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POSITIVE MODULATORS OF THE MUSCARINIC
ACETYLCHOLINE RECEPTOR M4

RELATED APPLICATIONS
{8001 This application claims priotity to U.8. Provisional Application No. 63/509,589, filed
June 22, 2023, and UK. Provisional Application No. 63/610,220, filed December 14, 2023, each

of which 13 hereby incorporated by reference n its entirety.

TECHNICAL FIELD
{6002} The present disclosure relates to compounds, compositions, and methods for treating
neurclogical and psychiatric disorders associated with muscarinic acetyicholine receptor

dysfunction.

BACKGROUND
[6003] Cholinergic neurotransmission involves the activation of nicotinic acetyicholine
receptors (nAChRS) or the muscarinic acetylcholine receptors (mAChRs) by the binding of the
endogenous orthosteric agonist acetylcholine { ACh). Conditions associated with cognitive
impairment, such as Alzheimer’s disease, are accompanied by a reduction of acetyicholine
content 1n the brain, This 1s believed 1o be the result of degeneration of cholinergic neurons of
the basal forebrain, which widely innervate multiple areas of the brain, including the association
cortices and hippocampus, which are critically involved in cognitive processes. Clinical data
supports that cholinergic hypofunction contributes to the cogniiive deficits of patients suffering
from schizophrenia. Efforts to increase acetylcholine levels have focused on increasing levels of
choline, the precursor for acetyicholine synthesis, and on blocking acetyicholinesterase (AChE),
the enzyme that metabolizes acetyicholine. As a result, acetylcholinesterase (AChE) inhibutors,
which mhibit the hyvdrolysis of ACh, have been approved in the United States for use in the
palliative, but not disease-modifying, treatment of the cogmtive deficiis in AD patients.
{8004} Atterapts to augment central cholinergic function through the administration of
choline or phosphatidylcholine have not been successful. AChE wnhibitors have shown
therapeutic efficacy 1n AD patients, but have been found to bave frequent cholinergic side effects
due to peripheral acetylcholine stunulation, including abdorinal cramps, nausea, vomiting, and
diarrhea. These gastrointestinal side effects have been observed in about a third of the patients

treated. In addition, some AChE inhibitors, such as tacrine, have also been found to cause
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significant hepatotoxicity with elevated liver transaminases observed in about 30% of patients.
The adverse effects of AChE inhibitors have restricted their chinical utility. An alternative
approach to pharmacologically target cholinergic hypofunction is the activation of mAChRs,
which are widely expressed throughout the body.

{0005} The mAChRs are members of the family A G protein-coupled receptors {GPCRs) and
mclude five subtypes, designated Mi-Ms. The M, Mz and Ms subtypes mainly couple to Gq and
activate phospholipase C, whergas the Mo and My subtypes mainly couple to Gie and associated
effector systems. These five distinct mAChR subtypes have been identified in the mammalian
central nervous system where they are prevalent and differentially expressed. Mi-Ms have
varying roles in cognitive, sensory, motor and autonomic functions. Thus, without wishing to be
bound by a particular theory, 1t is believed that selective agonists of mAChR subtypes that
regulate processes mvolved in cognitive function could prove to be superior therapeutics for
treatment of psychosis, schizophrenia and related disorders. The muscarinic Ma receptor has
been shown to have a major role in cognitive processing and is believed to have a major role in
the pathophysiology of psychotic disorders, including schizophrema.

[8966] Evidence suggests that the roost promunent adverse effects of AChE mhibitors and
other cholinergic agents are mediated by activation of peripheral Mz and Ms mAChRs and
melude bradycardia, GI distress, excessive salivation, and sweating. In contrast, Ma has been
viewed as the most likely subtype for mediating the effects of muscarinic acetylcholine receptor
dysfunction in psychotic disorders, including schizophrenia, cognition disorders, and neuropathic
pain. Because of this, considerable effort has been focused on developing seleciive My agonists
for ireatment of these disorders. Unfortunately, these sfforts have been largely unsuccessful
because of an mnability to develop compounds that are highly selective for the mAChR M,
Because of this, mAChR agonists that have been tested in clinical studies induce a range of
adverse effects by activation of peripheral mAChRs. To fully understand the physiological roles
of mdividual mAChHR subtypes and to further explore the therapeutic utihity of mAChR ligands
in peychosis, including schizophrenia, cognition disorders and other disorders, it can be
important to develop compounds that are highly selective activators of mAChR My and other
mdividual mAChR subtypes.

{0067} Previous attempts to develop agonists that are highly selective for individual mAChR

subtypes have failed because of the high conservation of the orthosteric ACh binding site. One
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approach to circumvent problems associated with targeting the highly conserved orthosteric ACh
binding site is developing compounds that act at allosteric sites on mAChRSs that are removed
from the orthosteric site and are fess highly conserved. In the case of mAChRs, a major goal has
been to develop allosteric ligands that selectively mcrease activity of mAChR M or other
mACHR subtypes. Allosteric activators can include allosteric agonists, that act at a site removed
from the orthosteric site to directly activate the receptor in the absence of ACh as well as positive
allosteric modulators (PAMSs), which do not activate the receptor directly but potentiate
activation of the receptor by the endogenous orthosteric agonist ACh. Also, it is possible for a
single molecule to have both allosteric potentiator and allosteric agonist activity.
[8068] More recently, muscarinic agonists including xanomeline have been shown to be
active in animal models with similar profiles to known antipsychetic drugs, but without causing
catalepsy (Bymaster ¢f al., Fur. 1 Pharmacol. 1998, 356, 109, Bymaster ef al., Life Sci. 1999,
64, 527, Shannon et al., J. Pharmacol. Exp. Ther. 1999, 290, 901; Shannon et al., Schizophrenia
Res. 2000, 42, 249}, Further, xanomeline was shown to reduce psychotic behavioral symptoms
such as delusions, suspiciousness, vocal outbursts, and hallucinations in Alzheimer’s disease
patients (Bodick ef al., Arch. Newrol 1997, 534, 463), however treatroent induced side effects,
e.g., gastrointestinal effects, have severely himited the chinical utility of this compound.
[8969] Despite advances in muscarinic acetylcholine receptor research, there s still a
scarcity of compounds that are potent, efficacious, and selective activators of the My mAChR
and also effective m the treatment of neurological and psychiatric disorders associated with
cholinergic activity and diseases in which the muscarinic M receptor 1s involved.

SUMMARY
{6018} In one aspect, disclosed are compounds of formula (1), or a pharmaceutically

acceptable salt thereof

wherettt
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Gis
X is NR or O

R5

R and R* are independently hydrogen, Craalkyl, Ciacycloalkyl, or —Crsalkylene-OH; or
R* and R*® together with the carbon to which they attach form a Cs.scycloalkyl;

R 15 hydrogen, Crsalkyl, Cisfluoroalkyl, ~Crsalkylene-RY, ~Ci.sfluorcalkylene-RY, G°, or —Ci.
salkylene—G®;

RY 15 ~OR" —N(R*)z, -C(O)R™, ~C{OYOR™, ar ~C(OIN(R™)2;

R, at each occurrence, 15 independently hydrogen, Craalkyl, Crafluorcalkyl, Caacycloalkyl, or
~Craalkylene-Caacycloalkyl;

G 15 phenyl, a 4- to 8-membered heterocyclyl containing 1-2 heteroatoms, a S- to 6-membered
heteroaryl containing 1-4 hetercatoms, or a Csscycloallkyl, wherein the heteroatoms are
independently selected from the group consisting of O, N, and S and & is optionally
substituted with 1-4 substituents independently selected from the group consisting of Ci.
salkyl halogen, oxo, ~OCsalkyl, Ciafluoroalkyl, Cracyveloalkyl, and ~Cioalkylene-Cs.
scycloalkyl;

RS is hydrogen, halogen, cvano, Ciualkyl, Crafluorcalkyl, Coualkenyl, ~OR% -N{R*),, ~Ci-
salkviene-OR% or Ciacycloalkyl;

R® at each oceurrence, is independently hydrogen, Craalkyl, Crafhuoroalkyl, Caaeycloalkyl, or
~Ciaatkylene-Cs.acycloalkyl;

wherein alternatively, two R together with the nitrogen to which they attach form a 4- to 8-
membered heterocyclic ring containing the nitrogen attached to R® and optionally 1
additional hetercatom that is O, N, or S, the heterocyclic ring being optionally substituted

with 1-4 substituents independently selected from the group consisting of halogen, Ciaalkyl,
and Ciafluoroaliyl;
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R is Crsalkyl, hydrogen, halogen, cyano, Crasfluoroalkyl, Coaalkenyl, ~OR™ ~Ciaalicylene-
OR™ COR™, COR™ or Cascycloalkyl

alternatively, R® and R, together with the atoms to which they are attached, form an aromatic or
non-aromatic ring consisting of 5-7 carbon atoms;

R™ s hydrogen, Craalkyl, Crsfluorocalkyl, Ciacycloalkyl, or ~Cisalkylene~Csacycloalkyl;

R¥ at each occurrence, is independently halogen, Crualkyl, Crsfluoroalkyi, or Caucycloalkyl;

and

nis (0, 1,2,3, or4;

wherein at least one hydrogen in the compound is the isotope deuterium (*H).

{8011} In another aspect, the mvention provides a pharmaceutical composition comprising a

compound of formula (1), or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

8012} Another aspect provides a method of treating a neurclogical and/or psychiatric

disorder associated with muscarinic acetyicholine receptor dysfunction in a mammal, comprising

administering to the mammal a therapeutically effective amount of the compound of formula (),

or pharmaceutically acceptable salt or composition thereof.

(6013} Another aspect provides a compound of formula (I}, or a pharmaceutically acceptable

salt or compostition thereof, for use in the treatment of a neurological and/or psychiatric disorder

associated with muscarinic acetylcholine receptor dysfunction i a mammal.

[8014] Another aspect provides use of a compound of formula (1), or a pharmaceutically

acceptable salt or composition thereof, for the preparation of a medicament for the treatmeni of a

neurological and/or psychiairic disorder associated with muscarinic acetylcholine receptor

dysfunction mn a mammal,

{0015} In another aspect, the invention provides kits comprising a compound of formula (),

or a pharmaceutically acceptable salt or composition thereof, and instructions for use.

BRIEF DESCRIPTION OF THE DRAWING
{6016} The FIGURE shows the effects of Compound 3 in an amphetamime-imduced

hyperlocomotion assay.
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DETAILED DESCRIPTION
{8017} Drsclosed herein are positive modulators of the muscarinic acetylcholine receptor Ms
{mACHhR M), methods of making same, pharmaceutical compositions comprising same, and
methods of treating neurological and psychiatric disorders associated with muscarinic
acetylcholine receptor dysfunction using same.
{6018} The human muscarinic acetylcholine receptor Mu (mACER Ma) is a protein of 479
amino acids encoded by the CHRM4 gene. The molecular weight of the unglycosylated protein is
about 54 kDa and it is a transmembrane GPCR. As described above, the mAChR Mais a
member of the GPCR Class A family, or the rhodopsin-like GPCRs, which are characterized by
structural features similar to rhodopsin such as seven transmembrane segments. The muscarinic
acetylcholine receptors have the N-terminus oriented to the extracellular face of the membrane
and the C-terminus located on the cytoplasmic face.
08019} Previous attempts to develop agonists that are highly selective for individual mAChR
subtypes have failed because of the high conservation of the orthosteric ACh binding site. To
circumvent problems associated with targeting the highly conserved orthosteric ACh binding
site, 1t 13 believed that developing compounds that act at allosteric sites on mACHRs that are
removed from the orthosteric site and are less highly-conserved will be advantageous. Binding of
the disclosed mAChR My positive modulator compounds to mAChR M 13 believed to include
binding to an allosteric site distinet from the orthosteric binding site, wherein the mACHR My
positive modulators may directly or indirectly augment the activity of the mACHR M receptor
through mechanisms that may include allosteric potentiation, allosteric enhancement, and

varying degrees of agonism.

1. Definitions

0926} 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, inchuding definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or equivalent to those described herein
can be used in practice or testing of the present invention. All publications, patent applications,
patents and other references mentioned heren are incorporated by reference in their entirety. The
materials, methods, and examples disclosed heremn are ilfustrative only and not intended {0 be

Hmiting.
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10021} The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s},” and
varianis thereof, as used herein, are intended 1o 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

2> <

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

{6022} The modifier “about” used in connection with a quantity 18 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 47
The term “about” may refer to plus or minus 10% of the ndicated 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 mwean from 0.5 10 1.4.

[6023] Definitions of specific functional groups and chemical terms are described in more
detail below. For purposes of this disclosure, the chemical elements are identified m accordance
with the Periodic Table of the Flements, CAS version, Handbook of Chemustry and Physics, 751
Ed., mside cover, and specific functional groups are generally defined as described theremn.
Additionally, general principles of organic chemistry, as well as specific functional moieties and
reactivity, are described in Organic Chemisiry, Thomas Sorvell, University Science Books,
Sausalito, 1999; Smith and March March's Advanced Organic Chemistry, 5% Edition, John
Wiley & Sons, Inc., New York, 2001; Larock, Comprefiensive Organic Transformuotions, VCH
Publishers, Inc., New York, 1989; Carruthers, Some Modern Methods of Organic Synthesis, 3%
Edition, Cambridge University Press, Cambridge, 1987; the entire contents of each of which are
mcorporated herein by reference.

10024} The term “alkoxy,” as used herein, refers to an atky! group, as defined herein,
appended to the parent molecular moiety through an oxygen atom. Representative examples of
alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy and teri-

butoxy.
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10025} The term “alkyl” as used herein, means a straight or branched, saturated hydrocarbon
chain. The term “lower alkvl” or “Cisalkyl” means a straight or branched chain hydrocarbon
containing from 1 to 6 carbon atoms. The term “Ci-salkyl” means a straight or branched chain
saturated hydrocarbon containing from 1 o 4 carbon atoms. Representative examples of alkyl
include, but are not imited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, ise-butyl,
fert-butyl, n-pentyl, isopentyl, neopentyl, #-hexyl, 3-methyihexyl, 2, 2-dumethylpentyl, 2,3~
dimethyipentyl, n-heptyl, n-octyl, #-nonyl, and n-decyl.

[0026] The term “alkenyl,” as used herein, means a straight or branched, hydrocarbon chain
containing at least one carbon-carbon double bond.

{8027} The term “alkoxyalkyl,” as used herein, refers to an alkoxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.

{0028} The term “alkoxyfluorcalkyl,” as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through a fluorcalkyl group, as defined herein.
{0029} The term “alkylene,” as used herein, refers to a divalent group derived from a straight
or branched saturated chan hydrocarbon, for example, of 1 to 6 carbon atoms. Representative
examples of alkylene include, but are not limited to, -CHo-, ~-CHzCH2-, ~-CH2CH2CH:-,
~CHCH{CH:)YCHo-, -CH2CHCH2CHa-, ~-CHCH{CH:YCH2CHz-, and -CHCHCHoCH2CHe-,
[B8036] The term “alkylamine,” as used herein, means at least one alkvl group, as defined
herein, 15 appended to the parent molecular moiety through an anuno group, as defined herein.
{8031} The term “amide,” as used herein, means ~-C{IOINR- or -NRC{O)~, wherein R may be
hydrogen, alkyl, eycloalkyl, aryl, heteroaryl, heterocycle, alkenyl, or heterpalkyl

{8032} The term “amincalkyl,” as used herein, means at least one amino group, as defined
herem, 15 appended to the parent molecular mosety through an alkylene group, as defined heren,
{0933} The term “amino,” as used herein, means ~NRxRy, wherein R: and Ry may be
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, heterocycle, alkenyl, or heterpalkyl. In the case of
an aminoalkvl group or any other motety where amino appends together two other moieties,
amine may be -NRy—, wherein R« may be hvdrogen, alkyl, cycloalkyl, aryl, heteroarvi,
heterocvele, alkenyl, or heteroalkyl.

