mternal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, bs =

(94
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broad singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, m = multiplet, ABg =
AB quartet), coupling constant, integration. Reversed-phase LUMS analysis was performed
using an Agilent 1200 system comprised of a binary pump with degasser, high-performance
autosampler, thermostatted column compartment, C18 column, diode-array detector (DAD) and
an Agilent 6150 MSD with the following parameters. The gradient conditions were 5% to 95%
acetontirile with the aqueous phase 0.1% TFA in water over 1.4 minutes. Samples were
separated on a Waters Acquity UPLC BEH C18 column (1.7 pm, 1.0 x 50 mm) at 0.5 mL/min,
with column and solvent temperatures maintained at 55 °C. The DAD was set to scan from 190
to 300 nm, and the signals used were 220 nm and 254 nm {both with a band width of 4nm). The
MS detector was configured with an electrospray ionization source, and the low-resolution mass
spectra were acquired by scanning from 140 to 700 AMU with a step size of 0.2 AMU at 0.13
cycles/second, and peak width of 0.008 minutes. The drving gas flow was set to 13 liters per
minute at 300 °C and the nebulizer pressure was set to 30 psi. The capillary needle voltage was
set at 3000 V| and the fragmentor voltage was set at 100V, Data acquisition was performed with
Agilent Chemstation and Analytical Studio Reviewer software.

[00206]  Abbreviations used in the examples that follow include the following: BrettPhos-Pd-
G318 [{(2-di-cyclohexylphosphino-3,6-dimethoxy-2', 4, ¢ ~trusopropyl-1,1-biphenyi}-2-(2'-
amino-1,1 -biphenylpalladium(H) methanesulfonate (CAS Number 1470372-59-8); DCE 15
1,2-dichloroethane; DCM 1s dichloromethane; DIPEA s N N-dusopropylethylanune; DMF 15

N N-dimethyiformanide; DMSO 1s dimethyl sulfoxide; EtOAc 1s ethyl acetate; eq. 18
equivalent{s}; Fmoc s fluorenyimethyloxycarbonyl; h is hour(s); IPA 1s tsopropyl aleohol;
MeOH 13 methanol; min s minute(s); 0-BuOH 1s n-butyl alcohol; 1t or .1, 1s room temperature;
RuPhos-Pd-G3 1s {2-dicyclohexylphosphinoe-27,6'~-duisopropoxy-1, 1 -bipheny !} 2-(2"-amino-1,1'-
biphenyl}|palladium{il) methanesulfonate (CAS Number 1445085-77-7), TFA 1s trifluoroacetic
actd; and THF 1s tetrahydrofuran.

Example 1. (1R,58,65)-3-(3,3-dimethylbutyl}-V-[6-(1,3-dimethylpyrazol-4-vlipyridazin-3-
vi}-3-azabicycle]3.1.0}hexan-6-amine {Compound i)

Tert-butyl (1R,55,65)-6-{(6-chloropyridazin-3-yhamino]-3-azabicyclo[3.1.0thexane-3-

carboxylate
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{802087] (1R,55,65)-Tert-buty! 6-amino-3-azabicyclof3. 1.0lhexane-3-carboxylate (CAS No.
273206-92-1) (250 mg, 1.26 mumol, 1.0 eq.} was dissolved 10 #-BaOH (6.3 mL, 0.2 M). DIPEA

“Boc

{0.66 mL, 3.78 mmol, 3.0 eq.} was added followed by 3,6-dichloropyridazine (564 mg, 3.78
mmol, 3.0 eq.). The reaction nuxture was stirred at 100 °C overnight, after which time the
reaction was cooled to 1.t and diluted with DCM and sat. soln. NaHC(Os. The aqueous layer was
extracted with IPA/CHCI3 (1:3, 3x}. The combined extracts were dried over NaxSQq, filtered and
concentrated. The crude residue was purified by flash column chromatography on silica gel (0-
40% EtOAc/hexanes then 40-80% EtOAc/DCM) to provide the title compound as a yellow
viscous oil (150 mg, 38%). "H-NMR (400 MHz, DMSO-ds) § 7.51 (s, 1H), 7.43 (d, J = 9.3 Hz,
1H), 6.97(d, /=94 Hz, 1H)},3.56(d, /=108 Hz, 2H)}, 2.41-3.55 (m, 2H), 2.34-2.30 (m, 1H)},
1.73-1.66 (m, 2H), 1.39 (s, OH); ES-MS [M+H[" = [M+H]" — tButyl = 255.3.

Tert-butyl (1R,55,65)-6-{{6-( 1.3-dimethylpyrazol-d-yDpyridazin-3-yl amine|-3-

azabicycio]3.1.0thexane-3-carboxyiate

H H
AN N, T
NS ’
NH\/;/ > Z?N
—N ] H “Boc
NN

{00208]  Tert-butyl (1R, 58,065)-6-[{6-chloropyridazin-3-yljamino}-3-azabicyclo{3.1 Olhexane-
3-carboxylate (150 mg, 0.48 mmol, 1.0 eq.}, 1,3-dimethylpyrazole-4-boronic acid pinacol ester
{182 mg, 0.821 mmol, 1.7 eq.}, KoC O3 (203 me, 1.45 mmol, 3.0 eq.) and BretiPhos-Pd-G3 (22
mg, 0.024 mmol, 0.05 eq.) were charged into a reaction vial. A degassed mixture of 5:1 (v/v)

L 4-dioxane/H20 (3.1 ml) was added. The resulting suspension was stirred at 100 °C for 1 hour.
After cooling to r.t., the reaction nuxture was filtered through a pad of Celite which was washed
thoroughly with EtOAc. The filtrate was concentrated under reduced pressure. The crude residue
was purified by flash column chromatography (0-70% EtOAc/hexanes then 0-75%
MeOH/DCM/NHLOH (10:89:1) in DCM) to give the title compound as a pale yellow oil (85 mg,
47%). ES-MS [M+H]"= 371 3,
{(1R,55,65)-N-[6~(1,3-dimethylpyrazol-4-yl)pyridazin-3-vl}-3-azabicyclo[3.1.0hexan-6-

amine dihydrochloride

(v
A
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{06209]  Tert-butyl (1R,58,65)-6-{{6-(1,3-dimethylpyrazol-4-yhpyridazin-3-vljamino-3-
azabicyclo[3.1.0thexane-3-carboxylate (85 mg, 0.229 mmol, 1.0 eq.) was dissolved in 1 4-
dioxane {2.0 mbL}. 4M HCl in 1,4-dioxane solution (1.0 mL, 4.0 mmol, 17.4 eq.) was added
dropwise. After stirring 2 hours at r.t., solvents were removed under reduced pressure. The crude
material was azeotroped with toluene (3x) to provide the title compound as an off white powder
which was used without further purification as the HCI salt. ES-MS [M+H]" =271 4.
{(1R,58,651-3-(3,3-dimethyibutyl}-N-[6-(1,3-dimethylpyrazol-4-yi)pyridazin-3-vi}]-3-

azabicyelo|3.1.0lhexan-6-amine (Compound 1)

{00218] (1R, 55,65)-N-[6-(1,3-dimethyipyrazol-4-yhipvridazin-3-vi}-3-azabicyclo{3.1 Olhexan-
6-amine dihydrochloride) (18 mg, 0.052 mmol, 1.0 eq.) was suspended in DCE (1.0 mL} and
acetic acid {0.1 mL}. 3 3-dimethylbutyraldehyde {(26.3 uL, 0.262 mmol, 5.0 eq.) was added. The
mixture was stirred at 50 °C for 1 h and sodium triacetoxyborohydride {(55.5 mg, 0.262 mmol.
5.0 eq.) was added. The resulting solution was stirred at 1t for 16 h, after which time the reaction
mixture was quenched with sat. soln. NaH(COs, and extracted with chloroforn/IPA (311, v/v).
The combined extracts were filtered through a phase separator and concentrated. The crude
residue was purified by reverse phase HPLC to give the title compound as a pale yellow powder
(3.0 mg, 16%). 'H-NMR (400 MHz, DMSO-d6) § 8.03 (s, 1H), 7.47 (d, J = 9.2 Hz, 1H), 6.96 (d,
J=27Hz, 1H), 6.84 (d, /=93 Hz, 1H), 3.79 (5, 3H), 3.13 (d, /= 8.7 Hz, 1H), 2.79-2.76 (m,
1H), 2.39 (s, 3H), 2.37-2.35 (m, 1H), 2.29 (d, /= 8.3 Hz, 2H), 1.53-1.49 (m, 2FH), 1.35-1.31 (m,
2H), 0.88 (s, 9H); ES-MS [M+H] = 3555,

[00211] The compounds shown in Table 1 were prepared similarly to Compound 1, with
appropriate starting materials.