{6034 The term “arvl,” as used herein, refers to a phenyl or a phenyl appended to the parent
molecular mosety and fused to a cycloalkane group {e.g., the aryl may be indan-4-y1}, fused to a

o-membered arene group {(i.e., the aryl is naphthyl), or fused to a non-aromatic heterocvele {e.g.,
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the aryl may be benzo{d}{1,3|dioxol-5-y1}. The term “phenyl” 1s used when referring to a
substituent and the term G-membered arene is used when referring to a fused ring. The 6-
membered arene 1s monocyclic (e.g., benzene or benzo). The aryl may be monocyvelic (phenyl)
of bicychie {e.g., a 9- to 12-membered fused bicyclic system).

{0035} The term “cyanoalkyl,” as used herein, means at least one -UN group, is appended to
the parent molecuiar moiety through an alkylene group, as defined herein.

{0036} The term “cyanofluoroalkyl,” as used herein, means at least one -CN group, s
appended to the parent molecular moiety through a fluorcalkyl group, as defined herein.

16037} The term “cycloalkoxy.” as used herein, refers to a cycloalkyl group, as defined
herein, appended to the parent molecular moiety through an oxygen atom.

0038} The term “cycloalkyl” or “cycloalkane,” as used herein, refers to a saturated ring
system containing all carbon atoms as ring members and zero double bonds. The term
“cycloalkyl” 15 used herein to refer to a cycloalkane when present as a substituent. A cycloalkyl
may be a monocyclic cycloalkyl {e.g., cyclopropyl), a fused bicyclic cycloalkyl (e g,
decahydronaphthalenvyl), or a bridged cycloalkyl in which two non-adjacent atoms of a ring are
iinked by an alkylene bridge of 1, 2, 3, or 4 carbon atorns {e.g., bieyclo[2.2. 1 Theptaoyl).
Representative examples of cycloalkyl mclude, but are not hmited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, eyclooetyl, evclononyl, cvclodecyl, adamantyl, and
bicyclo[1.1.1]pentanyl.

{0939] The term “cycloalkenyl” or “cycloalkene,” as used herein, means a non-aromatic
monocyclic or multicychic ring syster containing all carbon atoms as ring members and at least
one carbon-carbon double bond and preferably having from 5-10 carbon atoms per ning. The
term “cycloalkenyl” 1s used herein to refer to a cycloalkene when present as a subsiituent. A
cycloatkenyl may be a monocyclic cycloalkenyl {e.g., cyclopentenyl), a fused bicyclic
cycloatkenyl (e.g., octahydronaphthalenyl), or a bridged cycloalkenyl in which two non-adjacent
atoms of a ring are linked by an alkylene bridge of 1, 2, 3, or 4 carbon atoms {e.g,,
bicyclof2. 2. 1fheptenyl). Exemplary monocyclic eycloalkenyi rings include cvclopentenyl,
cyclohexenyl or cycloheptenyl. Exemplary monocyclic cyveloalkeny! rings include

cyclopentenyl, cycichexenyl or cycloheptenyl.
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0040} The term “carbocyelyl” means a “cycloalkyl” or a “cyclealkenyl” The term
“carbocycle” means a “cycloalkane” or a “cycloalkene.” The term “carbocvelyl” refers toa
“carbocyele” when present as a substituent.

{6041} The term “fluoroalkyl,” as used herein, means an alkyi group, as defined herein, in
which one, two, three, four, five, six, seven or eight hyvdrogen atoms are replaced by fluorine.
Representative examples of fluoroalkyl include, but are not imited to, 2-fluorcethyl, 2,2,2-
triftuoroethyl, trifluoromethyi, difluoromethyi, pentafluorcethyl, and triflucropropyi such as
3,3, 3-trifluoropropyl.

10042} The term “fluoroalkyiene.” as used herein, means an alkylene group, as defined
herein, in which one, two, three, four, five, six, seven or eight hydrogen atoms are replaced by
fluorine. Representative examples of fluorcalkylene include, but are not imited to —CFo—,
—CHCEy—, 1, 2-difluorcethylene, 1,1,2 2-tetrafluoroethylene, 1,33 3-tetrafluoropropylene,
1,1,2.3,3-pentafluoropropyiene, and perfluoropropylene such as 1,1,2,2 3, 3-hexafluoropropylene.
{0043} The term “fluoroalkoxy,” as used herein, means at least one fluorcalky! group, as
defined herein, 1s appended to the parent molecular moiety through an oxygen atom.
Representative examples of fluoroalkoxy melude, but are vot linited to, difluoromethoxy,
triftuoromethoxy and 2,2, 2-trifluoroethoxy.

[8044] The term “halogen” or “halo,” as used herein, means C, Br, [, or F.

[8045] The term “haloalkyi,” 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.
{8046} The term “haloalkoxy,” as used herein, means at least one haloalkyl group, as defined
herein, ts appended {0 the parent molecular moiety through an oxygen atom.

8047} The term “halocycloalkyl,” as used herein, means a cycloalkyl group, as defined
herem, m which one or more hydrogen atoms are replaced by a halogen.

{6048} The term “heteroalkyl,” as used heremn, means an alkyl group, as defined herein, m
which one or more of the carbon atoms has been replaced by a heteroatom selected from S, G, P
and N. Representative examples of heteroalkyls include, but are not limuted to, alkyl ethers,
secondary and tertiary alkyl amines, anudes, and alkyl sulfides.

[06049] The term “heteroaryl,” as used herein, refers to an aromatic monocychic heteroatom-
containing ring {monocyclic heteroaryl} or a bicyclic ring system containing at least one

monocyclic heteroaromatic ring {bicyclic heteroaryl). The term “heteroaryl” is used herein to
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refer to a heteroarene when present as a substituent. The monocyclic heteroaryt are five or six
membered rings containing at least one heteroatom independently selected from the group
consisting of N, O and S (e.g. 1, 2, 3, o1 4 heteroatoms independently selected from O, 8, and NJ.
The five membered aromatic monocyclic rings have two double bonds and the six membered
aromatic monocyclic rings have three double bonds. The bicyclic heteroaryl s an 8- to 12~
membered ring system and includes a fused bicyclic heteroaromatic ring system {L.e., 10n
electron system) such as a monocyclic heteroaryl ring fused to a 6-membered arene {e.g.,
quinolin-4-yl, mdol-1-v1}, a monocychic heteroaryl ring fused to a monocyclic heteroarene (e.g.,
naphthyridinyl}, and a phenyl fused to a monocyclie heterocarene {e.g., quinolin-S-vi, indol-4-y1}.
A bicyche hetercaryl/heteroarene group meludes a 9-membered fused bicyclic heteroaromatic
ring system having four double bonds and at least one heteroatom contributing a lone electron
pair to a fully aromatic 107 electron system, such as ring systems with a nitrogen atom at the
ring junction {e.g., imidazopyridine} or a benzoxadiazolyl. A bicyclic heteroary] also mcludes a
fused bicyehic ring system composed of one heteroaromatic ring and one non-aromatic ring such
as a monocyclic hetercaryl ring fused to a monocyclic carboeyclic ring (e g., 6,7-dihydro-5H-
cyclopental blpyridinyl}, or a monocyelic hetercaryt ring fused to a monocyclic heterocycle (e.g.,
2, 3~dihydrofure[3,2-bipyridinyl). The bicyclic heteroaryl 1s attached to the parent molecular
moiety at an aromatic ning atom. Other representative examples of heteroary! include, but are not
fimited to, indolyl (e.g., indol-1-vl, indol-2-vl, indol-4-y1), pyridinyl (mchuding pyridin-2-yi,
pyridin-3-y1, pynidin-4-v1}, pyrimmdinyl, pyrazinyl, pyridazinyi, pyrazolyl (e.g., pyrazol-4-vi},
pyrrolyl, benzopyrazolyl, 1,2,3-trazolyl (e.g., triazol-4-vl}, 1,3, 4-thiadiazolyl, 1,2,4-thiadiazolyl,
1,3, 4-oxadiazolyl, 1,2,4-oxadiazolyl, imidazolyl, thiazolyl {e.g., thiazol-4-vh), isothiazolyl,
thienyl, benzimidazoiyl (e g., benzimidazol-5-v1}, benzothiazolyl, benzoxazolyl,
benzoxadiazolvl, benzothienyl, benzofuranyl, isobenzofuranyl, furanvl, oxazolvl, isoxazolvi
purinyl, soindelyl, quinoxalinyl, indazolyl (e.g., indazol-4-yl, indazol-5-y1}, quinazolinyl, 1,2,4-
triazinyl, 1,3,5-triazinyl, isoquinolinyl, quinchnyl, imidazo[1,2-¢]pyridinyl {e.g., imidazo[1,2-
alpyridin-6-yh), naphthyridinyl, pynidoimidazolyl, thiazolo[S,4-blpyridin-2-vl, and thiazolo[5.4-
dlpyrimidin-2-yl.

18058} The term “heterocyele” or “heterocyclic,” as used herein, means a monocyclic
heterocycle, a bicyclic heterocycle, or a tricyclic heterocycle. The term “heterocyclyl” is used

herein to refer to a heterocycle when present as a substituent. The monocyclic heterocycle s a
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three-, four-, five-) six-, seven-, or eight-membered ring containing at least one heteroatom
mdependently selected from the group consisting of G, N, and 8. The three- or four-membered
ring contains zero or one double bond, and one hetercatom 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 S. 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 coniains zero, one, two, or three
double bonds and one, two, or three heteroatoms selected from the group consisting of O, N, and
S. Representative examples of monocyclic heterocyclyls include, but are not limited to,
azetidinyl, azepanyl, aziridinyl, diazepanyl, 1,3-dioxanyi, 1,3-dioxolanyl, 1,3-dithiolanyl, 13-
dithianyl, imidazolinyl, imidazolidinyl, isothiazolinyl, 1sothiazolidinyl, isoxazolinyl,
isoxazolidinyl, morpholinyl, 2-oxo-3-piperidinyl, 2-oxoazepan-3-yl, oxadiazohinyl,
oxadiazohidinyl, oxazelinyl, oxazolidinyl, oxetanyl, oxepanyl, oxocanyl, piperazinyl, piperidinyi,
pyranyl, pyrazolinyl, pyrazolidinyl, pyrrolinyl, pyrrohidinyl, tetrabydrofuranyl,
tetrahydropyranyl, tetrabydropyridinyl, tetrahydrothienyl, thiadiazobayl, thiadiazohdinyl, 1,2~
thiazinanyl, 1.3-thiazinanyl, thiazolinyl, thiazolidinyl, thiomorpholinyl, 1,1-
dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, and trithianyl The bicychic
heterocycle 1s a monocyclic heterocycle fused to a 6-membered arene, or a monocyclic
heterocycle fused to a monocyclic cycloalkane, or a monocvelic heterocyele fused to a
monocyclic cycloalkene, or a monocyclic heterocycle fused to a monocyclic heterocycle, or a
monocyclic heterocycle fused 0 a monocychic heteroarene, or a spiro heterocyele group, or a
bridged monocyclic heterocycle ring system in which two non-adjacent atoms of the ring are
Hinked by an alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene bridge of two, three,
or four carbon atoms. The bicychie heterocyclyl is attached to the parent molecular motety at a
non~aromatic ring atom {e.g., mdolin-1-v1}. Representative examples of bicyehic heterocyelyls
mclude, but are not hmited to, chroman-4-yl, 2,3-dihydrobenzofuran-2-yi, 2,3~
dihydrobenzothien-2-yl, 1,23 4-tetrahydroisoqunolin-2-yl, Z-azaspiro{3 3lheptan-2-yl, 2-oxa-6-
azaspiro|3 3lheptan-6-yl, azabicyclo[2.2. 1 heptyl (including 2-azabicyelof2.2. 1 hept-2-y1},
azabicyclof3.1.Ofhexanyl {including 3-azabicyclo[3.1.0thexan-3-v1), 2,3-dihydro-14-indol-1-y1,
isoindolin-2-y1, octahydrocyclopentalclpyrrolyl, octahydropyrrolopyridinyl,

tetrahydroisoquinelinyl, 7-oxabicyclo]2.2. 1 theptanyl, hexahydro-2H-cyclopentalblfuranyl, 2-
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oxaspira[3.3lheptanyl, 3-oxaspirof 5. Sjundecanyl, 6-oxaspiro{2 S]ectan-1-yi, and 3-
oxabicyclo{3.1.Othexan-6-yi Tricyclic heterocycles are exemplified by a bicyclic heterocycle
fused to a 6-membered arene, or a bicyelic heterocyele fused to a monocyclic cycloalkane, or a
bicyclic heterocyche fused 1o a monocychc cycloalkene, or a bicyclic heterocycle fused to a
monecyclic heterocyele, or a bicyclic heterocycle in which twe non-adjacent atoms of the
bicyelic 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-2,5-epoxypentalene, hexahydro-2H-2 5-methanocyclopental blfuran,
hexahydro-15-1 4-methanocyclopenta{cifuran, aza-adamantane (1-

azatricyclo[3 3.1.13,7ldecane), and oxa-adamantane (2-oxatricyclof3.3.1.13,7]decane}. The
monoeyclic, bicyclie, and tricychic heterocyclyls are connected to the parent molecular moiety at
a non-aromatic ring atom.

8051} The term “hydroxyl” or “hydroxy,” as used herein, means an -OH group.

{00521 The term “hydrexyalkyl,” as used herein, means at least one -OH group, 15 appended
to the parent molecular motety through an alkylene group, as defined herein

9953} The term “hydroxvtluoroalkyl,” as used herein, means at least ove -OH group, 18
appended to the parent roolecular motety through a fluoroalky! group, as defined herein.

[B034] Terms such as "alkvl" "eycloalkyl" "alkylene," etc. may be preceded by a
designation indicating the number of atoms present in the group in a particular nstance {e.g.,
"Craalkyl," "Cascycloalkyl," "Craalkylene"). These designations are used as generally
understood by those skifled in the art. For example, the representation "C" followed by a
subseripted nomber indicates the number of carbon atoms present in the group that follows.
Thus, "Caalkyl" 13 an alkyl group with three carbon atoms {1.¢., n-propyl, isopropyl). Where a
range 1s given, as i "Ci-.," the members of the group that follows may have any number of
carbon atoms falling within the recited range. A "Ciaallyl" for example, 1s an alkyi group
having from 1 to 4 carbon atoms, however arranged {(1.e., straight chain or branched).

[B055] The terms "parent molecule” or "parent molecular motety” refer to the entire portion
of a molecule to which a substituent is attached, i.e., the remainder of the molecule.

{8056} The term “suifonamide,” as used herein, means -S{ORNR or -NR*S(0)-, wherein

R” may be hydrogen, alkyl, eyvcloalkyl, arvl, hetercary, heterocycle, alkenyl, or hetersalkyl



WO 2024/263957 PCT/US2024/035078

{0057} The term “substituents” refers to a group “substituted” on a group such as an alkyl,
alkenyl, alkvnvl aryl, heteroaryl, cycloalkyl, heteroalkyl or heterocycle group, at any atom of
that group. Any atom can be substituted.

{6058} 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}, =S (thioxo}, cyano, nitro, fluorcalkyl, alkoxyfluorcalkyl, fluorcalkoxy, alkyl,
alkenyl, alkynyl, haloalkyl, haloaikoxy, heteroalkvi, cycloalkyl, cycloalkenyl, aryl, hetercaryl,
heterocycle, cycloalkylalkyl, heteroarvlalkyl, arvialkyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkylene, arvioxy, phenoxy, benzyloxy, amino, alkylamino, acylamino, amunoalkyl,
arylamino, sulfonylamino, sulfinylamino, sulfonyi, alkylsulfonyl, arvisulfonvl, aminosulfonyl,
suffinyl, -COOH, ketone, amide, carbamate, and acyl. In some embodiments, a group is
optionally substituted. In some embodiments, a group is optionally substituted with 1, 2, 3, 4, or
S substituents. In some embodiments, an aryl, heteroaryl, cycloalkyl, or heterocycle 1s optionally
substituted with 1, 2, 3, 4, or S substituents. In some embodiments, an aryl, heteroarvi,
cycloalkyl, or heterocycle may be independently unsubstituted or substituted with 1, 2, or 3
substituents.

{60539} For compounds described herein, groups and substituents thereof may be selected in
accordance with permuted valence of the atoms and the substituents, such that the selections and
substitutions result in a stable compound, e.g., which does not spontanecusly undergo
transformation such as by reasrangement, cyvclization, elimination, etc.

{8066} The term “aliosteric site” as used herem refers to a ligand binding site that 1s
topographically distinct from the orthosterie binding site.

8061} The term “modulator” as used herein refers to a molecular entity (e.g., but not limited
to, a ligand and a disclosed compound) that modulates the activity of the target recepior protein.
8062} The term “ligand” as used herein refers to a natural or synthetic molecular entity that
is capable of associating or binding to a receptor to form a complex and mediate, prevent or
modify a biological effect. Thus, the term “ligand” encompasses allosteric modulators,
inhibitors, activators, agonists, antagonists, natural subsirates and analogs of natural substrates.
{8063} The terms “natural higand” and “endogenous ligand” as used herein are used
mterchangeably, and refer to a naturally occurring ligand, found in nature, which binds to a

receptor.
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10064} The term “orthosteric site” as used herein refers to the primary binding site on a
receptor that 1s recognized by the endogenous ligand or agonist for that receptor. For example,
the orthosteric site in the mACHhR My receptor is the site that acetyicholine binds.

[{8065] The term “mAChR Mu receptor positive allosteric modulator” as used herein refers to
any exogencusly administered compound or agent that directly or indirectly augments the
activity of the mAChR My recepior in the presence or in the absence of acetylcholine, or another
agonist, in an ammal, in particular a mammal, for example a human. For example, a mAChR My
receptor positive allosteric modulator can increase the activity of the mAChR My receptor ina
cell in the presence of extracellular acetyicholine. The cell can be Chinese hamster ovary (CHO-
K1) cells transfected with human mAChR Ma. The cell can be Chinese hamster ovary (CHO-K1)
cells transfected with rat mACHhR M receptor. The cell can be Chinese hamster ovary (CHO-K1)
cells transfected with a mammalian mAChR My The term “mAChR My receptor positive
allosteric modulator” includes a compound that is a “mAChR M receptor allosteric potentiator”
or a “mAChR Ms receptor allosteric agonist,” as well as a compound that has mixed activity
comprising pharmacology of both an “mAChHR Ma receptor allosteric potentiator” and an
“mACHR Ma receptor allosteric agonist.” The term “mAChR My receptor positive allosteric
modulator also mcludes a corpound that 1s a “mAChR Ms receptor allosteric enhancer.”

[B066] The term “mAChR Ma receptor allosteric potentiator” as used heremn refers to any
exogenously administered compound or agent that directly or indirectly augments the response
produced by the endogenous higand (such as acetylcholing) when the endogenous higand binds to
the orthosteric site of the mAChR Ma receptor in an animal, in particular 8 mammal, for example
a human. The mACHhR M recepior allosteric potentiator binds o a site other than the orthosteric
stte, that 13, an allosteric site, and postiively augments the response of the receptor to an agonist
or the endogenous higand. In some embodiments, an allosteric potentiator does not mduce
desensitization of the receptor, activity of a compound a3 an mAChR M receptor allosteric
potentiator provides advantages over the use of a pure mAChR My receptor orthosteric agonist.
Such advantages can include, for example, increased safety margin, higher tolerability,
diminished potential for abuse, and reduced toxicity.

{80671 The term “mAChR Mu receptor allosteric enhancer” as used herein refers to any
exogenously administered compound or agent that directly or indirectly augments the response

produced by the endogencus ligand (such as acetylcholine) in an animal, in particular a mammal,
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for example a human. In some embodiments, the allosteric enhancer increases the affinity of the
natural ligand or agonist for the orthosteric site. In some embodiments, an allosteric enhancer
mcreases the agonist efficacy. The mAChR M receptor allosteric enhancer binds to a site gther
than the orthosteric site, that is, an allosteric site, and positively augments the response of the
receptor 1o an agonist or the endogenous ligand. An allosteric enhancer has no effect on the
receptor by itseff and requires the presence of an agonist or the natural ligand to realize 3
receptor effect.

[6068] The term “mAChR Ma receptor allosteric agonist” as used herein refers to any
exogenously admunistered compound or agent that directly activates the activity of the mAChR
Mu recepior in the absence of the endogenous ligand (such as acetylcholine) in an animal, in
particular a mammal, for example a human. The mAChR M receptor allosteric agonist binds to
a site that is distinct from the orthosteric acetyicholine site of the mACHR My receptor. Because
it does not require the presence of the endogenous ligand, activity of a compound as an mAChR
My receptor allosteric agonist provides advantages if cholinergic tone at a given synapse is low.
8069} The term “mAChR My receptor neutral aliosteric ligand” as used herein refers to any
exogenously administered compound or agent that binds to an allosteric site without affecting the
binding or function of agonists or the natural ligand at the orthosteric site in an animal, in
particutar a mammmal, for example a human. However, a neutral allosteric Hgand can block the
action of other allosteric modulators that act via the same site.

{8076} For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision 1s explicitly conternplated. 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 6.6-7.0, the
number 6.0,6.1,6.2,6.3,64,65 66,67, 68,069, and 7.0 are explicitly contemplated.

{0971} Abbreviations:

AcOH 1s acetic acid

ADDP s 1, -{azodicarbonylidipiperidine

AIBN 1s azobisisobutyronirile

aq is aqueous

atm is atmosphere(s)

BINAP is 2,2'-bis{diphenyiphosphino}-1,1'-binaphthyl

Boc is fer-butoxycarbonyl
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Boco( 1s di-tert-butyl dicarbonate

Boping 1s bis{pinacolato)diboron

BrettPhos s 2-(dicyclohexyiphosphing)3,6-dimethoxy-2',4', 6 -trusopropyi-1,1'-biphenyi

BrettPhos Pd G3 1s [(2-di-cyclohexylphosphino-3,6-dimethoxy-2",4',6'- irtisopropyl-1,1'-
biphenyl}-2-(2"-amino-1,1"-biphenyl} jpalladium{ll} methanesulfonate

Bu is butyl

~BulH is ferr-butanol

cat. is catalyiic

CDI s 1, 1-carbonyldiimidazole

CD20 is deuterated formaldehyde

Celite® is diatomaceous earth

CSA 1s (15,4R)-10-camphorsulfonic acid

DCE 1s 1 2-dichloroethane

DCM 15 dichloromethane

DEA 13 diethylamine

DIAD s disopropyl azodicarboxylate

DIPEA or DIEA 13 duisopropylethylamine

DMAP is 4-dimethylaminopyriding

DMF is N N-dimethylformanude

DMP or Dess-Martin periodinane s 1,1, -tris{acetyloxy)-1, -dibiydro-1,2-benziodoxol-3-(1 i}
one

DMSQO 1s dimethyl sulfoxide

Dowtherm™ A 1s 4 eutectic mixture of 26.5% diphenyt + 73.5% diphenyl oxade

dppp 15 1,3-bis(diphenyiphosphinojpropane

DBAD 15 di-feri-butyl-azodicarboxylate

eq or eq. 13 equivalent{(s}

FtOAC is ethyl acetate

{4,4'-dtbbpyINiCh is 4, 4'-lis(1,1-dimethylethyi}-2, 2'-bipyridine] nickel (11} dichlonde

Etz0 is diethyl ether

EtOH 15 ethanol

b or hr is hour(s)
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Hex 15 hexane(s)

HMPA 15 hexamethylphorphoramide
IPA s 1sopropyl aleohol

KOAe 1s potassiom acetate

LAH ig lithiom aluminum hydnde
LDA 15 lithium diisopropylamide
LiHMDS/LHMDS s fithium bis(tnimethylistiyl}amide
mCPBA is meta-chloroperoxy benzoic acid
MeCN or ACN 1s acetonitrile

Mel is iodomethane/methyi 1odide
MeOD 1s CD:0OD (methanol-ds)
MeOH is methanol

min 1s minute(s)

Na(OAc 1s sodium acetate

NaOtBu 18 sodium tert-butoxide
NaOMe 18 sodium methoxide

NBS is M-bromosuccinimide

NCS is N-chlorosuccimimide
NHsOAc 18 ammonium acetate

NMO 15 4-methylmorpholine N-oxide
NMP is N-methyl-2-pyrrolidone

PCC s pynidinium chlorochromate

PCT/US2024/035078

[Pd(ally D tBuBrettPhos){OTT 18 tnfluoromethanesulfonate allvl[{(2-Di-tert-butylphosphinoe-3,6-

dimethoxy-2",4".6"-triisopropyl-1,1-biphenyl}-2-(2-amino-1, U-biphenyl}| palladiom{l}

Pdz{dba)s 1s tristdibenzyiidencacetonejdipalladium{0}

Pd{dpphH)Clz 1s |1, U-bis{diphenyiphosphmoiferrocene]dichloropalladnmm(it)

PHOAc)h 1s palladium{if)acetate

PA{PPha) 1s tetrakis(triphenylphosphine}paliadium{0)
PPA is polyphosphoric acid

PPhs is triphenylphosphine

PPTS is pynidinium p-toluenesulfonate
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1t is room temperature

sat. is saturated

sec 18 second(s)

SCX cartridge or HF SCX cariridge is a strong cation exchanger cartridge {1.¢. Agilent part#
14256027)

SFC is supercritical fluid chromatography

TBAC or TBAC 1s tetrabutyviammonium chloride

-BuXPhos 15 2-di-teri-butylphosphine-2’, 4’ 6'-tritsopropyibipheny!

-BuXPhos-Pd-G1 s [2-(Di-reri-butylphosphinoe)-2' 4’ 6'-triisopropyl-1,1'-biphenyl}{ 2-(2-
aminoethylphenvhpatiadiunl}) chloride

TBAC! s tetrabutylammonium chloride

TCICA s trichloroisocyanuric acid

TEA or BN is triethyamine

TFA s trifluorcacetic acid

THF 15 tetrahydrofuran

TMB 15 trimethylboroxine

TsClis para-toluenesulfonyl chlonide

tosyl is para-toluenesulfonyi

Kantphos s 4,5-Bis{(diphenylphosphine)-9,9-dimethylxanthene

2. Compounds

{8672} In one aspect, the invention provides compounds of formula (1), wherem R®, G!, and

n are as defined herein,

{8073} Unsubstituted or substituted rings (i.e., optionally substituted) such as aryl,

heteroaryl, etc. are composed of both a ring system and the ring system's optional substituents.

Accordingly, the ning system may be defined independently of its substituents, such that

redefining only the ring system leaves any previous optional substituents present. For example, a

5-to 12-membered hetercaryi with optional substituents may be further defined by specifying

the ring system of the 5- to 12-membered hetercaryt is a 5- to 6-membered hetercaryl (ie, 5- to

6-membered heteroaryl ring system}, in which case the optional substituents of the 5- to 12-

membered heteroary! are still present on the 5- to 6-membered heteroaryl, unless otherwise

expressly imndicated.
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18074}  Where heterocyclic and heteroaromatic ring systems are defined to "contain” or as
"containing” specified heteroatoms {e.g., 1-3 heterocatoms independently selected from the group
consisting of O, N, and 8}, any ring atoms of the heterocyclic and hetercaromatic ring systems
that are not one of the specified hetercatoms are carbon atoms.

{8075}  In the following, numbered embodiments of the invention are disclosed. The first
embodiment is denoted E1, subsequent embodiments are denoted E1.1, E1.2, E1.3 B2 E3 E3.1,
E3.2 E3.3 E3 4, E4 and so forth.

[6076] E1. A compound of formula (1}, or a pharmaceutically acceptable salt thereof,

(1)

wherein:

Gis R4® or R

X' is NR® or O

R* and R*" are independently hydrogen, Craalkyl, Caacycloalkyl, or ~Ciaalkylene-OH; or
R* and R*® together with the carbon to which they attach form a Cascycloalkyl;

R’ is hydrogen, Crsalkyl, Crstluoroalkyl, ~Cisalkylene-RY, ~Crsfluorcalkylene-RY, G, or —C1.
salkylene—G;

RY is ~OR™, —N(R™), <C(O)R, ~C(O)OR™ o1 ~C{OIN(R™)z;

R at each occurrence, is independently hydrogen, Crualkyl, Crafluoroalkyl, Csacyeloalkyl, or
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~Ciaatkylene-Cs.acycloalkyl;

G is phenyl, a 4- to 8-membered heterocyclyl containing 1-2 heteroatoms, a 5- to 6-membered
heteroary! containing 1-4 heteroatoms, or a Cs.ecycloalkyl, wherein the heteroatoms are
independenily selected from the group consisting of O, N, and S and &’ is optionally
substituted with 1-4 substituents independently selected from the group consisting of Ci.
aalkyl, halogen, oxo, ~OCsalkyl, Ciafluorcalkyi, Csacycloalkyl, and ~Ciaalkylene-Ca.
scycloalkyl;

RS is hydrogen, halogen, cyano, Crsalkyl, Cr.afluorcalkyl, Craalkenyl, —OR% —N(R®*),, ~Ci.
salkylene—OR% or Cs.scycloalkyl;

R®_ at each occurrence, is independently hydrogen, Ci-salkyl, Cisfluoroalkyl, Caacycloalkyl, or
—Cysalkylene—Caacycloatkyl;

wherein alternatively, two R®, together with the nitrogen to which they attach form a 4- to 8-
membered heterocyclic ring containing the nitrogen attached to R* and optionally 1
additional hetercatom that is O, N, or S, the heterocyclic ring being optionally substituted
with 1-4 substituents independently selected from the group consisting of halogen, Cizalkyl,
and Ciafluoroalkyl;

R’ is Craalkyl, hydrogen, halogen, cyano, Crafluorcalkyl, Craalkenyl, ~OR" ~Craalkylene—
OR, COR™, COR™, or Cascycloalkyl;

alternatively, R® and R’ together with the atoms to which they are attached, form an aromatic or
non-aromatic ring consisting of 5-7 carbon atoms;

R is hydrogen, Ciaalkyl, Crafluoroalkyl, Ciucyeloalkyl, or ~Ciaalkylene-Caacycloalkyl;

R®, at each oceurrence, is independently halogen, Craalkyl, Crafluoroalkyl, or Caacycloalloyl;

and

nis Q1 2,3, or 4

wherein at least one hydrogen in the compound is the isotope deuterium (?H).

{8877} El.l.  The compound of E1, or a pharmaceutically acceptable salt thereof,

wherein:

R® is hydrogen, halogen, cyano, Ciaalkyl, Cisfluoroalkyl, Coaalkenyl, ~OR®, ~N(R),, ~Ci.
salkylene-OR® or Caueycivalkyl; and

R’ is Craatkyl, hydrogen, halogen, cvano, Crasflucroalkyl, Coaalkenyl, ~OR"® ~Craalkylene-

OR™ COR”, COR™, or Cascycloalkyl.
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10078} E1.2.  The compound of E1, or a pharmaceutically acceptable salt thereof, wherein
RS and R7, together with the atoms to which they are attached, form the aromatic or non-aromatic
ring consisting of 5-7 carbon atoms.

{8079} E1.3.  The compound of E1 or E1.2, or a pharmaceutically acceptable salt thereof,
wherein R® and R’ together with the atoms to which they are attached, form the non-aromatic
ring consisting of 5-7 carbon atoms.

{0030} B2. The compound of any of E1-E1 .3, or a pharmaceutically acceptable salt

thereof, wherein Gl is
{0931} E3. The compound of any of E1-E2, or a pharmaceutically acceptable salt
thereof, wherein R** and R*® are independently hydrogen or Craalkyl

{0932} E3.1.  The compound of E3, or a pharmaceutically acceptable salt thereof, wherein
R* and R* are hvdrogen.

{0083} E3.2. The compound of E3.1, or a pharmaceutically acceptable salt thereof)
wherein the hydrogen at R** and R'® are deuterium (*H).