Table
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Cpd. . ‘ ES-MS
No. Name Structure (M1

{1R,58,65)-3-(5-bicyclo[2.2.1 Thept-2- /YE”' d “
~ . sitvo e Ym"_~ 2. AP , 1oy - | E AV, j i
5 enylmethyl3-N-[6-(1,3-dimethylpyrazol | f'%/LN’N HQ{Nﬁ 377 4

4-yhpyndazin-3-yi}-3- '“N‘N::I
azabicyclo[3.1 Olhexan-6-amine o~
(IR,58,65)-N-[6-(1,3-dimethvipyrazol- r{/,\l/*\} o
~hipvridazin-3-v11-3-(2.3 3- T v ,

3 | 4yDpyridazin3-yl]-3-2.3,3 s (2 369.4
trimethylbutyl}-3- N‘w‘&

azabicyclof3.1 Olhexan-6-amine

Example 2. (1R,585,65)-NV-{{(6-(1.3-dimethyl-1H-pyrazel-4-yl)pyridazin-3-yhmethyl)-3-(3,3-
dimethyibutyl}-3-azabicyclo|3.1.0lhexan-6-amine (Compound 4}
Tert-butyl (1R,55,65)-6-(({6-chioropyridazin-3-ymethyl)amine)-3-azabicyclo[3.1.0 hexane-

3-carboxylate

c—¢ N 2[\_‘/{0
N=N HNee N
o

{06212}  6-chloro-3-pyridazinecarboxaldehvde (300 mg, 2.10 mmol} was dissolved in BDCE
(10 mL) and tert-butyl (1R,58,6s}-6-amino-3-azabicvclof[3.1.0thexane-3-carboxylate (626 mg,
3.16 mmol) was added. The resulting solution was stirred at r.t. for 30 mun, after which time
sodium triacetoxyborohydride (669 mg, 3.16 mmol} was added. The resulting mixture was
stirred at r.t. overnight, after which time the reaction was quenched with sat. NaHCOs, and the
aqueous layer was extracted with DCM and 3.1 chloroform/IPA. The collected organic extracts
were filtered through a phase separator and concentrated, and crude residue was purified by RP-
HPLC. Fractions containing product were extracted with 3:1 chloroform/IPA, and combined
organic extracts were dried with Na:SQOa. Solvents were filtered and removed to give the title
compound as a slightly vellow oil (251 mg, 37%). 'H-NMR (400 MHz, CDClz) § 7.50 — 7.25 (m,
ZH), 4.17 - 4.08 (m, 2H), 3.52(d, /=109 Hz, 1H), 3.44 (d, /= 10.9 Hz, 1H), 3.37 - 3.29 (m,
2H), 2.01 (¢, J=2.1 Hz, 1H), 1.60 — 1.54 (m, 2H), 1.42 (s, OH). ES-MS [M+H]" = 2254 (-
BOC).

Tert-butyl (1KR,58,68)-6-{{{6-(1,3-dimethyl-1H-pyrazol-4-yi)pyridazin-3-vi)methyl jamine)-3-

azabicyclio|3.1.0thexane-3-carboxyiate

3

(v
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{00213]  Tert-butyl (1R,55,65)-6-({{6-chloropyridazin-3-ylymethyljamino}-3-

azabicyclo[3.1. Othexane-3-carboxylate (91 mg, 0.28 mmol}, 1,3-dimethylpyrazole-4-boronic
acid pinacol ester {75 mg, 0.34 mmol)}, KoCO3 (118 mg, 0.84 mmol) and RuPhos-Pd-G3 (23 mg,
0.028 mmol) were combined 1n a sealed vial which was placed under an nert atmosphere. 1,4~
dioxanes/H2O solution (5.1, 2 mL, degassed) was then added via syringe, and the resulting
solution was heated to 100 °C for 2 b, after which time the reaction was cooled to r.t. and diluted
with sat. NaHCO: and DCM. The aqueous laver was extracted with DCM (2x), and organic
extracts were filtered through a phase separator and concentrated, and crude residue was purified
by RP-HPLC. Fractions containing product were extracted with 3:1 chloroform/IPA, and the
combined organic extracts were filtered through a phase separator and concentrate to give the
title compound as a colorless oil (56 mg, 52%). TH-NMR (400 MHz, CDC13) 6 7.92 (5, 1H), 7.54
(d, J= 8.7 Hz, 1H), 7.39(d, J= 8.7 Hz, 1H), 4.16 - 4.06 {m, 2F), 3.91 (5, 3H), 3.53 (d,.J= 10.9
Hz, 1H), 3.45(d, J= 10.8 Hz, 1F), 3.38 - 3.30 {m, 2F), 2.57 (s, 3H), 2.03 (t. J = 2.1 Hz, 1H),
1.61 —~ 1.56 (m, 2H), 1 .41 (s, 9H). ES-MS [M+H]| = 385.4.

{(OH-Flaoren-9-yhimethyl ((1R,58.65)-3-azabicyelo{3. 1.0l hexan-6-yH{{6-{1,3-dimethyl- 1 /-

pyrazol-d-yhpyridazin-3-yhimethylhcarbamate 2,2,2-trifluorocacetate

A
NS =N
o

[00214]  Tert-butyl (1R,55,6s)-6-({(6-(1,3-dimethyl-1 H-pyrazol-d-yhpyridazin-3-
ylimethyhlamino}-3-azabicyclo[3. 1.0thexane-3-carboxylate (55 mg, 0.14 mmol) was dissolved in
THF (1 mL) and cooled to 0 °C. DIPEA (6.032 mL, 0.19 ramol} and Fmoc-Ci (41 mg, 0.16
mmol) were then added sequentially, and the resulting solution was stirred at 0 °C for 1.5 h, after
which time the reaction was quenched with HzO, and the aqueous layer was extracted with

DCM. The combined organic extracts were filtered through a phase separator and concentrated,
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and the resulting yellow foam was dried under vacuum and used directly without further
purification. ES-MS [M+H] = 607.3.

{00215] The residue was dissolved in BCM (2 mbL) and TFA (6.5 mL) was added dropwise.
The resulting solution was stirred at r.t. for 30 mun, after which time solvents were removed
under reduced pressure to give the title compound as a vellow o1l which was dried under vacuum
and used directly without further purification {89 mg, 100%). ES-MS [M+H] = 5074
{(1R.55,65)-N-{{6-{1,3-dimethyl-1 H-pyrazol-4-vijpyridazin-3-yijmethyl}-3-(3,3-

dimethyibutyl}-3-azabicyclo]3. 1.0 hexan-6-amine (Compound 4}

™~
Ny /N TN _/_<;
N2 =N HNH-@/\/N

4 H
[00216] (OH-Fluoren-9-yhmethyl ((1R,55,65}-3-azabicyclof3.1 . Othexan-6-y1){{(6-(1,3-
dimethyl-1H-pyrazol-d-yvhpyridazin-3-ymethyjcarbamate 2,2, 2-trifluoroacetate (29.6 mg,
0.048 mmol) was dissolved in DCM (1 mL} and 3,3-dimethylbutyraldehyde (23.8 mg, 0.24
mmol} was added, followed by sodium triacetoxyborohydride (50.5 mg, 0.24 mmotl). The
resulting solution was stirred at 1.t. for 1.5 h, after which time the reaction was quenched with
Hz0, and extracted with DCM and 3:1 chloroform/IPA. The organic extracts were filtered
through a phase separator and concentrated, and the residue was taken up in a 20% sohution of
piperidine in DMF {v/v, 1 mL}, and stirred for 20 nun, after which time the crude residue was
purified directly by RP-HPLC. Fractions containing product were basified with saturated
NaHCOs, and extracted with 3:1 chloroform/IPA. The combined organic extracts were filtered
through a phase separator and concentrated to give the title compound as a white solid (4.9 mg,
28%). 'H-NMR (400 MHz, CDCls) 8 7.90 (s, 1H), 7.51 (d, /=8.7 Hz, 1H), 7.41 (d, J = 8.7 Hz,
1H), 4.09 (s, 2H), 3.91 (s, 3H), 3.03 (d, J=8.9 Hz, 2H), 2.56 (5, 3H), 2.49 - 2.47 (m, 1H), 2.36 -
2.30 (m, 4HL), 1.46 — 1.44 (m, 2H), 1.32 — 1.28 (m, 2H), 0.85 (s, 9H). ES-MS [M+H]" =369.5.
{00217} The compounds shown in Table 2 were prepared similarly to Compound 4, with

appropriate starting materials.