{0084} E33.  The compound of E3, or a pharmaceutically acceptable salt thereof, wherein
R** is hydrogen and R*® is Cialkyl

j0085] B34 The compound of any of BE1-E3 or E3.3, or a pharmaceuntically acceptable
salt thereof, wherein the Craalkyl at R* and/or R* is methyl.

{00386} E4. The compound of any of E1-E3.4, or a pharmaceutically acceptable salt
thereof, wherein X' is NR®.

18087} ES The compound of any of E1-E3 4, or a pharmaceutically acceptable salt

thereof, wherein X' is O.
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0088} E6. The compound of any of E1-E1.3, or a pharmaceutically acceptable salt
RT
- = CL‘;L
N N
o \7}/
N——N
thereof, wherein G' 13 R®

8989} E6.1.  The compound of any of E1, E1.2-E1.3, or E6, or a pharmaceutically

Py

N N

O\VX/,

N«-‘*"“"N

/

\

acceptable salt thereof, wherein G! is R

|00%6] B6.2.  The compound of any of E1, E1.2-E1.3, or E6, or a pharmaceutically

(A

A

\

fg e N
acceptable salt thereof, wherein G' is R
{0091} E7. The compound of any of E1-E4 or E6, or a pharmaceutically acceptable salt

~5

thereof, wherein R° is hydrogen, Cisalkyl, ~Crealkylene-RY, G°, or ~Ciaalkylene-G°.



WO 2024/263957 PCT/US2024/035078

10092} E7.1.  The compound of E7, or a pharmaceutically acceptable salt thereof, wherein
R’ is hydrogen.

j0093] E7.2.  The compound of E7, or a pharmaceutically acceptable salt thereof, wherein
R is Crealkyl.

{00%4] E7.3.  The compound of E7, or a pharmaceutically acceptable salt thereof, wherein
R is ~Crealkylene-RY.

{0095} E74  The compound of any of E1-E4, E6-E7, or E7.3, or a pharmaceutically
acceptable salt thereof, wherein —Cisalkylene—RY at R% is -CH2CH>-RY or

—CH{CH:)CH-RY.

{6696} H7.5 The compound of E7, or a pharmaceutically acceptable salt thereof, wherem
R isG.
{8097} H7.6.  The compound of E7, or a pharmaceutically acceptable salt thereof, wherein

R’ is —Cisalkylene-G.

[06098] E7.7 The compound of any of E1-E4, H6-E7, or E7.6, or a pharmaceutically
acceptable salt thereof, wherein —Craalkylene-G® at R® 15 -CH>-G°.

[6099] E8. The compound of any of E1-B4, BE6-E7 E7.2, E74, or E7.7, ora
pharmaceutically acceptable salt thereof, wherein the Crealkyl at R® is methyl or ethyl.

[86166] EB.1 The compound of E8, or a pharmaceutically acceptable salt thereof, wherein
the Crealkyl at R® is methyl.

{00161} EB2  The compound of E8 or E& 1, or a pharmaceutically acceptable salt thereof,
wherein the methyl at R® 15 CDs.

[8¢162] EO The compound of any of E1-F4, E6-E7, E7.3-E74, E7.7, or EB-E8.2, or a
pharmaceutically acceptable sait thereof, wherein RY is ~QR™

{80163} EIlO The compound of any of E1-E4, E6-E7, E7.3-E7 4, E7.7, or EB-ES, or a
pharmaceutically acceptable salt thereof, wherein R* is Crsalkyl,

{80164] EI10.1.  The compound of any of E1-E4, E6-E7, E73-E74, E7.7, or BEB-E10, ora
pharmaceutically acceptable salt thereof, wherein the Ci.aalkyl at R** is methyl.

j00185}] EI11. The compound of any of E1-E4, BE6-E7, or E7.4-H10.1, ora
pharmaceutically acceptable salt thereof, wherein G’ is the optionally substituted 4- to &-

membered heterocyclyl containing 1-2 heteroatoms.
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180186} E11.1.  The compound of any of E1-E4, E6-E7, or E7 4-E11, or a pharmaceutically
acceptable salt thereof, wherein the ring system of the optionally substituted 4- to 8-memberad
heterocyclyl at 3° is tetrahydrofuran or morpholine.
{80107F E11.2.  The compound of E11.1, or a pharmaceutically acceptable salt thereof,
wherein the ring system of the optionally substituted 4- to 8-membered heterocyclyl at G’ is
tetrahydrofuran-3-y1 or morpholin-2-y1
{00168} E11.3.  The compound of E11.2, or a pharmaceutically acceptable salt thereof,

. e,

wherein G is C‘é or O(> )

100189} E114  The compound of E11.2, or a pharmaceutically acceptable salt thereof,
[o\r}a
N"j

i
wherein (15 C1-adlkyl

{86116} E11.5  The compound of E11.4, or a pharmaceutically acceptable salt thereof,

[O])?l
.. N
wherein ° 15 ! .

o133} El2 The compound of any of E1-B4, BE6-E7, or E7.4-E10.1, ora
pharmaceutically acceptable salt thereof, wherein G° is the optionally substituted Ca.scycloalkyl.
[68112] FE12.1  The compound of any of E1-E4, B6-E7, E7.4-E10.1, E11L.1-E11.2, or E12,
or a pharmaceutically acceptable salt thereof, wherein the ring system of the optionally
substituted Ca.seycloalkyl at G* is cyclopropy! or cyclopentyl.

{80113} E12.2.  The compound of E12.1, or a pharmaceutically acceptable salt thereof,
wherein G 1s cyclopropyl or cyclopentyl.

{80114} E13 The compound of any of Ei-E6 or E7-E12.2, or a pharmaceutically
acceptable salt thereof, wherein R® is hydrogen, Cisalkyl, halogen, or Ciacycloalkyl.

{80115} E13.1.  The compound of E13, or a pharmaceutically acceptable salt thereof,
wherein R® 15 hydrogen, Cisalkyl, or halogen.

[egite]  E13.2.  The compound of E13.1, or a pharmaceutically acceptable salt thereof,

wherein R® is hydrogen.
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180117} E13.3.  The compound of E13.1, or a pharmaceutically acceptable salt thereof,
wherein R® is Craalkyl.

[00118} E13.4  The compound of any of E1-E6, E7-E13.1 or E13.3, or a pharmaceutically
acceptable salt thereof, wherein the Craalkyl at R® is methyl.

{00118} E13.5. The compound of E13.1, or a pharmaceutically acceptable salt thereof,
wherein RS is halogen.

{08128} E13.6.  The compound of any of E1-E6, E7-E13.1, or E134-E13.5 ora
pharmaceuticaily acceptable salt thereof, wherein the halogen at R® is chloro.

{00121} E13.7.  The compound of E13, or a pharmaceutically accepiable salt thereof,
wherein RY is Ciscycloalkyl.

180122} E138  The compound of any of E1-E6, E7-E13.1, E13 4, or E13.6-E13.7, ora
pharmaceutically acceptable salt thereof, wherein the Caucycloalkyl at R® is cyciopropyl.
{80123} El4 The compound of any of E1-E6 or E7-E13.8, or a pharmaceutically
acceptable salt thereof, wherein R is Cralkyl.

[80124] E14.1.  The compound of any of E1-E6 or E7-E14, or a pharmaceutically acceptable
salt thereof, wherein the Craalkyl at R7 is methyl.

{00128 K15 The compound of any of E1-E14.1, or a pharmaceutically acceptable salt
thereof, wherein nis O,

[80126] Elo The compound of any of E1-E14.1, or a pharmaceutically acceptable salt
thereof, whereinnis 1.

801277 E17. The compound of any of EI-E14.1 or E16, or a pharmaceutically acceptable
salt thereof, wherein R¥, at each occurrence, is independently Craalkyl

{80128} E17.1.  The compound of any of E1-E17, or a pharmaceuntically acceptable salt
thereof, wherein the Ciaalkyl at R® is methyl.

{80129} E181. The compound of any of E1-E17.1, or a pharmaceutically acceptable salt

thereof, wherein the compound of formula (1) 18 2 compound of formula (Ia):

EIRS)n




WO 2024/263957 PCT/US2024/035078

180130} E18.2.  The compound of any of BE1-E17.1, or a pharmaceutically acceptable salt

thereof, wherein the compound of formula (I) is a compound of formula (Ib):

(R,

D

(Ib}.
{80131} EI133. The compound of any of E1-E17.1, or a pharmaceuntically acceptable salt
thereof, wherein the compound of formula (I} 1s & compound of formula (Ic):

(R%),

) O/O .

{89132} E184.  The compound of any of E1-E17.1, or a pharmaceutically acceptable salt

Z,

D

D ()

thereof, wherein the compound of formala (I} 15 a compound of formula (Id):

{80133} EI8.5.  The compound of any of E1-E17.1, or a pharmaceutically acceptable salt

thereof, wherein the compound of formula (1) 15 a compound of formula (le):




WO 2024/263957 PCT/US2024/035078

180134} E19.1.  The compound of any of BE1-E18.1, or a pharmaceutically acceptable salt

thereof, wherein the compound of formula (I} 1s a compound of formula (Ia-1):

Lo

D

D {a-1).
{89135} E192  The compound of any of E1-E18 or E18.2, or a pharmaceutically acceptable

salt thereof, wherein the compound of formula (I} 1s a compound of formula (Tb-1}:

£
TD

D

(Ib-1}.
[89135] E193.  The compound of any of E1-E18 or E18.3, or a pharmaceutically acceptable

salt thereof, wherein the compound of formula (I} is a compound of formula (Ic-1 )

/N

G']

D (fe-1)
100137} E194  The compound of any of E1-E18 or E18.3, or a pharmaceutically acceptable

salt thereof, wherein the compound of formula (I} is a compound of formula (Ic-2):
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{Ic-2A or

(Ic-2B).
{00138} E195  The compound of any of E1-E18 or E18.4, or a pharmaceutically acceptable

salt thereof, wherein the compound of formula (1) 15 a compound of formula (Id-1):

G'I

{Id-1)
{00138 E19.6.  The compound of any of E1-E18 or E18.5, or a pharmaceutically acceptable

salt thereof, wherein the compound of formula (I} 15 a compound of formula (Ie-1):

: D
D {fe-13}.

[80140} E19.7. The compound of any of BE1-E19.6, or a pharmaceutically acceptable salt

thereof, wherein at least one additional hydrogen in the compound is the isotope deuterium (*H).

{00141} E20. The compound of E1 selected from the group consisting of!
2-(4-{{2,3-dihydrobenzof[p}] 1 4]dioxin-6-y1-2,2 3, 3~ds}oxy piperidin- 1 -y1-4-d}-3-methyl-

6,7-dihydro-3H-pyrrolo]3,4-blpyridin-5-one;
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2-(4-((2.3-dihvdrobenzo[ b} 1,4]dioxin-6-v1-2,2, 3,3 -di)oxypiperidin-1-y1-2 2.6,6-ds)-3~
methyl-6,7-dihydro-5H-pyrrolof3,4-5]pyridin-S-one;

2-{4~({2,3-dihydrobenzo[b}{1,4]dioxin-6-y1-2,2 3 3-dsjoxyipiperidin-1-yi}-3-methyl-6,7-
dihydro-SH-pyrrolo[3,4-b]pyridin-S-one;

2-({2R 48)-4-{(2,3-dihydrobenzo[ 5} 1,4]dioxin-6-y1-2,2,3,3-da)oxy)-2-methylpiperidin-1 -
yi}-3-methyl-6,7-dihydro-SH-pyrrolo[3,4-6]pyridin-5-one;

2-{4-{(2,3-dihydrobenzo[h}[1 4]dioxin-6-y1-2,23 3-dayoxyvipiperidin-1-yi}-3,6-dimethyl-
6,7-dihydro-SH-pyrrolel3,4-Flpyridin-5-one;

6-cyclopropy-2-{4-{(2,3-dihydrobenzo[ 6}{ 1,4 |dioxin-6-y1-2,2,3,3-dsyoxypiperidin-1-y1)-
3-methyl-6, 7-dihydro-5H-pyrrolo]3,4-bpyridin-S-one;

G-cyclopentyl-2-(4-{(2,3-dihydrobenzol 5}{ 1,4 |dioxin-6-v1-2,2,3,3-djoxy)piperidin-1-y1}-
3-methyl-6,7-dihydro-SH-pyrrolo]3,4-Alpyridin-S-one;

2-(4-{(2,3-dihydrobenzol 5} 1,4]dioxin-6-y1-2,2,3,3-dyoxy)piperidin-1-yi}-3-
methyifuro[3,4-blpyridin-5(7H}-one;

2-{4-{{2,3~dihydrobenzo[b}{1,4]dioxin-6-y1-2,2,3,3~da}oxy Jpipernidin-1-y1}-3,7-
dimethylfuro{3,4-lpyridin-5{7H}-one;

2-{4-{{2,3~dihydrobenzo[ 6} 1, 4]dioxin-o-yDoxy piperidin- 1 -yl-4-d)-3-methyl-6,7-
dihydro-3H-pyrrole[3,4-blpyrnidin-5-one;

2-{(4-({2,3-dihydrobenzolhi[1,41dioxin-6-yDoxy)piperidin-1-y1-2,2,6,6-d4)-3~methyl-6,7-
dihydro-SH-pyrrolo[3,4-b1pyridin-S-one;

2-(4-{(2,3-dihydrobenzol 5} 1,4]dioxin-6-y1-2,2,3,3-d)oxypipenidin-1-y1}-3,4,6-
trimethyl-6, 7-dihydro-5H-pyrrolof3,4-8 pyridin-5S-one;

2-{4-{{2 3~dihydrobenzo[ 4} 1,4]dioxin-6-y1-2,2,3,3-dayoxy jpiperidin-1-yi}-3,4-dimethyl-
6,7-dihydro-5H-pyrrolo{3,4-Flpyridin-5-one;
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T-(4-((2,3~dihydrobenzof 61 1 41dioxin-6-v1-2,2,3,3-di)oxy)piperidin-1-y1}-6-methyi-
[1.2,4}triazolol4, 3-alpyrimidin-3(2H}-one;

7-(4-((2,3-dihydrobenzo[b}{1 4}dioxin-6-y1-2,2 3, 3-ds}oxyipiperidin-1-y1}-2-ethyl-6-

methyl-{1,2 4ltriazolo[4,3-alpyrinudin-3(2H)-one;

T-(4-((2,3~dihydrobenzof &1 1, 41dioxin-6-v1-2,2, 3, 3-di)oxy)piperidin- 1 -y1}-2-(2-

methoxyethy}-6-methyl-{1,2 4}iriazolo[4,3-alpyrinudin-3(2H)-one;

{(#)-7-(4-{(2,3-dihydrobenzo{b][1,4]dioxin-6-v1-2,2 3, 3-dayoxypiperidin-1-v)-6-methy|-
2-(tetrahvdrofuran-3-vH-[1,2 4]triazolof4,3-alpyrimidin-3(2H}-one;

(5 7-{(4-((2,3~dihydrobenzo[ 5] 1,4]dioxin-6-yi-2,2 3, 3-da)oxyypiperidin-1-y1}-6-methyl-

2-(tetrahydrofuran-3-yH-[ 1,2 dltriazolo[4,3-alpyrimidin-3{2H}-one;

7-{4-({2,3-dihydrobenzof £}[1,4]dioxin-6-y1-2,2,3 3-ds joxy ipiperidin-1-y)}-2,6-dimethyl-

[1,2,4}razolol4,3-alpyrinudin-3(2H-one;

7-(4-((2,3-dihydrobenzof 511, 41dioxin-6-v1-2,2,3,3-diyoxy)piperidin-1-y1}-2-(1-

methoxypropan-2-y1}-6-methyl-{1,2 4ltriazolof 4,3~ |pyrimidin-3(2H}-one;

7-{(4-{{2,3-dihydrobenzof £}[ 1, 4idioxin-6-y1-2,2,3,3-ds yoxy jpiperidin-1 -y )-G-methy -2~
{{4-methylmorpholin-2-yDimethyl}-[1,2, 4 {triazolof4,3-alpyrimidin-3{2H)-one;

7-(4-((2,3-dihydrobenzof 511 4idioxin-6-y1-2,2 3, 3-dsoxy)piperidin-1-yi}-5, 6-dimethyl-
[1,2.4}triazolol4,3-ajpyrimidin-3(2H}-one;

7-{4-{{2,3-dihydrobenzofb}{1,4]dioxin-6-y1-2,2 3 3-dsjoxy pipenidin-1-yi}-2,5 6-

trimethyi-[1,2 4triazolof4,3-alpyrimidin-3{ZH }-one;

S-chlorg-7-(4-((2,3~-dihydrobenzo[ 5} 1,4]dioxin-6-y1-2,2,3, 3-dsjoxy )piperidin-1-y1}-2,6-

dimethyl-[1,2,4jtriazolo{4,3-alpyrimidin-3{2H}-one;

S-eyclopropy-7-(4-((2,3-dihydrobenzol 1] 1,4]dioxin-6-v1-2,2,3, 3-d1yoxy jpiperidin- 1 -y1)-
2,6-dimethyl-[1,2 4triazolo[4,3-afpynimidin-3{2H}-one;



WO 2024/263957 PCT/US2024/035078

S-cyclopropyl-7-(4-((2,3-dihydrobenzo{ 6] 1,4]dioxin-6-yi-2,2 3, 3-da)oxy)piperidin-1-y1)-
o-methyl-2-{methyl-d3)-[1,2, 4 ltriazolof4 3-alpyrimidin-3(2H)-one;

5-(4-{(2,3-dihydrobenzofhi[1 41dioxin-6-y1-2,2,3 3-ds}oxyIpiperidin-1 -yl }-2-methyl-

2,6,7 8-tetrahydro-1H-cvclopentale}i,2 4trazolof4, 3-alpyrimidin-1-one;

5-(4-((2.3~-dithvdrobenzo[b}{ 1,4 dioxin-6-v1-2.2,3,3-dyoxy )piperidin-1 -y1}-2-methyi-

6,7,8,9-tetrahydro-[1,2,4triazolof4,3-glquinazolin- 1 (2H}-one;

5-{4~({2,3-dihydrobenzo[p}[1,41dioxin-6-y1-2,2,3 3-ds}oxy ipiperidin-1-y1}-2,6,7,8-

tetrahydro-1H-cyclopentale] 1,2, 4}triazolol4, 3-alpyrimidin-1-one;

5-{4-{(2,3~dihvdrobenzo{ ][ 1,4]dioxin-6-v1-2,2 3 3-dyjoxy)piperidin-1-y1}-6,7 8 9-
tetrahydro-{ 1,2 4}triazolol4, 3-a]quinazolin- 1{2H}-one;

7-{4-({2,3-dihydrobenzof £}[1,4]dioxin-6-y1-2,2,3 3-ds joxy ipiperidin-1-y)-5,6-dimethyl-
2-(methyl-d:)-[1,2,4ltriazolo]4,3-alpyrimidin-3(2H}-one;

or a pharmaceutically acceptable salt thereof
[60142] E21 A compound of any of E1-E20, or a pharmaceutically acceptable salt
thereof, that has at least 50% deuteriom incorporation at each deoterium label
[80143] E21.1.  The compound of EZ1, or pharmaceutically acceptable salt thereof, that has
at least 55% deuterium mcorporation at each deuterium label
{80144} E21.2.  The compound of EZ1.1, or pharmaceutically acceptable salt thereof, that
has at least 60% deuterium incorporation at each deuterium label.
{80145} E21.3.  The compound of E21.2, or pharmaceutically acceptable salt thereof, that
has at least 70% deuterium incorporation at each deuterium label
{06146} EZ1.4  The compound of E21.3, or pharmaceutically acceptable salt thereof, that
has at least 75% deuterium incorporation at each deuterium label
[80147F E21.5. The compound of E21.4, or pharmaceutically acceptable salt thereof, that
has at least 80% deuterium incorporation at each deuterium label
{00148} E21.6. The compound of E21.5, or pharmaceutically acceptable salt thereof, that
has at least 85% deuterium incorporation at each deuterium label.
001497  E21.7 The compound of E21.6, or pharmaceutically acceptable salt thereof, that

has at least 90% deuterium incorporation at each deuterium label.
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{00156} E21.8  The compound of E21.7, or pharmaceutically acceptable salt thereof, that
has at least 95% deuterium incorporation at each deuterium label.

{00151} E21.9  The compound of E21.8, or pharmaceutically acceptable salt thereof, that
has at least 96% deuterium incorporation at each deuterium label

{80152} E21.10. The compound of E21.9, or pharmaceutically acceptable salt thereof, that
has at least 97% deuterium incorporation at each deuterium label

{00153} E21.11. The compound of E21.10, or pharmaceutically acceptable salt thereof, that
has at least 98% deuterrum incorporation at each deuterium label.

[001584] E21.12. The compound of E21.11, or pharmaceutically acceptable salt thereof, that
has at least 99% deuterium incorporation at each deuterium label

100188}  E21.13. The compound of E21.12, or pharmaceutically acceptable salt thereof, that
has at least 99.5% deuterium incorporation at each deuterium label.

180186} E21.14. The compound of E21.13, or pharmaceutically acceptable salt thereof, that
has at least 99.9% deuterium incorporation at each deuterium label

{80157} E21.15. The compound of any of E21-E21 14, or pharmaceutically accepiable salt
thereof, that has 99-99.9% deuterium meorporation at each deuterium label

{80188} E22 The compound of any of E1-E21 .15, or a pharmaceutically acceptable salt
thereof, wherein any hydrogen atom in the compound not specified as deuterium represents
hydrogen at 1s natural level of isotopic abundance.

{00189} E23. A pharmaceutical composition comprising the compound of any of E1-E22,
or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.
{00160} E24. A method for treating a neurological and/or psychiatric disorder associated
with muscarinic acetylchohine receptor dysfunction in a mammal, comprising administering to
the mammal a therapeutically effective amount of the compound of any of E1-E22, or
pharmaceutically acceptable salt thereof, or the pharmaceutical composition of E23.

{B8iI63] E25. The method of E24, wherein the disorder 15 associated with a mAChR My
dysfunction.

100162} E26. The method of E24 or E25, wherein the disorder 18 a neurclogical and/or

psychiatric disorder associated with mAChR M dysfunction.
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100163} E27. The method of any of E24-E26, wherein the disorder is selected from the
group consisting of Alzheimer's disease, schizophrenia, a sleep disorder, a pain disorder, and a
cogmitive disorder.

{00164} E28 The method of E27, wherein the disorder is Alzheimer's disease.

{00165} E29. The method of any of E24-E26, wherein the disorder s selected from the
eroup consisting of psychosis, schizophrema, conduct disorder, disruptive behavior disorder,
bipolar disorder, psychotic episodes of anxiety, anxiety associated with psychosis, psychotic
mood disorders such as severe major depressive disorder; mood disorders associated with
psychotic disorders, acute mania, depression associated with hipolar disorder, mood disorders
associated with schizophrenia, behavioral manifestations of mental retardation, autistic disorder,
movement disorders, Touretie's syndrome, akinetic-rigid syndrome, movement disorders
associated with Parkinson's disease, tardive dyskinesia, drug induced and neurodegeneration
based dyskinesias, attention deficit hyperactivity disorder, cognitive disorders, dementias, and
memory disorders,

[88166] E30 A kit comprising the compound of any of E1-E22, or a pharraceutically
acceptable salt thereof, and one or more of (3) at least one agent known to increase mAChR Mg
activity; (b} at least one agent known to decrease mACHR M activity; (¢) at least one agent
known to treat a disorder associated with cholinergic activity; {d} instructions for treating a
disorder associated with cholinergic activity; (e) instructions for treating a disorder associated
with mAChR Ma receptor activity; and {f} instructions for admmnistering the compound in
conneciton with cognitive or behavioral therapy.

{00167} E3L The compound of any of E1-E22, or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composttion of E23, for use in the treatrment of a neurological
and/or psychiatric disorder associated with muscarinic acetylcholine receptor dysfunctionina
mammal.

{80168] E32 The use of the compound of any of E1-E22, or a pharmaceutically
acceptable salt thereof, or the pharmaceutical composiiion of E23 for the preparation of a
medicament for the treatment of a neurclogical and/or psychiatric disorder associated with
muscarinic acetyicholine receptor dysfunction in a mammal.

{00169} The compound may exist as a sterecisomer wherein asymmetric or chiral centers are

st I

present. The sterecisomer 18 “R” or “S” depending on the configuration of substituents around
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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 sterecisomers and mixtures thereof
and these are specifically included within the scope of this invention. Stereoisomers include
enantiomers and diastereomers, and mixtures of enantiomers or diastercomers. 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 mixture 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 auxiliary as
described in Furniss, Hannaford, Smith, and Tatchell, “Vogel's Textbook of Practical Organic
Chemistry,” 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.

{86176} It should be understood that the compound may possess tautomeric forms, as well as
geometric 1somers, and that these also constitute embodiments of the disclosure.

{89171}  The present disclosure includes an sotopically-labeled compound, which 1s identical
to those recited in formula (1), but for the fact that one or roore atoms are specified as an atom
having an atomic mass or mass nomber different from the atomic mass or mass number usually
found in nature. Examples of isotopes suitable for inclusion i the compounds of the invention
are hydrogen, carbon, nitrogen, oxvgen, phosphorus, sulfur, fluonine, and chlorine, such as, but
not timited to 2H, SH, PC, M, PN, 80, VY0, P, 2P, 338, 1¥F, and 1, respectively.

{00172} Deuterium-labeled compounds disclosed herein may possess certain therapeutic
advantages compared to nou-labeled analogs, as a reault of greater metabohic stability. For
example, the disclosed compounds may possess improved pharmacokmnetics properties such as
imcreased in vivo half-life, reduced clearance rate, and/or increased bioavaulability compared to
non-labeled analogs. The improved pharmacokinetic properties may allow for reduced dosage
requirements, greater therapeutic index, and/or less frequent dosing to achieve or maintain a

therapeutic effect.
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180173} The compound may incorporate positron-emitting isotopes for medical imaging and
posttron-emitting tomography (PET) studies for determining the distribution of receptors.
Suitable positron-emitting isotopes that can be incorporated in compounds of formula (1) are ',
N, 0, and '*F.

{00174} Isctopically-enriched forms of compounds of formula (1), or any subformulas, may
generally be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described in the accompanying Fxamples using an appropriate
isotopically-enriched reagent in place of a non-isotopically-enriched reagent. The extent of
isotopic enrichment can be characterized as a percent incorporation of a particular isotope at an
isotopically-labeled atom {e.g., % deuterium incorporation at a deuterium label). While the
synthetic techniques to access isotopically-enriched compounds can be conventional, the
resulting compounds may possess unexpected properties, such as those described herein.
180178} It is understood that some variation of natural isotopic abundance occurs in a
synthesized compound depending upon the origin of materials used in the synthesis. The
concentration of naturally abundant stable hydrogen and carbon isotopes, notwithstanding this
vaniation, 15 small and immaterial as compared to the degree of stable 1sotopic substitution of the
deuterated compounds described herein.

{89176}  In the compounds of formula (I}, or any subformulas, any deuterium label, such as
“PH“TY or “deuterium’” represents deuterium at an abundance of at least greater than natural
abundance of deuterium {e.g., 25%, 50%, 75%, 90%, 99% deuterium mncorporation}. The amount
of deuterium meorporation at a designated position may be measured by analytical methods
known to one of ordinary skill in the art, for example, by proton NMR. Any hydrogen atom not

specifically designated as deuterium represents hydrogen at 1s natural isotopic abundance.

a. Pharmaceuntically Acceptable Salis
{88177} The disclosed compounds may exist as pharmaceutically acceptable salts. The term
“pharmaceutically acceptable sali” refers to salts or zwitterions of the compounds which are
water or oil-soluble or dispersible, suitable for treatment of disorders without undue toxicity,
irritation, and allergic response, commensurate with a reasonable benefit/risk ratio and effective
for their intended use. The salts may be prepared during the final 1solation and purification of the

compounds or separately by reacting an aming group of the compounds with a sutable acid. For
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example, a compound may be dissolved in a suitable solvent, such as but not himited to methans!
and water and treated with at least one equivalent of an acid, like hydrochloric acid. The
resulting salt may precipitate out and be 1solated by filtration and dried under reduced pressure.
Ahlernatively, 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, isethionate, fumarate, lactate,
maleate, methanesulfonate, naphthylenesulfonate, nicotinate, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, oxalate, maleate, pivalate, propionate, succinate, tartrate,
trichloroacetate, trifluorcacetate, glutamate, para-toluenesulfonate, undecanoate, hydrochloric,
hydrobromic, sulfuric, phosphoric and the like. The amino groups of the compounds may also be
quaternized with alkyl chlorides, bromides and iodides such as methyl, ethyl, propyl, isopropyl,
butyl, lauryl, myristyl, steary! and the like.
{00178}  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 hydroxade,
carbonate, or bicarbonate of a metal cation such as lithium, sodium, potassium, calciur,
magnesium, or alununum, or an organic pritaary, secondary, or tertiary amine. Quaternary amine
salts can be prepared, such as those derived from methyvlamine, dimethylamine, trimethylamine,
triethylamine, diethylamine, ethylanune, tributvianune, pyridine, N, N-dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, dibenzylamine, N N-
dibenzylphenethylamine, T-ephenamine and NN -dibenzylethyvlenediamine, ethylenediamine,
sthanolamine, diethanolamine, pipenidine, piperazine, and the like.

b. General Synthesis
{88179  Compounds of formula (1) may be prepared by synthetic processes or by metabolic
processes. Preparation of the compounds by metabolic processes includes those occurring in the
human or animal body (7 vive) or processes oocurring in vitro.
{00183 Compounds of formula (1} may be synthesized using the processes shown in Schemes

1-5, using suitably deutertum-labeled mtermediates and/or reagents.
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As itlustrated in Scheme 1, intermediate i may be subjected to intermediate ii and

base {e.g., DIEA or TEA) 1o solvent {e.g., NMP, DMF) with heating to about 120-160 °C to

provide compounds of formula i
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[00182]

As shown in Scheme 2, intermediate compounds of formula iv (wherein Y and Y’ are

fluorine, chlorine, or bromine) may be subjected to standard nucleophilic substitution conditions

with amine §, base {e g, DIEA, EzN, etc), and solvent (e.g, NMP, DMF} with heating to about

60-75 °C to provide compounds of formula v. Intermediates of formula v (wherem Y is a

halogen) may be subjected to hydrazine n solvent (e g., ethanol) with heating up to 70-80 °C.

The interruediate may be subiected to CD {CAS# 530-62-1) 1 solvent {e.g., 1,4-dioxane) with

heat up to 70-85 °C to form compounds of formula vi. Under standard alkylating conditions,



WO 2024/263957 PCT/US2024/035078

generally known in the art, intermediates of formula vi may be subjected to alkylating reagent
{(R’-X; wherein X is halogen, mesylate or tosylate), base (e.g., K2COs) in solvent {e.g , DMF) to
provide compounds of formula vii.

Scheme 3
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80183}  As shown in Scheme 3, intermediates of formula vili (wherein Y 15 a halogen) may be
coupled with a boronic acid or ester under Suzuki coupling conditions, generally known i the
art. Coupling reactions may be conducted with a palladium catalyst, such as Pd{dpp{}Ch, and a
base {e.g., KolC(l, Ca20053) 1n a solvent mixture of organic solvent, such as DMF or 1 4-dioxane,
and water with heating to about 70-90 °C to form compounds of formula ii. Reactions may be

facilitated with microwave irradiation.

Scheme 4

; )
o Rl N N O
catalyst, Zn{CN}, |

viii i NN
solvent, heat Ot(\\rstA

{80184} Shown in Scheme 4, mtermediates of formula vidi (wherein Y is a halogen) may be
subjected to catalyst {e.g., Pd(PPh:)s), a cyanide source (e g, Zn{CNY) and solvent (e.g., DMF)
with heating up to 120-140 °C to afford compounds of formula ix. The reaction may be

factlitated with microwave irradiation.
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{00185}  As shown in Scheme 5, ester intermediate x (wherein Y, ¥Y* and Y?is a Cl, Br, or 1)
may be subjected to amines, base {e.g., DIFA} and solvent {e.g., THF} with no heating or heating
up to 40-50 °C to provide compounds xi.