Table 2
Cpd. o ES-MS
No. Mame structure M1

50
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Cgf" Name Structure ?@ﬂiﬁ
(1R,58,65)-N-{{6-{2-chloro-5-fluoro- ol
phenyhpyridazin-3-vlimethyi}-3-(3,3- Ty B v
5 . ; 4 . }
: dimethylbutyl)-3- §/—4 el e u/ N 4034
azabicyclo{3.1.0lhexan-6-amine H
(1R,58,65)-N-((0-(2-chloro-S-fluoro- o C>
phenylpyridazin-3-ylimethyl)-3- - >_\ H 415
6 {cyclohexylmethyi}-3- F)“"] NN HN N/ 4134
azabicyclo{3.1. Olhexan-6-amine H
{(1R,58,65)-3-(cyclohexylmethy}-NV-{{6- | ~ NN 9y <—\
" (1,3-dimethylpyrazol-4-yvlpyridazin-3- {%‘N__pf’—,}pd, v"; NF} 381 5
! yi}methyl}-3-azabicyclo[3.1.0}hexan-6- e -
amine
[60218] Example 3. (1R,58,65)-NV-(6-(2-chlorophenylipyridazin-3-y1}-3-({tetrahydro-

2H-pyran-4-yhmethyl)-3-azabicyclo[3.1.0}hexan-6-amine

H H

N, 3

Sy M gt
LIS
Ci TN T NN
HCl

{00219} {1R, 55,65} V-(6-chloropyridazin-3-yi}-3-azabicycle|3.1.0}hexan-6-amine
hydrochloride, tert-butyl (1R, 35,65)-0-({6-chloropyridazin-3-yhamino}-3-
azabicyclo[3.1.0lhexane-3-carboxylate (409 mg, 1.32 mmol} was dissolved in 1 4-dioxane (8
mkb ) and MeOH (3 mL}, and a solution of 4M HCI in dioxanes {4 mL) was added dropwise. The
resulting cloudy solution was stirred at r.t. for 2 h, after which time solvents were concentrated

under reduced pressure, and the resulting white solid was dried under vacuum and used directly

without further purification (325 g, 100%). ES-MS [M+H] =211.4.

4ob
swcle
Ci//‘\NGN H\“ N

{00220] {1R,55,65)-N-{6-chloropyridazin-3-y1}-3-({tetrahydro-2H-pyran-4-yimethyl)-
3-azabicyclo]3.1.0}hexan-6-amine. (1R, 35 0s)-N-(6-chloropyridazin-3-yi}-3-

azabicyclof3.1 Olhexan-6-amine hydrochloride (325 mg, 1.32 mmol} was suspended m DCM (4
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mb} and THF (4 mL) and 4-oxanaldehyde {451 mg, 3.95 mmol} was added, followed by sodum
triacetoxyborohvdride (837 mg, 3.95 mmol). The resulting solution was stirred at 7.t for 1 h,
after which time the reaction mixture was quenched with saturated NaHCO3, and extracted with
DCM and 3:1 chloroform/IPA (v/v). The combined organic extracts were filtered through a
phase separator, and concentrated under reduced pressure. The crude residue was purified by RP-
HPLC (2-32% MeCN mn 0.1% TFA aqueous solution over 20 nmin). Fractions containing product
were basified with saturated NaHCOs, and extracted with 3:1 chlorofornvIPA. The combined
organic extracts were dried with MgS8Q0s, and solvents were filtered and concentrated under
reduced pressure to give the title compound as a white solid (288 mg, 71%). "H-NMR (400
MHz, CDCE) §7.21 (d, /= 9.3 Hz, 1H), 6.91 (d, /= 9.3 Hz, 1H), 6.06 (br, 1H), 3.92 (dd, J =
11.1,3.6 Hz, 2H), 334 (td, J=12.0, 1 7Hz, 2H), 3.13 (d, /=88 Hz, ZH), 2.78 (s, 1H), 2.39(d,
J=38.1Hz, 2H), 2.26 (d, /= 6.7 Hz, 2H), 1.62 — 1.59 {m, 5H), 1.23 — 1.13 (m, 2FH). ES-MS
IVHHT® = 300.5.

§

Ry s
(YN A
%Ci

{60221} {1R,55,65)-N-{6-(2-chlorophenyl)pyridazin-3-y1}-3-{{tetrahydro-2H-pyran-4-
vhmethyl)-3-azabicyele{3.1.0}hexan-6-amine, (1R, 35, 65)-N-{6-chloropyridazin-3-y1)-3-
{{tetrahydro-2H-pyran-4-yymethyh)-3-azabicyclof3.1 Olhexan-6-amine (20.6 mg, 0.067 mmol},
2-chlorophenylboronic acid (15.6 mg, 0.10 mmol}, potassium carbonate (28.1 mg, 0.20 mmol}
and BrettPhos-Pd-G3 (6.1 mg, 0.007 mmol) were combined n a sealed vial, and 5:1 1,4~
dioxane/H2O (1 mL, degassed) was added via syringe. The resulting mixture was stirred under an
inert atmosphere at 100 °C for 2 h, after which time the reaction mixture was cooled to r.t. and
solvents were concentrated. The crude residue was taken up in DMSO, and additional solids
were removed by syringe filtration. The crude residue was purified by RP-HPLC (5-35% MeCN
in 0.1% TFA aqueous solution over 5 min). Fractions containing product were basified with
saturated NaHCO3, and extracted with 3.1 chloroform/TPA. The combined organic extracts were
filtered through a phase separator and concentrated to give the title compound as a slightly

orange solid (7.9 mg, 31%). 'H-NMR (400 MHz, CDCls) 5 7.69 - 7.65 {m, 2H), 7.46 (dd, .J =
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7.2, 2.0 Hz, 1H), 7.39 — 7.32 (m, 2H), 7.01 (d, J= 9.2 Hz, 1H), 5.97 (br, 1H), 3.95 (dd, J = 11.4,
3.3 Hz, 2H), 3.40 — 3.27 (m, 4H), 3.03 (br, 1H), 2.60 (br, 2H), 2.42 (d. J = 4.8 Hz, 2H), 1.75 -
1.66 (m, 4H), 1.30 — 1.20 (m, 3H). ES-MS [M+H]" = 385.0.

{06222] The compounds shown in Table 3 were prepared similarly to the compounds

described above, with appropriate starting materials.

Table 3
Cpd. . ‘ ES-MS
No. Name Structure (M1
(1R.58.68)-N-[6-(2- .
fluorophenyDpyridazin-3-yl}-3- g Moy Ho 7SN O
8 (tetrahydropyran-4-yimethyl)-3- %f\v,f\m[{/ L0 369
azabicyclof3.1.0lhexan-G-amine HoOH
(IR,58,65)-N-{6-(3~ k
fluorophenyDipyridazin-3-yl}-3- “
9 (tetrahydropyran-4-yimethyi)-3- 1\/“*[\/\’\ " L\i\ L_o 369
azabicyclo{3.1.Clhexan-6-amine = N
(1R,58,68)-N-[6-(4- F\//\ N
, fluorophenyDpyridazin-3-y1}-3- L/K K M/\[ e
19 {(tetrahydropyran-4-vimethyl}-3- NG 369
azabicyclof3.1.0lhexan-6-amine
(18.5R,6s)-N-[6-(2- P
1 chlorophenylipyridazin-3-y1]-3- /\( Ay H, <\|\. 385
' (tetrahydropyran-4-vimethyli}-3- k/\ : -
azabicyclo{3.1 Olhexan-6-amine
{1R,58,65)}-N-{6-(2-chloro-S-fluoro- f\nxc'
phenylipyridazin-3-y1}-3- F.)\\\/'«\!é,f\hw HK\j”\{/\‘t
12 {(tetrahydropyran-4-vimethyl}-3- N ~1 403
azabicyclof3.1.0lhexan-6-amine HoH
(1R, 58,65)-N-[6-(2-chloro-3-fluoro- /’{\(L
, phenyi Ypyridazin-3-y1}-3- o o~ .
13 (tetrahydropyran-4-yimethyl)-3- N A H'_,"_y_?' o 403
azabicyclo {3 I.0lhexan-0-amine = N
{1R,55,68)-N-[6-(2-chloro-4-fluoro- F\,/ c
phenyl )p}rldaﬁm 3-yi}-3- /\[ H&f ’\C )
4 (tetrahydropyran-d-ylmethyi)-3- /K 403
azabicyclo{3.1.0}hexan-6-amine
{1R,58,68)-N-[6-(2~chloro-6-fluoro- /\rc;
(% phenylypyridazin-3-yl}-3- %/\1 o YT 403
(tetrahydropyran-4-yimethyl)-3- Lo *Vﬂ*‘w / 9./! e )3
azabicyclof3.1.0lhexan-G-amine H
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(1R.58,68)-N-[6-(2,5-
difluorophenyljpyridazin-3-v1j-3-
(tetrahvdropyran-4-yimethvi}-3-
azabicyclo{3.1. 0thexan-6-amine

/&/

N”’\/\W

387

hoad
-3

{1R,55,65)-N-[6-(6-quinoly}pyridazin-
3-yl}-3-{tetrahydropyran-4-ylmethyl}-3-
azabicyclo[3.1.0lhexan-G-amine

14022

18

(1R.58,68)-N-{6~(Z~-methylindazol-5-
yhpyridazin-3-yl}-3-(tetrahydropyran-4-
ylmethyl}-3-azabicyclo[3.1.Olhexan-6-
amine