100186}  Suitable boronic acids/esters, amines, and alcohols for coupling reactions described
herein may be readily obtained from commerical sources or prepared by standard methods well
known to those skilled in the art.

{66187} The compounds and intermediates may be isolated 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 limited to, chromatography on solid
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, Haonaford, Smuh, and Tatchell, pub. Longman Scientific &
Technical, Essex CM20 2JE, England.

{00188} A disclosed compound may have at east one basic mitrogen whereby the compound
can be treated with an acid to form a desired salt. For examople, a compound may be reacted with
an acid at or above room temperature to provide the desired salt, which 1s deposited, and
collected by filiration after cooling. Examples of acids suitable for the reaction include, but are
not tintted to tartaric acid, lactic acid, succimc acid, as well as mandelic, atrolactic,
methanesulfonic, ethanesulfonic, toluenesulfonic, naphthalenesulfonic, benzenesulfonic,

carbonic, fumaric, maleic, gluconic, acstic, propronic, salicylic, hydrochloric, hydrobromic,
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phosphoric, sulfuric, citric, hydroxybutyric, camphorsulfonic, malic, phenylacetic, aspartic, or
elutamic acid, and the like.

{00189} 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 in the
conventional manner, e.g. by eliminating the solvent from the residue and further purified
according to methodologies generally known in the art such as, but not limited to, crystallization,
distillation, extraction, trituration and chromatography. Unless otherwise described, the starting
materials and reagents are etther commercially available or can be prepared by one skilled in the
art from commercially available materials using methods described in the chemical literature.
Starting materials, if not commercially available, can be prepared by procedures selected from
standard organic chemical techniques, techniques that are analogous to the synthesis of known,
structurally similar compounds, or techniques that are analogous to the above-described schemes
or the procedures described in the synthetic examples section.

{80190} Routine experimentations, including appropriate manipulation of the reaction
conditions, reagents and sequence of the syrthetic route, protection of any chemical functionaluy
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 skilled 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, NY (2006}, which 1s mcorporated herein by reference m its entirety.
Svuthesis of the compounds of the mvention can be accomphished by methods analogous to those
described in the synthetic schemes described hereinabove and 1n specific examples.

{80191}  When an optically active form of a disclosed compound 1s required, 1t can be obtained
by carrying out one of the procedures described herem 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 sterecisomers of the compound or intermediates using a standard procedure (such
as chromatographic separation, recrystallization or enzymatic resolution).

{00192}  Similarly, when a pure geometric isomer of a compound 1s required, 1 can be

obtained by carrying out one of the above procedures using a pure geometric isomer as a starting
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material, or by resolution of a mixture of the geometric isomers of the compound or
mtermediates using a standard procedure such as chromatographic separation.
{00193} 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 is defined i 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
{60194}  In some embodiments, the disclosed compounds potentiate the agonist response {e g,
acetvicholine) of mACHR Mua. In some embodiments, the disclosed compounds increase mAChR
My response to non-maximal concentrations of agonist in the presence of compound compared to
the response to agonist in the absence of compound. The potentiation of mACHR M activity can
be demonsirated by methodology known in the art. For example, activation 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 promiscuous (G protein. Tu some embodirnents, the calcium flux was
measured as an inerease in fluorescent static ratio. In some embodiments, positive allosteric
modulator activity was analyzed as a concentration-dependent increase in the ECw acetylcholine
response {(1.e. the response of mAChR Ma at a concentration of acetylcholine that yvields 20% of
the maximal response).
[B0185]  In some embodiments, the disclosed compounds activate mACHR My response as an
merease in calcium fluorescence in mAChR My-transfected CHO-K 1 cells in the presence of the
compound, compared to the response of equivalent CHGO-K1 cells in the absence of the
compound. In some embodiments, a disclosed compound activates the mAChR My response with
an BCss of less than about 10 M, less than about 5 M, less than about 1 uM, less than about
500 oM, of less thao about 100 oM, or less than about 30 nM. In some embodiments, the
mACHhR Ma-transfected CHO-K1 cells are transfected with human mACHR Mq In some
embodiments, the mACHR Ma-transfected CHO-K1 cells are transfected with rat mAChR M.
100196} The disclosed compounds may exhubit positive allosteric modulation of mAChR My
response to acetylcholine as an mcerease in response to non~-maximal concentrations of
acetylcholine in CHO-K1 cells transfected with a mAChR M in the presence of the compound,

compared to the response to acetyicholine in the absence of the compound. In sonte
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embodiments, the disclosed compounds exhibit positive allosteric modulation of the mAChR My
response to acetylcholine with an ECso of less than about 10 gM, less than about 5 pM, less than
about 1 uM, less than about 500 nM, or less than about 100 nM. In some embodiments, the ECsg
for positive allosteric modulation 15 determined in CHO-K1 cells are transfected with a mAChR
M. In some embodiments, the mAChR My transfected human mAChR My, In some
embodiments, the mAChR My transfected rat mAChR M.

{08187} A disclosed compound can have selectivity for the mAChR My receptor vis-3-vis one
or more of the mAChR My, Mz, Ms or Ms receptors. For example, the disclosed compounds may
activate mAChR M response in mAChR My -transfected CHO-K1 cells with an ECso less than
the ECso for one or more of mAChR My, M, M: or Ms-transfected CHO-K1 cells. In some
embodiments, a disclosed compound can activate mAChR My response with an ECs of about 5-
fold less, about 10-fold fess, 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 activate
mACHhR My response with an ECso of about 5-fold less, about 10-fold less, about 20-fold less,
about 30-fold less, about 30-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>. Ton some
embodiments, a disclosed compound can activate mAChR Ma response with an ECso 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 mACHhR Ms. In some embodiments, a disclosed compound can activate
mACHhR My response with an ECso of about S-fold less, about 10-fold fess, about 20-fold less,
about 30-fold fess, about 50-fold less, about 100-fold less, about 200-fold less, about 300-fold
fess, about 400-fold less, or greater than about 500-fold fess than that for mAChR Ms. In some
embodiments, a disclosed compound can activate mAChR Ma response with an ECso of S-fold
fess, about 10-fold less, about 20-fold less, about 30-fold less than that for the Ma-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 fess than that for the mACHR My, M2, Ms, or Ms
receptors.

{00198} The disclosed compounds may activate mAChR M response in Ma-transfected CHO-

K1 cells with an ECso of less than about 10 uM and exhibits a selectivity for the Mu receptor vis-
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a-vis one or more of the mAChR My, Mz, M3, or Ms receptors. For example, in some
embodiments, the compound can have an ECso of less than about 10 uM, of less than about 5
M, of less than about T pM, of less than about 500 nM, of less than about 100 oM, or of less
than about 50 nM; and the compound can also activate mAChR M response with an ECso of
about S-fold less, 10-fold less, 20-fold less, 30-fold less, S0-fold less, 100-fold less, 200-fold
less, 300-fold less, 400-fold less, or greater than about 300-fold less than that for mAChR My, In
some embodiments, the compound can have an ECso 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 activate mACHR Ma response with an ECso of
about 5-fold less, about 10-fold less, about 20-fold less, about 30-fold less, about 50-fold less,
about 100-fold fess, about 200-fold less, about 300-fold less, about 400-fold tess, or greater than
about 500-fold less than that for mAChR Moz, In some embodiments, the compound can have an
ECs0 of less than about 10 uM, of less than about 5 uM, of less than about 1 pM, of less than
about 500 nM, of less than about 100 nM, or of less than about 50 nM; and the compound can
also activate mACHhR M response with an ECse 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 S00-fold less than that for mAChR
Ma. In some embodiments, the compound can have an ECse of less than about 10 uM, of less
than about S 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 activate mAChR M response with an
ECso of about 53-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 HCso of less than about 10 M, 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 about 50 nM; and the compound
can also activate mAChR M response with ECso of S-fold less, about 10-fold less, about 20-fold
less, about 30-fold less than that for the Ma-Ms receptors, of about 50-fold less, about 100-fold
less, about 200-fold less, about 300-fold less, aboui 400-fold less, My, Ma, or Ms receptors, or
greater than about 500-fold less than that for the mAChR My, M2, Ms, or Ms receptors.

{80199}  Invivo efficacy for disclosed compounds can be measured in a number of preclinical

rat behavioral models where known, chinically useful antipsychotics display similar positive
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responses. For example, disclosed compounds may reverse amphetamine-induced
hyperlocomotion in male Sprague-Dawley rats at doses ranging from 1 to 100 mg/kg p.o.

3. Pharmaceutical Compositions and Formulations

{80200}  The disclosed compounds may be incorporated into pharmaceutical compositions
suitable for administration {0 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.

{60261}  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 15 also one in which any toxic or
detrimental effects of a compound of the invention (e.g., a cormpound of formula (1)) are
outwetghed by the therapeutically beveficial effects. A “prophylactically effective amount”
refers to an amount effective, at dosages and for periods of time necessary, to achieve the desived
prophylactic result. Typically, since a prophylactic dose is used i subjects prior to or at an
earlier stage of disease, the prophylactically effective amount will be less than the therapeutically
effective amount.

[80282] For example, a therapeutically effective amount of a compound of formula (I}, may
be about 1 mg/ke to about 1000 mg/kg, about 5 mg/kg to about 950 mg/kg, about 10 mg/ke to
about 900 myg/kg, about 15 my/kg to about 850 mg/kg, about 20 mg/kg to about 800 mg/kg,
about 25 mg/kg to about 750 mg/kg, about 30 mg/kg to about 700 mg/kg, about 35 mg/kg to
about 650 mg/kg, about 40 myg/kg to about 600 mg/kg, about 45 mg/kg to about 350 mg/kg,
about 50 mg/kg to about 500 mg/kg, about 55 mg/kg to about 450 mg/kg, about 66 mg/kg to
about 400 mg/ke, about 65 mg/kg to about 350 mg/kg, about 70 mg/kg to about 300 mg/kg,
about 75 mg/kg to about 250 moa/kg, about 80 me/kg to abowt 200 me/kg, about 85 me/ke to

about 150 mg/ke, and about 90 mg/kg to about 100 mg/ke.

00283} The pharmaceutical compostitons and formulations may include pharmaceutically

acceptable carriers. The term “pharmaceutically acceptable carrier,” as used herein, means a non-
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toxic, inert solid, semi-solid or liquid filler, diluent, encapsulating material or formulation
auxiliary 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 carboxymethy! cellilose, ethyl cellulose and cellulose acetate; powdered
tragacanth;, malt; gelatin; talc; excipients such as, but not limited to, cocoa butter and suppository
waxes; otls such as, but not limited to, peanut oil, cottonseed oil, safflower oil, sesame oil, olive
ail, corn oil and sovbean o1l; glycols; such as propylene glyeol; 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 limited to, sodium laury! 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.

[89264] Thus, the coropounds and therr pharmaceutically acceptable salts may be formulated
for administration by, for example, solid dosing, eve drop, i a topical oil-based formulation,
mjection, inhalation {etther through the mouth or the nose), implants, or oral, buccal, parenteral,
or rectal adounistration. Techniques and formulations may generally be found in “Renungton's
Pharmaceutical Sciences,” (Meade Publishing Co., Faston, Pa}). Therapeutic compositions must
typically be sterile and stable under the conditions of manmufacture and storage.

{00285} The route by which the disclosed 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, auvral,
ocular, liposome delivery systems, or iontophoresis).

[802086] Carners for systemic adminisiration typically include at feast one of diluenis,
lubricants, binders, disintegrants, colorants, flavors, sweeteners, antioxidants, preservatives,
elidants, solvents, suspending agents, wetting agents, surfactants, combinations thereof, and

others. All carriers are gptional in the compositions.
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{00207}  Suitable diluents include sugars such as glucose, lactose, dexirose, and sucrose; diols
such as propylene 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%.

{00288}  Suitable lubricanis include silica, tale, stearic acid and its magnesium salts and
calcium salts, calctum sulfate; and liqund lubricants such as polyethylene glycol and vegetable
oils such as peanut oil, cottonseed oil, sesame o1l, olive oil, corn oil and o1l of theobroma. The
amount of lubricant{(s) i a systemic or topical composition s typically about 3 to about 10%.
[00289]  Suitable binders include polyvinyl pyrrolidone; magnesium aluminum silicate;
starches such as corn starch and potato starch; gelatin; tragacanth; and cellulose and its
derivatives, such as sodium carboxymethylcellulose, ethyl cellulose, methylcellulose,
microcrystalline cellulose, and sodium carboxymethylcellulose. The amount of binder{s} in a
systemic composition is typically about S to about S0%.

{80210}  Suuable disintegrants include agar, alginic acid and the sodium salt thereof,
effervescent mixtures, croscarmellose, crospovidone, sodium carboxymethyl starch, sodium
starch glycolate, clays, and ion exchange resins. The amount of disintegrant(s) in a systemic or
topical composition is typically about 0.1 to about 10%.

{89211}  Suuable colorants include a colorant such as an FD&C dye. When used, the amount
of colorant in a systernic or topical composition is typically about 0.005 to about G.1%.

{09212} Sutable flavors include menthol, peppermint, and fruit flavors. The amount of
flavor(s), when used, i a systemic or topical composition 1s typically about 0.1 1o about 1.0%.
{09213} Suutable sweeteners include aspartame and saccharin. The amount of sweetener(s) in
a systemic of topical composiiion 1s typically about 0.001 to about 1%,

[B02314]  Sutable antigxadants include butylated hydroxyanisole ("BHA”), butylated
hydroxytoluene ("BHT™), and vitamin E. The amount of antioxidant{(s) m a systemic or topical
composition is fypically about 0.1 to about 5%.

[60215] Suitable preservatives include benzalkonium chloride, methyl paraben and sodium
benzoate. The amount of preservative(s) in a systemic or topical composition is typically about
0.01 to about 5%.

{80216}  Suitable glidants include silicon dioxide. The amount of glidant(s) in a systemic or

topical composition is typically about 1 to about 5%,
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{00217}  Suitable solvents include water, 1sotonic saline, ethyl oleate, glycerine, hydroxylated
castor oils, alcohols such as ethanol, and phosphate buffer solutions. The amount of solvent(s} in
a systemic or topical composition is typically from about 0 to about 100%.

{00218}  Suitable suspending agents include AVICEL RC-591 (from FMC Corporation of
Philadelphia, PA} and sedium alginate. The amount of suspending agent(s) in a systemic or
topical composition is typically about 1 to about 8%,

188219] 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 inthe CTF A Cosmetic Ingredient Handbook, 1992, pp 387-592;
Remington's Pharmaceutical Sciences, 15th BEd. 1973, pp. 335-337; and McCutcheon's Volume
1, Emulsifiers & Detergents, 1994, North American Edition, pp. 236-239. The amount of
surfactant(s} in the systemic or topical composition is typically about 0.1% to about 5%.

1802208}  Although the amounts of components in the systemic compositions may vary
depending on the type of systemic composition prepared, in general, systemic compositions
mclude 0.01% to 50% of an active compound {e.g., a compound of formula (1)) and 50% to
99.99% of one or more carriers. Compositions for parenteral administration typically muclude
0.1% to 10% of actives and 90% to 99.9% of a carrier including a diluent and a solvent.

[80221]  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 compositions mclude about 50% to about 95% of
carriers, and more particalarly, from about 50% to about 75%.

[86222] Tablets can be compressed, tablet triturates, enteric-coated, sugar-coated, film-coated,
or multiple-compressed. Tablets typically mnchude an active component, and a carrier comprising
mgredients selected from diluents, lubricants, binders, disintegrants, colorants, flavors,
sweeteners, glidants, and combinations thereof. Specific diluents mclude 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 dves, which
can be added for appearance. Chewable tablets preferably contain sweeteners such as aspartame

and sacchanin, or flavors such as menthol, peppermint, fruit flavors, or a combination thereof
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100223} Capsules (including implants, time release and sustained release formulations)
typically include an active compound {e.g., a compound of formula (1)), 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 io improve flow
characteristics. Implants can be of the biodegradable or the non-biodegradable type.