19

N[4-[6-[[(IR 58.65)-3-
(tetrahvdropyran-4-yimethvi}-3-
azabicyclof3.1.0lhexan-6-
vilaminolpyridazin-3-
viiphenyllacetamide

408

28

{1R,5S,65)-3-(tetrahydropyran-4-
yimethyl)-N-[6-[6-{trifluoromethy)-3-
pyridyl]pyridazin-3-y1}-3-
azabicyclo|3.1. Olhexan-6-amine

420

2%

{1R,58,65)-N-[6-(6-cyclopropyl-3-
pyridylpyridazin-3-yi}-3-
(tetrahydropyran-4-yimethyl}-3-
azabicy CEOB 1.0thexan-6-amine

392

(1R,58,68)-N-[6-{2-chloro-5-fluoro-
phenyi)p}rldaﬁm -3-vi}-3-[(3-
thaorophenyhmethyi}-3-
azabicyclo[3.1.0lhexan-0-amine

413

23

(1R,58,68)-N-[6-{2-chloro-5-fluoro-
phenyi )p}rldaﬁm -3-yi}-3-[(4-
thaorophenyhmethyi}-3-
azabicyclo[3.1.0lhexan-0-amine

413

24

{(1R,585,68)-N-[6-(2-chloro-5-fluoro-
phenvDpyridazin-3-y1}-3-(2-
pyridyimethyl)-3-
azabicyclof3.1 Olhexan-6-amine
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Biological Activity

A, Cell Lines Expressing Muscarinic Acetylcholine Receptors
{00223] Human Ms cDNA, along with the chimeric G protein Gyis, were transfected into
Chinese hamster ovary (CHO-K1) cells purchased from the American Type Culture Collection
using Lipofectanune2000. Ma/Gqis/CHO cells were grown in Ham’s F-12 medium containing
10% heat-tnactivated fetal bovine serum (FBS), 20mM HEPES, 500 pg/mL G418 sulfate, and
200 ug/mi. Hygromycin B.

B. Cell-Based Functional Assay of Muscarinic Acetyicholine Receptor Activity
{00224]  For high throughput measurement of agonist-evoked increases in intracellular
calcium, CHO-K1 cells stably expressing muscarinic receptors were plated m growth medium
lacking G418 and hygromycin at 15,000 cells/20 pl/well in Greiner 384-well black-walled,
tissue culture {TC)-treated, clear-bottom plates (VWR). Cells were incubated overmight at 37 °C
and 5% €02, The next day, cells were washed using an ELX 405 (BioTek) with assay buffer; the
final volume was then aspirated to 20 L. Next, 20 uL of a 2.3 puM stock of Fluo-
4/acetoxymethyl ester (Invitrogen, Carlsbad, CA), prepared as a 2.3 mM stock in DMSQO and
nuxed ina 1:1 ratio with 10% (w/v} Pluronic F-127 and diluted 1n assay buffer, was added to the
wells and the cell plates were incubated for 50 min at 37 °C and 5% COz. Dye was removed by
washing with the ELX 405 and the final volume was aspirated to 20 pL. Compound master
plates were formatted in a 10 point concentration-response curve {CRC) format (1:3 dilutions) in
100% DMSO with a starting concentration of 10 or 1 mM using a BRAVO liquid handler
{Agilent). Test compound CRCs were then transferred to daughter plates (240 nl)) using the
Echo acoustic plate reformatter (Labeyte, Sunnyvale, CA) and then diluted nto assay butter (40
ul) to a 2x stock using a Thermo Fisher Combi (Thermo Fisher Scientific, Waltham, MA),
[00225]  Calcium flux was measured using the Functional Drug Screening System (FDSS)
6000 or 7000 (Hamamatsu Corporation, Tokyo, Japan) as an increase in the fluorescent static
ratio. Compounds were applied to cells (20 pL, 2X) using the automated system of the FDSS at 2
seconds mnto the protocol and the data were collected at 1 Hz. At 143 5, 10 pLL of an ECzo
concentration of the muscarinic receptor agonist acetylcholine was added (5X), followed by the
addition of 12 puL of an ECre concentration of acetylcholine at the 268 s time pomt (5X). Agonist
activity was analyzed as a concentration-dependent increase 1o calcium mobilization upon

compound addition. Positive allosteric modulator activity was analyzed as a concentration-
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dependent increase 1 the ECuo acetylcholine response. Antagonist activity was analyzed as a
concentration-dependent decrease in the ECso acetylicholine response; for the purposes of the
tables herein, an ICse (infhubitory concentration 50) was calculated as a concentration-dependent
decrease of the response ehicited by an ECzo concentration of acetylcholine. Concentration-
response curves were generated using a four-parameter logistical equation in XLFit curve fitting
software (IDBS, Bridgewater, NJ) for Excel (Microsoft, Redmond, WA) or Prism (GraphPad
Software, Inc., San Diego, CA) or the Dotmatics software platform (Dotmatics, Bishop’s
Stortford, UK}
{00226] The above described assay was also operated in a second mode where an appropriate
fixed concentration of the present compounds were added to the cells after establishment of a
fluorescence baseline for about 3 seconds, and the response in cells was measured. 140 s later, a
full concentration-response range consisting of increasing concentrations of agonist was added
and the calcium response (maximum-local minima response) was measured. The ECse values for
the agonist in the presence or absence of test compound were determined by nonlinear curve
fitting. A decrease in the ECso value of the agorst with increasing concentrations of the present
compounds (a leftward shift of the agonist concentration-response curve) 1s an indication of the
degree of muscarinic positive allosteric modulation at a given concentration of the present
compound. An increase in the ECso value of the agonist with increasing concentrations of the
present compounds (a rightward shift of the agonist concentration response curve} s an
mdication of the degree of muscannic antagomsm at a given concentration of the present
compound. The second mode also indicates whether the present compounds also affect the
maximum response of the muscarinic receptor to agonists.

C. Activity of Compounds in a mAChR My Cell-Based Assay
{00227] Compounds were synthesized as described above. Activity (ICso and Emin} was
determined in the mAChR Mgy cell-based functional assay as described above and the data are
shown in Table 2. The compound numbers correspond to the compound numbers used in

Examples 1 and 2 and Tables 1 and 2.

Table 4.
Gpde Hlimé?li Emin
No M 1Cs (%oy*
e | U
i 0.28 4.8
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Human
%f“ M. ICso ({/:;
o {(uM)
2 0.10 5.0
3 10.0 24.0
4 10.0 36.7
5 10.0 20.4
6 10.0 17.8
7 10.0 32.5
8 10.0 38
9 10.0 2
16 10.0 7
i1 2.96 i1
12 111 3
13 1.83 8
14 10.0 12
i3 3.i8 i4
16 10.0 28
7 376 13
18 10.0 7
i9 10.0 39
28 10.0 48
21 10.0 30
22 10.0 29
23 1.66 30
24 6.77 16
28 0.889 6
26 4.76 13
27 0.0255 4
28 10.0 28
29 10.0 15
30 10.0 16
31 10.0 27
32 10.0 40
33 10.0 R
34 10.0 46
35 10.0 36
36 10.0 38
37 0.255 4
38 >10.0 40
39 0,139 3
* 2ACh maximum at 30 pM.
[00228] For reasons of completeness, various aspects of the invention are set out in the

following numbered clauses:
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{00229} Clause 1. A compound of formula (I}
A <?’*’>n q
L R
Vv m ~
N N
‘mm{/ m<R4

(1)

or a pharmaceutically acceptable salt thereof, wherem:

A1 a five- or six-membered heteroarylene having 1, 2 or 3 hetercatoms independently
selected from N, G and §;

mis Oorl;

nis 1or2;

R! is selected from heteroaryl, aryl, heteroeyelyl, and cycloalkyl;

each R? is independently selected from hydrogen, C1-Cs alkyl, halo, and ~OR?,

R? is selected from hydrogen and Ci-Cas alkyl;

R* is selected from ~{CRPR®)p-Y, C1-Cs alkyl, and C1-Cs alkenyl;

R’ is selected from hydrogen, Ci-Ca alkyl, halo, C1-Ca haloalkyl, C1-Cas alkoxy, and Ci-
Cs haloalkoxy;

Y’ 1s selected from cycloalkyl, cycloalkenyl, heterocycle, aryl, and heteroaryl;

each R® is independently selected from hydrogen, Ci-Ca alkyl, Cs5-Cs cycloalkyl, and aryl;

each R is independently selected from hydrogen and Ci-Cy alkyl;

each R is independently selected from hydrogen, Ci-Cy alkyl, Cs3-Cs cycloalkyl, and aryl;
and

pis 0, 1, 2,3, ord;

wherein each aryl, heteroaryl, heteroarylene, cycloalkyl, cycloalkenyl, and heterocycle 1s
independently unsubstituted or substituted with 1, 2, or 3 substituents.
[00230] Clause 2. The compound of clause 1, or a pharmaceutically acceptable salt

thereof, wherein the compound has formula (I¢)

H
z

WX
1 / \ §s
L YD
Y=L X R*
H
(Ic)
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wherein

the ring containing W, X, Y and Z is a 6-membered heteroaryl ring contaming two or one
nitrogen atoms and W, X, Y and Z are independently N or CH;

R} is a 5- to 10-membered aromatic ring system optionally containing 1-2 nitrogen atoms
and optionally substituted with 1-3 substituents independently selected from the group consisting
of halogen, Ci-Caalkyl, Ci-Cs haloalkyl, -NHCORS, and Cs-Ceseveloalkyl;

R® 15 hydrogen or Ci-Ca alkyl;

R* is Cs4-Cs alkyl or (CR"R%)p-Y7;

each R? is independently hydrogen or Ci-Cs alkyl;

each R° is independently hydrogen or Ci-Cy alkyl;

pis 0, 1,2, 3, or4; and

Y7 18 C3-Cio cycloalkyl; Cs-Cs cycloalkenyl; aryl; a 5- or 6-membered heteroary! having
1, 2, or 3 hetercatoms independently selected from N, O, and S; or a 5-, 6-, or 7-membered
heterocycle having 1, 2, or 3 hetercatoms independently selected from N, O, and S;

wherein Y 1s unsubstituted or substituted with one or two substituents independently
selected from halo and Ci-Cy alkyl
{00231} Clause 3. The compound of clause 1, or a pharmaceutically acceptable salt
thereof, wherein ring A 15 unsubstituted.

[80232] Clause 4. The compound of clause 1 or 3, or a pharmaceutically acceptable
salt thereof, wherein each aryl, heteroaryl, hetercarylene, cycloalkyl, cycloalkenyl, and
heterocycle 1s independently unsubstituted or substituted with 1, 2, or 3 substituents
independently selected from Ci-Cs alkyl, halo, Ci-Cq haloalkyl, Ci-Cy alkoxy, C1-Cy4 haloalkoxy,
C1~-Ca hydroxyalkyl, hydroxy, cyano, ~NHCORS, and benzyl.

{00233} Clause 5. The compound of clause 4, or a pharmaceutically acceptable salt
thereof, wherein R® is hydrogen or C1-Cs alkyl

100234} Clause 6. The compound of clause 1 or 3, or a pharmaceutically acceptable
salt thereof, wherein each aryl, hetercaryl, hetercarvlene, cycloalkyl, cycloalkenyl, and
heterocycle is independently unsubstituted or substituted with 1, 2, or 3 substituents
mdependently selected from Ci-Cs alkyl, halo, Ci-Cq haloalkyl, Ci-Ca alkoxy, C1-Cs haloalkoxy,
C1-Cq hydroxyalkyl, hydroxy, cyano, ~-NHCOR®, Ci-Cecycloalkyl, and benzyl, and R 1

hydrogen or C1-Cy alkyl.
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{00235} Clause 7. The compound of any of clauses 1 or 3-6, or a pharmaceutically
acceptable salt thereof, wherein
A 1s selected fron:
2
Karb
V\Ef Y T
A
/l\ ,{,Z_ /,/L’\\ v
§2’> Y and (2’ U ,

wherein:

T is selected from O, S and NH;

U, V., W, X, Y and Z are independently selected from N and CR® wherein at least one of
W, X, Y, and Z 1s N, and at least one of U and V 1s N; and

each RY is independently selected from hydrogen, C1-Ca alkyl, hale, Ci-Cs haloalkyl, Ci-
Ca alkoxy, C1~Cq haloalkoxy, and hydroxy.
{00236} Clause 8. The compound of clause 7, or a pharmaceutically acceptable salt

thereof, wherein A is selected from:

“@, “i,
7, Nyrb 2, 2,
SN N NS SN 5 o
AN OGNS Ws'
Zq 7 K/{NJ/ ’ ('Z-,/i\N/ % N ’ ‘?;,/L\\N : ‘a,/L\“N

{00237} Clause 9. The compound of any one of clauses 1 or 3-8, ora
pharmaceutically acceptable salt thereof, wherein m 15 0.

{00238} Clause 10. The compound of any one of clauses lor 3-8, ora
pharmacentically acceptable salt thereof, wherein m is 1; and R’ is hydrogen.

{00239} Clause 11. The compound of any one of clauses 1-10, or a pharmaceutically
acceptable salt thereof, wherein R is selected from aryl and heteroaryl.

{00240} Clause 12. The compound of clause 11, or a pharmaceutically acceptable salt
thereof, wherein R! is ary! optionally substituted with 1-3 substituents independently selected
from the group consisting of halogen, Ci1-Caalkyl, Ci-Cy haloalkvl, -NHCOR?®, and Cs-
Cscycloalkyl.
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100241} Clause 13. The compound of clause 12, or a pharmaceutically acceptable salt
thereof, wherein the arvl at R is a pheny! or a phenyl bonded to the parent molecular moiety and
fused to a 5- or 6-membered hetercaryl, a 5- to 6-membered heterocycle containing 1-2 oxygen
atoms, or a second phenyl.

{00242} Clause 14. The compound of clause 11, or a pharmaceutically acceptable salt
thereof, wherein

Rlis

a) phenvl,

b} a phenyl bonded to the parent molecular moiety and fused to a second ring selected
from the group consisting of a 5- or 6-membered heteroaryl, a 5- to 6-membered heterocycle
containing 1-2 oxygen atoms, and a second phenyli, or

¢} a 5~ or 6- membered heteroaryl having 1, 2, or 3 heteroatoms independently selected
from N, O, and §,

wherein R! is unsubstituted or substituted with 1, 2, or 3 substituents independently
selected from the group consisting of halo, Ci-Ca alkyl, Ci-Cq haloalkyl, -NHCOR®, and Cs-
Cscycloalkyl.
[00243] Clause 15, The compound of clause 14, or a pharmaceutically acceptable salt
thereof, wherein R! is phenyl, quinolinyl, benzo[d][1,3]dioxolyl, indazolyl, pyrazolyl, or
pyridinyl, wherein R! i3 optionally substituted with 1-3 substituents independently selected from
the group consisting of halo, C1-Cs alkyl, Ci-Cq haloalkyl, ~-NHCORS, and Cs-Cecycloalkyl.
[80244] Clause 16. The compound of clause 15, or a pharmaceutically acceptable salt
thereof, wherein R! is phenyl, quinolin-6-y1, benzo{d]{1,3]dioxol-5-y1, 2H-indazol-S-y1, 1H-
pyrazol-4-yl, or pyridin-3-yl, wherein R’ is optionally substituted with 1-3 substituents
independently selected from the group consisting of halo, Ci1-Cy alkyl, Ci1-C4 haloalkyl —
NHCORS, and Cs-Cecyeloalkyl.
{00245} Clause 17. The compound of clause 11, or a pharmaceutically acceptable salt
thereof, wherein R' is phenyl or a 5- or 6- membered hetercaryl having 1, 2, or 3 heteroatoms
independently selected from N, O, and S,

wherein the phenyl or heteroaryl 1s unsubstituted or substituted with 1, 2, or 3

substituents independently selected from halo, C1-Cs alkyl, and Ci-Cq haloalkyl
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100246} Clause 18. The compound of clause 11, or a pharmaceutically acceptable salt
thereof, wherein

R' is phenyl, pyridinyl, or pyrazolyl,

wherein the phenyl, pyridinvl, or pyrazolyl is substituted with 1-2 substituents
ndependently selected from the group consisting of halogen, Ci-Cs alkyl, Ci-Cs haloalkyl, —
NHCOR®, and Cs-Cocyeloalkyl.
{00247} Clause 19. The compound of clause 17, or a pharmaceutically acceptable salt
thereof, wherein

R!is phenyl or pyrazolyl,

wherein the pheny! or pyrazolyl is substituted with two substituents independently
selected from halo and C:-Cyq alkyl
(00248 Clause 20 The compound of any of clavses 11-16 0r 18, ora
pharmaceutically acceptable salt thereof, wherein R} is optionally substituted with 1-2 halogens,
1-2 C-Cqalkyl, -NHCORS, Ci-Cy haloalkyl, or Ts-Cecvcloalkyl
{00249} Clause 21 The compound of clause 11, or a pharmaceutically acceptable salt

thereof, wherein R! is selected from the group consisting of’

hako
haio  halo haio halo
, /4 , \ s A\ haiu
halo
halo
Q‘é c, C4a1kys—f€
e
halo | \\ _____ / ,
O .
EZ\P E‘\rs 0,-Cah sm@iﬂ;&i}
C4-Czatkyl” % § ahaloalkyi—x 4
Cq-Cualiyia
______ N N>f TN
N -
Ca- chycicaiky!w Ci-Caalkyl 4 |
{60250 Clause 22. The comp@und of clause 11, or a pharmaceutically acceptable salt

thereof, wherein R is selected from the group consisting of’
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g
N N, Ty
O, -
N/ N7 * and
[00251] Clause 23. The compound of any one of clauses 1 or 3-22, or a

pharmaceutically acceptable salt thereof, wherein n is 1; and R? is hydrogen.
[00252] Clause 24, The compound of any one of clauses 1 or 3-23, or a
pharmaceutically acceptable salt thereof, wherein R? is hydrogen.
{B0253] Clause 25. The compound of any one of clauses 1-24, or a pharmaceutically
acceptable salt thereof, wheremn