{80224} The selection of mgredients 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.

{00225 Schid compositions may be coated by conventional methods, typically with pH or
time-dependent coatings, such that a disclosed compound is released in 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, hydroxypropy! methyl
cellulose phthalate, ethyl cellulose, EUDRAGIT® coatings {available from Evonik Industries of
Essen, Germany), waxes and shellac.

99236}  Compositions for oral admuustration can bave liquid forms. For exarple, suiable
hguid forms include agueous solutions, emulsions, suspensions, solutions reconstifuted from
non-effervescent granules, suspensions reconstituted from non-effervescent granules,
effervescent preparations reconstituted from effervescent granules, elixirs, tinctures, syrups, and
the hike. Liquid orally administered compositions typically include a disclosed compound and a
carrter, namely, a carrier selected from diluents, colorants, flavors, sweeteners, preservatives,
solvents, suspending agents, and surfactants. Peroral hiquid compositions preferably include one
or more ingredients selected from colorants, flavors, and swesteners.

[882271  Other compositions useful for attaming systemic dehivery of the subject compounds
melude subhingual, buccal and nasal dosage forms. Such compositions typically include one or
more of soluble filler substances such as difuents including sucrose, sorbitol and mannitol; and
binders such as acacia, microcrysialline cellulose, carboxymethyl cellulose, and hydroxypropyl
methylcellulose. Such compositions may further include lubricants, colorants, flavors,
sweeteners, antioxidants, and glidants.

{00228} The disclosed compounds can be topically administered. Topical compositions that

can be applied locally 1o the skin may be in any form including solids, solutions, ¢ils, creams,
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ointments, gels, lotions, shampoos, leave-on and rinse-out hair conditioners, milks, cleansers,
motsturizers, sprays, skin patches, and the hike. 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.

{80229} The amount of the carrier employed 1n conjunction with a disclosed compound is
sufficient to provide a practical guantity of composition for administration per unit dose of the
compound. Techniques and compositions for making dosage forms useful in the methods of this
mnvention are described in the following references: Modern Pharmaceutics, Chapters 9 and 10,
Banker & Rhodes, eds. (1979); Lieberman et al., Pharmaceutical Dosage Forms: Tablets (1981},
and Ansel, Introduction to Pharmaceutical Dosage Forms, 2nd Bd., (1976).

{80230} A carrier may include a single ingredient or a combination of two or more
mgredients. 1n the topical compositions, the carrier includes a topical carrier. Suitable topical
carriers include one or more igredients selected from phosphate buffered saline, 1sotonic water,
deionized water, monofunctional alcohols, symmetrical aleohols, aloe vera gel, allantoin,
glycerin, vitarnin A and E oils, mineral o, propylene glyeol, PPG-2 myristy] propionate,
dimethyl 1sosorbide, castor oil, combinations thereof, and the like. More particularly, carriers for
skin applications include propylene glyeol, dimethyl isosorbide, and water, and even more
particularly, phosphate buffered saline, isotonic water, detonized water, monofunctional
alcohols, and symmetrical alcohols.

{80231}  The carrier of a topical composition may further include one or more ingredients
sefected from emollienis, propellants, solvents, humectants, thickeners, powders, fragrances,
pigments, and preservatives, all of which are optional.

[80232]  Sutable emollients mclude stearyi alcobol, glyceryl monoricinoleate, glyceryl
monostearate, propane-1,2-diol, butane-1,3-diol, mink o1l cetyl alcohol, sopropyl 1sostearate,
stearic actd, 1sobutyl palmitate, 1socetyl stearate, oleyl alcohol, 1sopropyl laurate, hexyl laurate,
decyl oleate, octadecan-2-0l, isocetyl alcohol, cetyl palmitate, di-n-butyl sebacate, sopropyl
myristate, isopropyvl palmitate, isopropyl stearate, butyl stearate, polyethylene glycol, triethylens
alyeol, lanolin, sesame oil, coconut o1l arachis ol castor oil, acetylated lanolin alcohols,
petroleurn, mineral o1l, butyl myristate, 1sostearic acid, palmitic acid, isopropyl linoleate, lauryl

jactate, myristy! lactate, decyl oleate, myrnistyl myristate, and combinations thereof. Specific
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emollients for skin include steary! alcohol and polydimethylsiloxane. The amount of emollient(s)
i a skin-based topical composition is typically about 5% to about 95%.

{80233}  Suitable propellants include propane, butane, isobutane, dimethyl ether, carbon
dioxide, mitrous oxide, and combinations thereof. The amount of propellant(s) i a topical
composttion is typically about 0% to about 95%.

{66234} Suitable solvents include water, ethy! alcohol, methylene chloride, isopropans!, castor
oil, ethyvlene glycol monoethyl ether, diethylene glycol monobuty! ether, diethylene glycol
monoethyl ether, dimethylsulfoxide, dimethyl formamide, tetrahydrofuran, and combinations
thereof. Specific solvenis include ethyl alcohol and homotopic alcohols. The amount of
solvent(s) in a topical composition is typically about 0% to about 95%,.

180235}  Suitable humectants include glycerin, sorbitol, sodium 2-pyrrolidone-S-carboxylate,
soluble collagen, dibutyl phthalate, gelatin, and combinations thereof. Specific humectants
melude glycerin. The amount of humectant(s} i1 a topical composition 1s typically 0% to 93%,.
{80236} The amount of thickener(s) in a topical composition is typically about 0% to about
95%.

{80237  Suitable powders include beta~-cyclodexiring, hydroxypropyl cyclodextrins, chalk,
talc, fullers earth, kaolin, starch, gums, collowdal silicon dioxide, sodium polvacrylate, tetra alkyl
ammonium smectites, trialkyl aryl ammonium smectites, chemically-modified magnesium
aluminum silicate, orgamcally-modified montmorillorute clay, hydrated aluminum silicate,
fumed silica, carboxyvinyl polymer, sodium carboxymethyl cellulose, ethylene ghveol
monostearate, and combmnations thereof. The amount of powder(s) i a topical composition is
typically 0% to 95%.

{80238} The amount of fragrance m a topical composition 1 typically about 0% to about
0.5%, particularly, about 0.001% to about 6.1%.

(80239}  Suitable pH adjusting additives include HCI or NaOH in amounts sufficient to adjust
the pH of a topical pharmaceutical composition.

[60246] The pharmaceutical composition or formulation may exiubit positive allosteric
modulation of mAChR My with an ECso of less than about 10 uM, less than about 5 pM, less
than about 1 M, less than about 500 nM, or less than about 100 nM. The pharmaceuiical

composttion or formulation may exhibit positive allosteric modulation of mAChR M4 with an
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ECs0 of between about 10 pM and about 1 nM, about 1 uM and about 1 nM, about 100 nM and
about 1 nM, or between about 10 nM and about 1 nM.

a. Spray-Dried Dispersion Formulations
{80241}  The disclosed compounds may be formulated as a spray-dried dispersion (SDD). An
SDD 15 a single-phase, amorphous molecular dispersion of a drug in a polymer matrix It s a
sofid 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
mereased solubility of Biopharmaceutics Classification System (BCS) class I ¢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 insufficient 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
bioavadabuity 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 msoluble compounds with a wide range of physical
properties,
[80242] Thus, in one embodiment, the disclosure may provide a spray-dried dispersion
formulation comprising a compound of formula (1)
4. DMethods of Use
{00243} The disclosed compounds, pharmaceutical compositions and formulations may be
used in methods for treatment of disorders, such as neurological and/or psychiatnie disorders,
associated with muscarinic acetylcholine receptor dysfunction. The disclosed compounds and
pharmaceutical compositions may also be used in methods for the potentiation of muscarinic
acetylchohine receptor activity in a mammal, and in methods for enhancing cognition in a
mamimal. The methods further include cotherapeutic methods for improving treatment outcomes
in the context of cognitive or behavioral therapy. In the methods of use described herein,
additional therapeutic agent(s) may be administered simultaneously or sequentially with the

disclosed compounds and composttions.
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a. Treating disorders
{80244}  The disclosed compounds, pharmaceutical compositions and formulations may be
used for treating disorders, or used in methods for treatment of disorders, such as nearological
and/or psychiatric disorders, associated with muscarinic acetyicholine receptor dysfunciion. The
methods of treatment may comprise administering to a subject in need of such treatment a
therapeutically effective amount of the compound of formula (I}, or a pharmaceutical
compostiion comprising a therapeutically effective amount of a compound of formula (1}
[606245]  In some embodiments, the disclosure provides a method for enhancing cognition ina
mammal comprising the step of adminisiering to the mammal a therapeutically effective amount
of the compound of formula (1), or a pharmaceutical composition comprising a therapeutically
effective amount of a compound of formula (I).
{80246} The compounds and compositions disclosed herein may be useful for treating,
preventing, ameliorating, controlling or reducing the risk of a variety of disorders associated with
selective mAChR M receptor activation. For example, a treatment can include selective mAChR
M. receptor activation to an extent effective to affect cholinergic activity. A disorder can be
associated with cholinergic activity, for example cholinergic hypotfunction. Thus, provided is a
method of treating or preventing a disorder in a subject comprising the step of administering to
the subject at least one disclosed compound or at least one disclosed pharmaceutical
composiiion, in an amount effective to treat the disorder in the subject.
{80247} Also provided 1s a method for the treatment of one or more disorders associated with
mACHR M receptor activity in a subject comprising the step of 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.
[80248] In some embodiments, the disclosure provides a compound of formula (1), or a
pharmaceutically acceptable salt thereof, for use in a method for the treatment of a disorder
associated with the mAChR Ma receptor. In some embodiments, the disclosure provides a
pharmaceutical composition comprising a compound of formula (1), or a pharmaceutically
acceptable salt thereof, for use in a method for the treatment of a disorder associated with the

mAChR Ms receptor.
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180249}  In some embodiments, the disclosure provides a compound of formula (I}, or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
treatment of a disorder assoctated with the mAChR My receptor.

{80250}  In some embodiments, the disclosure provides a method for the treatment of a
disorder associated with muscarinic acetylcholine receptor dysfunction in a mammal, comprising
the step of admnistering to the mammal an effective amount of at least one disclosed compound
or a pharmaceutically acceptable salt thereof, or a pharmaceutical compostiion comprising at
least one disclosed compound or pharmaceutically acceptable salt thereof

{00251} In some embodiments, the disclosure provides a compound of formula (I), or a
pharmaceutically acceptable salt thereof, for use in a method for the treatment of a disorder
associated with muscarinic acetylcholine receptor dysfunction in a mammal

100252}  In some embodiments, the disclosure provides a pharmaceutical composition
comprising a compound of formula (1), or a pharmaceutically acceptable salt thereof, foruseina
method for the treatment of a disorder associated with muscarinic acetylcholine receptor
dysfunction in a manmmal,

992531 In some emboduments, the disclosure provides a compound of formula (I), or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
treatment of a disorder associated with muscarinic acetyvicholine receptor dysfunction in a
mammal.

[B0254] In some embodiments, the disclosed compounds and compositions have utility n
treating a variety of neuroclogical, psychiairic and cognitive disorders associated with the
mAChR M receptor, including one or more of the following conditions or diseases:
schizophrenia, psychotic disorder NOS, brief psychotic disorder, schizophreniform disorder,
schizoaffective disorder, delusional disorder, shared psychotic disorder, catastrophic
schizophrenia, postpartum psychosis, psychotic depression, psychotic break, tardive psychosis,
myxedematous psychosis, sccupational psychosis, menstrual psychosis, secondary psychotic
disorder, bipolar I disorder with psychotic features, and substance-induced psychotic disorder. In
some embodiments, the psychotic disorder is a psychosis associated with an iliness selected from
major depressive disorder, affective disorder, bipolar disorder, elecirolvte disorder, Alzheimer’s

disease, neurclogical disorder, hypoglycemia, AIDS, lupus, and post-traumatic stress disorder.
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180255}  In some embodiments, the disclosure provides a compound of formula (I}, or a
pharmaceutically acceptable salt thereof, for use in a method for the treatment of a neurological,
psychiatric, or cognitive disorder associated with the mAChR Mu receptor, in particular, the
disorders described heremn. In some embodiments, the disclosure provides a pharmaceutical
compostiion comprising a compound of formula (1}, or a3 pharmaceutically acceptable salt
thereof, for use in a method for the treatment of a neurclogical, psychiatric, or cognitive disorder
associated with the mAChR My receptor, in particular, the disorders described herein. In some
embodiments, the disclosure provides a compound of formula (1), or a pharmaceutically
acceptable salt thereof, for use in the manufacture of a medicament for the treatment of a
neurological, psychiatric, or cognitive disorder associated with the mAChR My receptor, in
particular, the disorders described herein.

{80256}  In some embodiments, the disorder 13 a neurological disorder selected from brain
tumor, dementia with Lewy bodies, multiple sclerosis, sarcoidosis, Lyme disease, syphilis,
Alzheimer’s disease, Parkinson’s disease, and anti-NMIDA receptor encephalitis.

{86237} In some embodiments, the disorder 1s a psychotic disorder selected from
schizophrenia, brief psychotic disorder, schizophreniform disorder, schizoaffective disorder,
delusional disorder, and shared psychotic disorder. In some embodiments, the schizophrenia 1s
sefected from catastrophic schizophrenia, catatonic schizophrenia, paranoid schizophrenia,
residual schizophrenia, disorganized schizophrema, and undifferentiated schizophrenia. Tn some
embodiments, the disorder 1s selected from schizoid personality disorder, schizotypal personality
disorder, and paranoid personality disorder. In some embodiments, the psychotic disorder 1s due
to a general medical condition and 13 substance-induced or drug-induced (phencychidine,
ketamine and other dissociative anesthetics, amphetamine and other psychostimulants, and
cocaine).

{80238} In some embodiments, the present disclosure provides a method for treating a
cogmiive disorder, comprising administering to a patient in need thereof an effective amount of a
compound or a composition of the present disclosure. In some embodiuments, cognitive disorders
mnchude dementia (associated with Alzheimer’s disease, 1schemia, multi-infarct dementia, trauma,
vascular problems or stroke, HIV disease, Parkinson’s disease, Huntingion’s disease, Pick’s
disease, Creutzfeldt-Jacob disease, perinatal hypoxia, other general medical conditions or

substance abuse), deliriom, amnestic disorder, substance-induced persisting delirium, dementia
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due to HIV disease, dementia due to Huntington’s disease, dementia due to Parkinson’s disease,
Parkinsonian-ALS demential complex, dementia of the Alzheimer’s type, age-related cognitive
decline, and mild cognitive impairment.

[80289F  The text revision of the fourth edition of the Diagnostic and Statistical Manual of
Mental Disorders (BSM-IV-TR) (2000, American Psychiatric Association, Washington DC)
provides a diagnostic tool that includes cogmitive disorders including dementia, delirium,
amnestic disorders and age-related cognitive decline. The fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) {2013, American Psychiatric Association,
Washington DC) provides a diagnostic tool for neurocognitive disorders (NCDs) that include
delirium, followed by the syndromes of major NCD, mild NCD, and their etiological subtypes.
The major or mild NCD subtypes include NCD due to Alzheimer’s disease, vascular NCD, NCD
with Lewy bodies, NCD due to Parkinson’s disease, frontotemporal NCD, NCD due to traumatic
brain injury, NCD due to HIV infection, substance/medication-induced NCE, NCD due to
Huntington’s disease, NCD due to prion disease, NCD due to another medical condition, NCD
due to multiple etiologies, and unspecified NCD. The NCD category in DSM-5 encompasses the
group of disorders 1 which the primary clinical deficit s m cognitive function, and that are
acquired rather than developmental. As used herein, the term “cognitive disorders”™ includes
treatment of those cognitive disorders and neurocognitive disorders as described in DSM-IV-TR
or BSM-5. The skilled artisan will recognize that there are alternative nomenclatures, nosologies
and classification systems for mental disorders, and that these systems evolve with medical and
scientific progress. Thus the term “cognitive disorders™ 13 intended to include hike disorders that
are described in other diagnostic sources.