R* is selected from Ca-Cs alkyl and ~{CRPR%)-Y7,

each R is hydrogen;

each R® 1s hydrogen;

pis 0,1, 2, or 3; and

Y’ is selected from: Cs5-Cro cycloalkyl;, C3-Cs cycloalkenyl; arvl; a 5- or 6-membered
heteroaryl having 1, 2, or 3 hetercatoms independently selected from N, O, and §; and a 5-, 6-, or
7-membered heterocycle having 1, 2, or 3 hetercatoms independently selected from N, O, and §;

wherein Y’ 1s unsubstituted or substituted with one or two substituents independently
selected from halo and C1-Cq alkyl
{60254 Clause 26. The compound of any of clauses 1-25, or a pharmaceutically
acceptable salt thereof, wherein

Y 15 selected from: Cs-Cio cveloalkyl; Cs-Cs cycloalkenyl; phenyl; a phenyl bonded to

the parent molecular moiety and fused to a 5- to 6-membered heterocycle containing 1-2 oxygen
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atoms; a 5- or 6-membered heteroaryl having 1, 2, or 3 mitrogen atoms; and a 5-, 6-, or 7-
membered heterocycle containing 1 oxygen atom;

wherein Y’ is unsubstituted or substituted with one or two substituents independently
selected from halo and Ci-Ca alkylL
[00255] Clause 27. The compound of clause 26, or a pharmaceutically acceptable salt
thereof, wherein

Y’ 15 selected from: Cs-C7 cycloalkyl; Cs5-Ca cycloalkenyl; phenvl; benzo[d][1.3]dioxolvl;
pyridinyl, pyrazolyl, and tetrahydropyranyl;

wherein Y’ is unsubstituted or substituted with one or two substituents independently

selected from halo and Ci-Cq alkyl

{00256} Clause 28. The compound of any of clauses 1-27, or a pharmaceutically
acceptable salt thereof, wherein R* is selected from the group consisting of % \ ,

00000 00

|
N N
=
and % :
{00257} Clause 29, The compound of any of clauses 1 or 3-28, wherein the compound

15 a compound of formula (Ia):

R3
R4
{1a)
or a pharmaceutically acceptable salt thereof.
{00238} Clause 30. The compound of any of clauses 1 or 3-29, wherein the compound

is a compound of formula (Ib):
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N—N ’
R1-—-—-r<~>-——(—-\)m = R
==/ e N
O

T

H
(Ib)
or a pharmaceutically acceptable salt thereof.
[00259] Clause 31. The compound of clause 1, wherein the compound 1s selected
from:

(18,5R,653-3-(3,3-dimethylbutyl}-N-[6-(1,3-dimethylpyrazol-4-yDpyridazin-3-y1}-3-
azabicyclof3.1.0lhexan-G-amine;

(18,5R,65)-3~(5-bicyclo[2 2.1 Thept-2-enylmethyl}-N-[6-(1,3-dimethvipyrazol-4-
vlypyridazin-3-yli-3-azabicyclof 3.1 Olhexan-6-anune;

(18,58, 65)-N-[6-(1 3~dimethylpyrazol-4-yhpyridazin-3-y1}-3-(2,3, 3-trimethylbuty)-3-
azabicyclof3.1.0lhexan-G-amine;

(1R,55,68)-N-{(6-(1 3-dimethyl- 1 H-pyrazol-d-ylpyridazin-3-y hmethy1}-3-(3,3-
dimethyibutyl)-3-azabicyclo[3.1.0hexan-G-amine;

(1R,58,65)-N-{{6-(2-chloro-3-fluoro-phenyljpyridazin-3-yHmethy)-3-(3,3-
dimethyibutyi}-3-azabicyclo{3. 1. 0lhexan-6-amine;

(1R,55,68)-N-{{6-{2-chloro-5-fluoro-phenylpyridazin-3-ymethyl)-3-
{cyclohexylmethyl}-3-azabicyclo[3.1 Clhexan-6-amine;

(1R,58,6s)-3-(cyclobexylmethy}-N-({6-(1,3-dimethyipyrazol-4d-ypyridazin-3-
yvimethyl}-3-azabicyclo][3.1 Othexan-6-amine;

(15,5R}-N-{6-{ 2-fluorophenylpyndazin-3-yi]-3-(tetrahydropyran-4-ylmethyi)-3-
azabicyclof3.1.0lhexan-6-amine;

(15,5R}-N-{6-(3-fluorophenyl}pyridazin-3-y1]-3-(tetrahydropyran-4-ylmethyi)-3-
azabicyclof3.1.0lhexan-6-amine;

(15,5R}-N-{6-{4-fluorophenyl}pyridazin-3-y1]-3-(tetrahydropyran-4-ylmethyi)-3-
azabicyclof3.1.0lhexan-6-amine;

(15,5R}-N-{6-(2-chlorophenyl)pyridazin-3-y1]-3-(tetrahydropvran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-6-amine;

(15,5R)-N-{6-(2-chloro-5-flucro-phenylipyridazin-3-yl}-3-(tetrahy dropyran-4-vimethyl}-

3-azabicyclo[3.1 0Olhexan-6-amine;
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(15,5R}-N-{6-{2-chloro-3-fluoro-phenyipyridazin-3-yl]-3-(tetrahydropyran-4-yimethyl}-
3-azabicyclo{3. 1 Clhexan-6-amine;
(15,5R}-N-{6-(2-chloro-4-fluoro-pheny ipyridazin-3-yl]-3-(tetrahydropyran-4-yimethyl}-
3-azabicyclo{3. 1 Clhexan-6-amine;
(15,5R)-N-{6-(2-chloro-6-flucro-phenylipyridazin-3-yl]-3-(tetrahy dropyran-4-vimethyl}-
3-azabicyclo[3.1 0Olhexan-6-amine;
(18,5R)-N-[6-(2,5-difluorophenyhpyridazin-3-yl}-3-(tetrahydropyran-4-yimethyl}-3-
azabicyclof3.1 Olhexan-6-amine;
(18,5R)-N-{6-(6-quinolyDpyridazin-3-yl}-3-(tetrahy dropyran-4-yimethyi)-3-
azabicyclof3.1 Olhexan-6-amine;
(18,5R)-N-[6-(2-methylindazol-S-ylpyridazin-3-yi}-3-{tetrahydropyran-4-ylmethyl}-3-
azabicyclof3.1 Olhexan-6-amine;
N-[4-[6-[[(15,5R)-3~(tetrahydropyran-4-vimethyl}-3-azabicyclo[3.1 Glhexan-6-
yilaminolpyridazin-3-yl]phenyljacetamide;
(18,5R)-3-(tetrabydropyran-4-ylmethy}-N-[6-[6-(trifluoromethyl)-3-pyridylipyridazion-3-
yi]-3-azabicyclo]3 1. Othexan-6-anune;
(18,3R)-N-[6~{6-cyclopropyl-3-pyridvlpyridazin-3-y1]-3-(tetrahydropyran-4-ylimethyl}-
3-azabicyclo[3. 1. Othexan-6-amine;
{(18,5R}-N-[6-(2-chloro-5-fluoro-phenypyridazin-3-yi]-3-[(3-fluorophenyl jmethyii-3
azabicyclof3.1.Olhexan-6-amine;
{(18,5R}-N-[6-(2-chloro-5-fluoro-phenypyridazin-3-yi]-3-[{4-fluorophenyl jmethyii-3
azabicyclof3.1.Olhexan-6-amine;
{18,5R}-N-[6-(2-chloro-S-fluoro-pheny hpyridazin-3-v1]-3-(2-pyridylmethyl)-3-
azabicyclof3.1.0lhexan-6-aming;
(18,5R}-3-(1,3-benzodioxol-5-yimethyl}-N-{6-(2-chloro-5-fluoro-phenylpyridazin-3-yij-
3-azabicyclo{3.1.Ojhexan-6-amine;
(18,5R}-N-[6-(2-chloro-S-fluoro-phenyhpyridazin-3-y1]-3-[(1,5-dimethyipyrazol-3-
yiymethyii-3-azabicyclo{3.1 Othexan-6-amine;
(18,5R}-N-[6-(2-chloro-S-fluoro-phenyhpyridazin-3-y1]-3-(3,3-dimethy ibuty )-3-

azabicyclof3.1.0lhexan-6-aming;
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(15,5R}-N-{6-phenylpyridazin-3-y1}-3-(tetrahydropyran-4-ylmethyi}-3-
azabicyclof3.1.0lhexan-6-amine;

(15,5R}-N-{6~( 2-naphthvi}pyridazin-3-yl}-3-(tetrahydropyran-4-yimethyi)-3-
azabicyclof3.1.0lhexan-6-amine;

(18,5R)-N-[6-(1,3-benzodioxol-S-yl)pyridazin-3-yi]-3-(tetrahydropyran-4-ylmethyi)-3-
azabicyclof3.1 Olhexan-6-amine;

(15,5R)-N-[6-(2,3-difluorophenyhpyridazin-3-yl}-3-(tetrahydropyran-4-ylmethyl}-3-
azabicyclof3.1 Olhexan-6-amine;

(15,5R)-N-[6-(2 4-difluorophenyhpyridazin-3-yl}-3-(tetrahydropyran-4-yimethyl}-3-
azabicyclof3.1 Olhexan-6-amine;

(15,5R)-N-[6-(2,5-diftuorophenyhpyridazin-3-yl}-3-[{2-fluorophenylymethyl]-3-
azabicyclof3.1 Olhexan-6-amine;

(18,53R)-N-[6~(2,5-difluorophenylypyridazin-3-y1}-3-(2-pyridy imethyl)-3-
azabicyclof3.1 Olhexan-6-amine;

(18,5R)-3-(1 3-benzodioxol-3-yimethyl}-N-[6-(2,5-difluorophenyhpyridazin-3-y1}-3-
azabicyclof3.1 Olhexan-6-amine;

(18,3R)-N-[6~(2,5-difluorophenylypynidazin-3-y1}-3-[{1,5-dimethyipyrazol-3-ylymethyl}-
3-azabicyclo[3. 1. Othexan-6-amine;

{(18,5R)}-N-[6-(2,5-diftuorophenylipynidazin-3-y1}-3-(3,3-dimethyibuty1)-3-
azabicyclof3.1.Olhexan-6-amine;

{(18,5R)-3-[(1,5-dimethylpyrazol-3-ylmethyl}-N-[6-(2-methylindazol-5-ylipyridazin-3-
yi]-3-azabicyclo]3.1.O0thexan-6-amine; and

{(18,5R)-3-(3,3-dimethylbuty)-N-{6-(2-methyhindazol-S-y hpyndazin-3-vi}-3-
azabicyclof3.1.0lhexan-6-aming,

or a pharmaceutically acceptable salt thereof.
{00260} Clause 32. The compound of any one of clauses 1-31, wherein the compound
is isotopically labeled.
100261} Clause 33. A pharmaceutical composition comprising a therapeutically
effective amount of the compound of any one of clauses 1-32, or a pharmaceutically acceptable

salt thereof, and a pharmaceutically acceptable carrier.
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{00262} Clause 34. A method for antagonizing mAChR Ma in a subject, comprising
admunistering to the subject a therapeutically effective amount the compound of any one of
clauses 1-32 or a pharmaceutically acceptable salt thereof, or the pharmaceutical composition of
clause 33.

{00263} Clause 35. A method for treating a disorder in a subject, wherein the subject
would benefit from antagonism of mAChR My, comprising administering to the mammal a
therapeutically effective amount the compound of any one of clauses 1-32, or a pharmaceutically

acceptable salt thereof, or the pharmaceutical composition of clause 33.

{00264} Clause 36. The method of clause 35, wherein the disorder is a movement
disorder.
{00265} Clause 37. The method of clause 35, wherein the disorder is selected from

Parkinson’s disease, drug-induced Parkinsonism, dystorua, Tourette’s syndrome, dyskinesias,
schizophrenia, cogrutive deficits associated with schizophrema, excessive daytime sleepiness,
attention deficit hyperactivity disorder {ADHD), Huntington’s disease, chorea, cerebral palsy,
and progressive supranuclear pals.

{80266] It is understood that the foregoing detailed description and accompanying examples
are merely dlustrative and are not to be taken as limutations upon the scope of the invention,
which is defined solely by the appended claims and their equivalents.

[80267] Various changes and modifications to the disclosed embodiments will be apparent to
those skilled 1n the art. Such changes and modifications, including without limitation those
relating to the chemucal structures, substituents, dertvatives, intermediates, syntheses,
compositions, formulations, or methods of use of the mvention, may be made without departing

from the spirit and scope thereof.
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CLAIMS
What is clammed 15
1. A compound of formula (Ic), or a pharmaceutically acceptable salt thereof,
H
WX =
(A .
Rl ~ >—-—-—-—ﬁaa= <@N-—-—-\ 4
Y=z = R
H
{Ic)

wherein

the ring contaiming W, X, Y and 7 15 a 6-membered hetercaryl ring contaming two or one
nitrogen atoms and W, X, Y and 7 are independently N or CH;

R'is a 5- to 10-membered aromatic ring system optionally containing 1-2 nitrogen atoms
and optionally substituted with 1-3 substituents independently selected from the group consisting
of halogen, Ci-Caalkyl, Ci-Cs haloalkyl, ~-NHCORS, and Cs-Cecycloalkyl;

R® 15 hydrogen or Ci-Cy alkyl;

R* is C4-Cs alkyl or (CRPR)-Y7;

each R? is independently hydrogen or C1-C4 alkyl;

each R° is independently hydrogen or Ci-Cy alkyl;

pis0, 1,2, 3, or 4; and

Y7 18 Cs-Co cyeloalkyl; C5-Cs cycloalkenyl; aryl; a 5- or 6-membered heteroary! having
1, 2, or 3 heteroatoms independently selected from N, O, and S; or a 5-, 6-, or 7-membered
heterocycle having 1, 2, or 3 hetercatoms independently selected from N, O, and §;

wherein Y’ 15 unsubstituted or substituted with one or two substituents independently

selected from halo and Ci-Cq alkyl
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2. The compound of ¢laim 1, or a pharmaceutically acceptable salt thereof, wherein the ring

2, Ne % 2,
S = NT
"?e/{;;/ ?K’ENJ/ ﬁﬁ?ﬁ/ﬁ\:‘;/ Cor

contatning W, X, Yand Z is

3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereot, wherein
Rlis

a) phenvl,

b} a phenyl bonded to the parent molecular moiety and fused to a second ring selected
from the group consisting of a 5- or 6-membered heteroaryl, a 5- to 6-membered heterocycle
containing 1-2 oxygen atoms, and a second phenyli, or

¢} a 5- or 6- membered heteroaryl having 1, 2, or 3 heteroatoms independently selected
from N, O, and S,

wherein R' is unsubstituted or substituted with 1, 2, or 3 substituents independently
selected from the group consisting of halo, Ci-Cy alkyl, Ci-Cy haloalkyl, -NHCOR® and Cs-
Cescycloalkyl.

4. The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein R is
phenyl, quinolinyl, benzo[d][1,3]dioxolyl, indazolyl, pyrazolyl, or pyridinyl, wherein R is
optionally substituted with 1-3 substituents independently selected from the group consisting of
halo, C1-Cq alkyl, C1-Cy haloalkyl, -NHCOR®, and Cs-Cecveloalkyl

5 The compound of claim 4, or a pharmaceutically acceptable salt thereof, wherein R! is
phenyl, quinolin-6-vi, benzold]{1,3]dioxol-5-v], 2ZH-indazol-5-yl, 1H-pyrazol-4-yl, or pyridin-3-
vi, wherein R! is optionally substituted with 1-3 substituents independently selected from the

group consisting of halo, C1-Ca alkyl, C1-Ca haloalkyl, ~-NHCORS®, and C3-Cecyveloalkyl.

6. The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein R is
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optionally substituted with 1-2 halogens, 1-2 Ci-Cy alkyl, -NHCOR®, Ci-C4 haloalkyl, or Cs-
Cscycloalkyl.

7 The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein R' is

halo

halo halo halo halo

halo

Ci- C4ai-(y \N}/’E ~
NT ™
CangcchOaikyiw \v> " | ﬁQ“% .

C4-Caalkvt or

3. The compound of claim 7, or a pharmaceutically acceptable salt thereof, wherein R is

o Ny N
i"
N % Nz=
FiC— )
€\ \_ /7,
9. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof, wherein
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Y’ is C3-Co cycloalkyl, C3-Cs cycloalkenyl; phenyl; a phenyl bonded to the parent
molecular moiety and fused to a 5- to 6-membered heterocycle contamning 1-2 oxygen atoms; a
5- or 6-membered heteroaryl having 1, 2, or 3 mitrogen atoms; or a 5-, 6-, or 7-membered
heterocycle containing 1 oxygen atom,;

wherein Y’ is unsubstituted or substituted with one or two substituents independently

selected from halo and Ci-Cq alkyl

10. The compound of claim 9, or a pharmaceutically acceptable salt thereof, wherein

Y’ 15 C5-Cr cycloalkyl; Cs-Ca cycloalkenyl; phenvl; benzo{di[1,3}dioxolyl; pyridinyl,
pyrazolyl, or tetrahydropyranyl;

wherein Y’ 15 unsubstituted or substituted with one or two substituents independently

selected from halo and Ci-Cy alkyl

11 The compound of claim 10, or a pharmaceutically acceptabie salt thereof, wherein R* is

JX.L )YQ)Q psNeNey
& /ﬁ/

v/K/
12. The compound of claim 1, selected from the group consisting of:
(15,5R,65)-3-(3,3-dimethylbutyl}-N-[6-(1,3-dimethylpyrazol-4d-yhpyndazin-3-yi}-3-

J

azabicyclof3.1.0lhexan-6-amine;

(15,5R,65)-3-(5-bicyclo[2 2.1 Thept-2-enylmethyD)-N-{6-(1,3~-dimethylpyrazol-4-
yvi}pyridazin-3-yl}-3-azabicyclo[3.1. Olhexan-6-amine;

(15,5R,68)-N-{6-(1,3-dimethylpyrazol-4-ylipyridazin-3-y1}-3-(2,3, 3-trimethylbuty1)-3-
azabicyclof3.1.0lhexan-6-amine;

(1R 58,65)-3-(cyclohexylmethy}-N-({6-(1,3-dimethvipyrazol-4-ylpyridazin-3-
yymethyi}-3-azabicyclo]3.1.Othexan-6-amine;

(15,5R}-N-{6-( 2-fluorophenylypyridazin-3-y1]-3-(tetrahydropyran-4-ylmethyi)-3-
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azabicyclof3.1.0lhexan-6-aming;

(18,5R}-N-[6-(3-fluoropheny ypvridazin-3-vi]-3-{tetrahydropyran-4-ylmethy}-3-
azabicyclof3.1.0lhexan-6-aming;

(18,5R}-N-[6-(4-fluoropheny Ypyridazin-3-vi]-3-{tetrahydropyran-4-ylmethy}-3-
azabicyclof3.1.0lhexan-G-amineg;

(18,5R})-N-[6-(2-chlorophenyl)pyridazin-3-v1]-3-{tetrahydropyran-4-ylmethyl}-3-
azabicyclof3.1.0lhexan-G-amineg;

(18,5R}-N-[6-(2-chloro-5-fluoro-phenyhpyridazin-3-yl}-3-(tetrahy dropyran-4-ylmethyl}-
3-azabicyclof3.1.0}hexan-G-amine;

(18,5R}-N-[6-(2-chlore-3-fluoro-phenyhpyridazin-3-yl}-3-(tetrahy dropyran-4-ylmethyl}-
3-azabicyclof3.1.0}hexan-G-amine;

(18,5R})-N-[6-(2-chloro-4-fluoro-phenyhpyridazin-3-yl]-3-(tetrahy dropyran-4-yimethyl)-
3-azabicyclof3. 1. Ojhexan-G-amine;

(18,5R})-N-[6-(2-chloro-6-fluoro-phenyhpyridazin-3-yl]-3-(tetrahy dropyran-4-yimethyl)-
3-azabicyclof3. 1. Ojhexan-G-amine;

(18,5R)-N-[6-(2,5-difluorophenyhpyridazin-3-yl}-3-(tetrahydropyran-4-ylmethyl-3-
azabicyclof3.1.0lhexan-G-amine;

(18,5R)-N-[6-(6-quinolyDipyridazin-3-yl]-3-(tetrahy dropyran-4-ylmethyi)-3-
azabicyclof3.1.0lhexan-6-amine;

(15,5R}-N-{6~( Z-methylindazol-5-yhpyridazin-3-y1}-3-(tetrahydropyran-4-yhmethy)-3-
azabicyclof3.1.0lhexan-6-amine;

N-[4-[6-[[{(18,5R)-3-(tetrahydropyran-4-yimethy-3-azabicyclo]3. 1. Othexan-6-
yllaminojpyrdazin-3-vliphenyllacetamide;

(15,5R}-3-{tetrahydropyran-4-ylmethy}-N-[o-[0-{triflucromethvi}-3-pyridyiipyridazin-3-
yi}-3-azabicyclo{3.1 Olhexan-6-amine;

(15,5R}-N-{6-{6-cyclopropyl-3-pyridvhpyridazin-3-y1]-3-(tetrahy dropyran-4-yimethyl)-
3-azabicyclo{3. 1 Clhexan-6-amine;

(15,5R}-N-{6-{2-chloro-5-fluoro-pheny hpyridazin-3-yl]-3-[(3-fluocrophenylmethyl}-3-
azabicyclof3.1.0lhexan-6-amine;

(15,5R}-N-{6-(2-chloro-5-fluoro-pheny ipyridazin-3-yl]-3-[{(4-flucrophenylmethyl}-3-

azabicyclof3.1 Olhexan-6-amine;



WO 2019/152809 PCT/US2019/016300

(15,5R}-N-{6-(2-chloro-5-fluoro-pheny ipyridazin-3-yl]-3-(2-pyridylmethyl}-3-
azabicyclof3.1.0lhexan-6-amine;
(15,5R}-3-(1,3-benzodioxol-5-ylmethyl}-N-{6-{2-chloro-S-flusro-phenylpyridazin-3-yij-
3-azabicyclo{3. 1 Clhexan-6-amine;
(15,5R)-N-{6-(2-chloro-5-flucro-phenylpyridazin-3-y1}-3-[(1,5-dimethylpyrazol-3-
viymethyli}-3-azabicyclo[3 .1 Othexan-6-amine;
(15,5R)-N-{6-(2-chloro-5-flucro-phenylipyridazin-3-y1]-3-(3,3-dimethy lbuty})-3-
azabicyclof3.1 Olhexan-6-amine;
(15,5R)-N-(6-phenylpyridazin-3-y1}-3-(tetrahydropyran-4-ylmethyi)-3-
azabicyclof3.1 Olhexan-6-amine;
(18,5R)-N-{6-(2-naphthyl)pyridazin-3-yl}-3-(tetrahydropyran-4-yimethyi}-3-
azabicyclof3.1 Olhexan-6-amine;
(18,53R)-N-[6~(1,3-benzodioxol-S-ylpyridazin-3-yi]-3-(tetrahy dropyran-4-ylmethyi)-3-
azabicyclof3.1 Olhexan-6-amine;
(18,53R)-N-[6~(2,3-difluorophenylypyridazin-3-yl}-3-(tetrahydropyran-4-ylmethyl)-3-
azabicyclof3.1 Olhexan-6-amine;
(18,5R)-N-[6~(2,4-difluorophenylypyridazin-3-yl}-3-(tetrahydropyran-4-ylmethyl)-3-
azabicyclof3.1 Olhexan-6-amine;
{18,5R)}-N-[6-(2,5-diftuorophenylipynidazin-3-y1}-3-[{2-fluorophenylmethyl]-3
azabicyclof3.1.Olhexan-6-amine;
{(18,5R)}-N-[6-(2,5-diftuorophenylipyridazin-3-y1}-3-(2-pyridyimethy{)-3-
azabicyclof3.1.Olhexan-6-amine;
{18,5R})-3-(1,3-benzodioxol-5-yimethyl}-N-{6-(2,5-difluorophenyhpyrnidazin-3-yi}-3-
azabicyclof3.1.0lhexan-6-aming;
(18,5R}-N-[6-(2,5-difluorophenyDpyridazin-3-y1}-3-[(1,5-dimethvipyrazol-3-ylmethyl}-
3-azabicyclo{3.1.Ojhexan-6-amine;
(18,5R}-N-[6-(2,5-difluorophenyDpyridazin-3-y1}-3-(3,3-dimethyibutyi}-3-
azabicyclof3.1.0lhexan-6-aming;
(18,5R}-3-[(1,5-dimethylpyrazol-3-ylimethyl}-N-[6-(2-methylindazol-5-yl}pyridazin-3-
yi]-3-azabicyclo]{3.1.0thexan-6-amine; and

(18,5R}-3-(3,3-dimethylbuty)-N-[6-(2-methylindazol-5-yhpyridazin-3-yi}-3-
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azabicyclof3.1.0lhexan-6-aming,

or a pharmaceutically acceptable salt thereof.

13. The compound of claim 1 or 2, wherein the compound 1s isotopically labeled.

14. A pharmaceutical composition comprising a therapeutically effective amount of the
compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

1s. A method for antagonizing mAChR M in a subject, comprising administering to the
subject a therapeutically effective amount of the compound of claim 1 or 2, ora

pharmaceutically acceptable salt thereof.

16. A method for treating a disorder 1n a subject, wheremn the subject would benefit from
antagonism of mAChR M, comprising admunistering to the mammal a therapeutically effective

amount of the compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof.

17. The method of claim 16, wherein the disorder is a movement disorder.

18 The method of claim 16, wherein the disorder is selected from Parkinson’s disease, drug-
mduced Parkinsonism, dystonia, Tourette’s syndrome, dyskinesias, schizophrema, cognitive
deficits associated with schizophrenia, excessive daytime sleepiness, attention deficit
hyperactivity disorder {ADHD), Huntington’s disease, chorea, cerebral palsy, and progressive

supranuclear pals.
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