{80260}  In some embodiments, the present disclosure provides a method for treating
schizophrenia or psychosis, comprising admmistering to a patient i need thereof an effective
amount of a compound or composition of the present disclosure. Particular schizophremia or
paychosis pathologies are paranoid, disorganized, catatonic or undifferentiated schizophrenia and
substance-induced psychotic disorder. DSM-IV-TR provides a diagnostic tool that includes
paranoid, disorganized, catatonic, undifferentiated or residual schizophrenia, and substance-
mduced psychotic disorder. DSM-5 eliminated the subtypes of schizophrenia, and instead
mcludes a dimensional approach to rating severity for the core symptoms of schizophrenia, to

capture the heterogeneity i symptom type and severity expressed across individuals with
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psychotic disorders. As used herein, the term “schizophrema or psychosis” includes treatment of
those mental disorders as described in DSM-IV-TR or BSM-5. The skilled artisan will recognize
that there are alternative nomenclatures, nosologies and classification systems for mental
disorders, and that these systems evolve with medical and scientific progress. Thus the term
“schizophrenia or psychosis” is intended to include like disorders that are described in other
diagnostic sources.

{00261} In some embodiments, the present disclosure provides a method for treating pain,
comprising administering to a patient in need thereof an effective amount of a compound or
composition of the present disclosure. Particular pain embodiments are bone and jomt pain
{osteocarthritis}, repetitive motion pan, dental pain, cancer pain, myofascial pain {muscular
wjury, fibromyalgia), perioperative pain {general surgery, gynecological), chronic pain and
neurcpathic pain.

180262} The compounds and composiiions may be further useful in 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 in a method for
the prevention, treatment, control, amelioration, or reduction of risk of the aforementioned
diseases, disorders and conditions, in combination with other agents.

[86263]  In the treatment of conditions which require activation of mAChR M, 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 8.5 to about 100 mg/kg per day. A suitable 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 0.05 10 0.5, 0.5 to 5 or 5 0 50 mg/kg per day. For oral
administration, the compositions may be provided m the form of tablets containing 1.0 to 1000
milligrams of the active ingredient, particularly 1.0, 5.6, 10, 15, 20, 25, 50, 75, 100, 150, 200,
250, 300, 460, 500, 600, 750, 800, 900, or 1000 milligrams of the active ingredient for the
symptomatic adjustment of the dosage to the patient to be treated. The compounds can be
administered on a regimen of 1 10 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 undersiood,
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
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employed, the metabolic stability and length of action of that compound, the age, body weight,
general health, sex, diet, mode and time of administration, rate of excretion, drug combination,
the severity of the particular condition, and the host undergoing therapy.

{80264} Thus, in some embodiments, the disclosure relates to a method for activating mAChR
M. receptor activity 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 disciosed method in an amount
effective to activate mAChR My in the at least one cell. In some embodiments, the cell 1s
mammalian, for example, human. 1n some embodiments, the cell has been isolated from a
subject prior to the contacting step. In some embodiments, contacting is via administration to a
subject.

180265}  Insome embodiments, the nvention relates to a method for activating mAChR My
activity in a subject, comprising the step of administering to the subject at least one disclosed
compound or at least one product of a disclosed method in a dosage and amount effective 1o
activating mAChR My activity in the subject. In some emboduments, the subject 1s mammalian,
for example, human. In some embodiments, the mamunal has been diagnosed with a need for
mACHR M agonism prior 1o the administering step. In some embodiments, the marmmal has
been diagnosed with a need for mAChR Mu activation prior to the admimistering step. In some
embodiments, the method further comprises the step of identifying a subject in need of mACHR
Ma agonism.

{89266}  In some embodiments, the mvention relates to a method for the treatment of 8
disorder associated with selective mACHR My activation, for example, a disorder associated with
cholinergic activity, in & mammal comprising the step of admmistering to the mammal at least
one disclosed compound or at least one product of a disclosed method n a dosage and amount
effective to treat the disorder in the mammal. In some embodiments, the mammal 15 a human. In
some embodiments, the marmal has been diagnosed with a need for treatment for the disorder
prior to the administering step. In some embodiments, the method further comprises the step of
identifying a subject in need of treatment for the disorder.

180267}  In some embodiments, the disorder can be selected from psychosis, schizophrenia,
conduct disorder, disruptive behavior disorder, bipolar disorder, psychotic episodes of anxiety,
anxiety associated with psychosis, psychotic mood disorders such as severe major depressive

disorder; mood disorders associated with psychotic disorders, acute mania, depression associated
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with bipolar disorder, mood disorders associated with schizophrenia, behavigral manifestations
of mental retardation, autistic disorder, movement disorders, Tourette’s syndrome, akinetic-rigid
syndrome, movement disorders associated with Parkinson’s disease, tardive dyskinesia, drug
mduced and neurodegeneration based dyskinesias, attention deficit hyperactivity disorder,
cognitive disorders, demeniias, and memory disorders.
{00268} In some embodiments, the disorder 1s Alzheimer’s disease.

b. Potentiation of Musearinic Acetyicholine Receptor Activity
{60269}  In some embodiments, the disclosure relates to a method for potentiation of
muscarinic acetylcholine receptor activity in 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.
1802708}  Insome embodiments, the disclosure provides a compound of formula (), or a
pharmaceutically acceptable salt thereof, for use 1n a method for the potentiation of muscarinic
acetylcholine receptor activity in a mamuual. o some embodiments, the disclosure provides a
pharmaceutical composition comprising a compound of formula (1), or a pharmaceutically
acceptable salt thereof, for use 10 a method for the potentiation of muscariuc acetylcholine
receptor activity in a mammal.
{80271} In some embodiments, the disclosure provides a corapound of formula (I), or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
potentiation of muscarinic acetylcholine receptor activity i a mammal,
{89272}  In some emboduments, potentiation of muscarinic acetylcholine receptor activity
mereases muscarnnc acetylcholine receptor activity. In some embodiments, potentiation of
muscarimic acetyicholine receptor activity is partial agonism of the musearinc acetyicholine
receptor. In some embodiments, potentiation of muscarinic acetylcholine receptor activity is
positive allosteric modulation of the muscarinic acetylcholine receptor.
[860273] Insome embodiments, the compound administered exhibits potentiation of mAChR
M with an ECse of less than about 10 uM, less than about 5 pM, less than about 1 pM, fess than
about 500 nM, or less than about 100 nM. In some embodiments, the compound administered
exhibits potentiation of mACHR M with an ECso of between about 10 pM and about 1 nb4,
about 1 uM and about 1 nM, about 100 nM and about 1 nM, or about 10 nM and about 1 nM.
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180274}  In some embodiments, the mammal is a human. In some embodiments, the mammal
has been diagnosed with a need for potentiation of muscarinic acetylchsline receptor activity
prior to the administering step. In some embodiments, the method further comprises the step of
identifying a mammal in need of potentiating muscarinic acetyicholine receptor activity. In some
embodiments, the potentiation of muscarinic acetyicholine receptor activity treats a disorder
associated with muscarinic acetylcholine receptor activity i the mammal. In some embodiments,
the muscarinic acetylchohine receptor 1s mAChR M.
{60275}  In some embodiments, potentiation of muscarinic acetylcholine receptor activity ina
mammal 1s associated with the treatment of a neurological and/or psychiatric disorder associated
with a muscarinic receptor dysfunction, such as a neurological or psychiatric disorder disclosed
herein. In some embodiments, the muscarinic receptor is mAChR M
180276}  In some embodiments, the disclosure provides to a method for potentiation of
muscarinic acetyicholine receptor activity 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 15 mammalian {e.g., human). Tn some embodiments,
the cell has been isolated from a mammal prior to the contacting step. Tn some embodiments,
comtacting 18 via adnunistration to a mamunal.

¢. Enhancing Cognition
180277}  In some embodiments, the invention relates to a method for enhancing cognition in a
mammal comprising the step of administering to the mammal an effective amount of least one
disclosed compound; or a pharmaceutically acceptable salt, hydrate, solvate, or polymorph
thereof.
{80278}  In some embodiments, the disclosure provides a compound of formula (I), or a
pharmaceutically acceptable salt thereof, for use in a method for the enhancment of cognition in
a mammal. In some embodiments, the disclosure provides a pharmaceutical composition
comprising a compound of formula (1), or a pharmaceutically acceptable salt thereof, for use ina
method for the enhancment of cognition it a mammal.
180278}  In some embodiments, the disclosure provides a compound of formula (I}, or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the

enhancment of cognition in a mammal.
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100280} In some embodiments, the mammal is a human. In some embodiments, the mammal
has been diagnosed with a need for cognition enhancement prior to the administering step. In
some embodiments, the method further comprises the step of identifying & mammal 1n need of
cognition enhancement. 1n some embodiments, the need for cognition enhancement is associated
with a muscarinic receptor dysfunction. In some embodiments, the muscarinic receptor is
mACHhR My
{00281} In some embodiments, the cogmition enhancement 1s a statistically significant
merease in Novel Object Recognition. In some embodiments, the cognition enhancement is a
statistically significant increase in performance of the Wisconsin Card Sorting Test.

d. Cotherapeutic methods
100282}  The present mvention 1s further directed to administration of a selective mAChR My
activator for improving treatment outcomes in the context of cognitive or behavioral therapy.
That i3, in some embaodiments, the invention 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.
99283}  Insome emboduments, the disclosure provides a compound of formula (I), or a
pharmaceutically acceptable salt thereof, for use in a cotherapeutic method with cognitive or
behaviorial therapy in a mammal. In some embodiments, the disclosure provides a
pharmaceutical composition comprising a compound of formula (I}, or a pharmaceutically
acceptable salt thereof, for use i a cotherapeutic method with cognitive or behaviorial therapy in
a mammal.
{00284} In some embodiments, the disclosure provides a compound of formala (I}, or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for a
cotherapeutic method with cognitive or behaviorial therapy in a2 mammal.
{80285}  In some embodiments, admimstration improves treatrent outcomes in the context of
cogmiive or behavioral therapy. Admunistration in connection with cognitive or behavioral
therapy can be continuous or intermittent. Administration need not be simultanecus with therapy
and can be before, during, and/or after therapy. For example, cognitive or behavieral 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 administration of the compound. As a stil} further example, cognitive or
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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.
{00286} It 1s understood that the disclosed cotherapeutic metheds can be used in connection
with the disclosed compounds, compositions, kits, and uses.

e. Combination Therapies
[606287]  In the methods of use described herein, additional therapeutic agent(s) may be
administered simultaneousiy or sequentially with the disclosed compounds and compositions.
Sequential administration includes adnunistration before or after the disclosed compounds and
compositions. In some embodiments, the additional therapeutic agent or agents may be
administered m the same composition as the disclosed compounds. In other embodiments, there
may be an interval of time between adnunistration 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 1n 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 1s used singly. Accordingly, the pharmaceutical
compositions of the present invention include those that contain one or more other active
mgredients, 1o addition to a compound of Formula (1), 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.
[80288] The disclosed compounds can be used as single agents or m combination with one or
more other drugs in the freatment, prevention, control, amelioration or reduction of risk of the
aforementioned diseases, disorders and conditions for which the compound or the other drugs
have utility, where the combmation of drugs together are safer or more effective than either drug
alone. The other drug(s) can be administered by a route and 10 an amount commonly used
therefor, contemporancously or sequentially with a disclosed compound. When a disclosed
compound is used contemporaneously with one or more other drugs, a pharmaceutical
composttion m unit dosage form containing such drugs and the disclosed compound may be
used. However, the combination therapy can also be administered on overlapping schedules. It is
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 in combination with one
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or more other active ingredients, the disclosed compounds and the other active ingredients can be
used in lower doses than when each 1s used singly.

00288}  The pharmaceutical composttions and methods of the present invention can further
comprise other therapeutically active compounds as noted herein which are usually applied in the
treatment of the above mentioned pathological conditions.

{80290} The above combinations include combinations of a disclosed compound not only with
one other 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, amehioration, or reduction of risk of the diseases or conditions for
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 15 used contemporaneously with
one or more other drugs, a pharmaceutical composition containing such other drugs in addition
to a disclosed compound s preferred. Accordingly, the pharmaceutical composttions include
those that also contain one or more other active ingredients, 1o addition to a compound of the
present ipvention,

{80281} The weight ratio of a disclosed compound to the second active ingredient can be
varied and will depend upon the effective dose of vach ingredient. Generally, an effective dose of
each will be used. Thus, for example, when a compound of the present nvention is combined
with angther 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 1:260. Combinations
of a compound of the present invention and other active ingredients will generally also be within
the aforementioned range, but 1y each case, an effective dose of each active ingredient should be
used.

180292}  Insuch combinations a disclosed compound and other active agents can be
admingstered separately or it conjunction. In addition, the admmnistration of one element can be
prior to, concurrent to, or subsequent to the administration of other agent(s).

180293}  Accordingly, the disclosed compounds can be used alone or in 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
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side effects or toxicity of the disclosed compounds. The subject compound and the other agent
can be coadministered, either in concomitant therapy or in a fixed combination.

{80284}  In some embodiments, the compound can be employed 1n combination with anti-
Alzheimer’s agents, beta-secretase inhibitors, cholinergic agents, gamma-secretase inhibiiors,
HMG-CoA reduciase inhibitors, Ms allosteric agonists, My positive allosteric modulators,
NSAIDs inchuding tbuprofen, vitamin E, and anti-amyloid antibodies. In another embodiment,
the subject compound can be employed in combination with sedatives, hypnotics, anxiolytics,
antipsychotics {typical and atypical), antianxiety agents, cyclopyrrolones, imidazopyridines,
pyrazolopyrimidines, minor tranquilizers, melatonin agonists and antagorusis, melatonergic
agents, benzodiazepines, barbiturates, SHT-2 antagonists, and the like, such as: adinazolam,
allobarbital, alonimid, alprazolam, amisulpride, amitriptyline, amobarbital, amoxapine,
aripiprazole, bentazepam, benzoctamine, brotizolam, bupropion, busprione, butabarbital,
butalbital, capuride, carbocloral, chloral betaine, chloral hydrate, clomipramine, clonazepam,
cloperidone, clorazepate, chlordiazepoxide, clorethate, chlorpromazine, clozapine, cyprazepam,
desipramine, dexclamol, diazeparn, dichloralphenazone, divalproex, diphenhydramine, doxepin,
estazolam, ethchlorvynol, etonudate, fenobam, flurutrazepam, flupentixol, fluphenazine,
flurazepar, fluvoxanune, fluoxetine, fosazepam, glutethimide, halazepam, haloperidol,
hydroxyzine, timipramine, Bithium, forazepam, lormetazepam, maprotiline, mecloqualone,
melatonin, mephobarbital, meprobamate, methaqualone, midaflur, midazolam, nefazodone,
nisobamate, nitrazepam, nortriptyline, olanzapine, oxazepam, paraldehyde, paroxeting,
pentobarbital, perlapine, perphenazine, phenelzine, phenobarbital, prazepam, promethazine,
propofol, protriptyline, quazepam, quetiapme, reclazepam, nisperidone, roletamide, secobarbital,
sertraline, suproclone, temazepam, thioridazine, thiothixene, tracazolate, tranyleypromaine,
trazodone, triazolam, trepipam, tricetamide, triclofos, trifluoperazine, frimetozine, trimupraming,
uldazepam, venlafaxine, zaleplon, ziprasidone, zolazepam, zolpidem, and salts thereof, and
combinations thereof, and the like, or the subject compound can be administered in conjunction
with the use of physical methods such as with light therapy or electrical stimulation.

100295}  In some embodiments, the compound can be employed in combination with levodopa
{with or without a selective extracerebral decarboxylase inhibitor such as carbidopa or
benserazide), anticholinergics such as biperiden (optionally as its hydrochloride or lactate salt)

and trihexvphenidy! (benzhexol) hydrochioride, COMT mhibttors such as entacapone, MOA-B
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mhibitors, antioxidants, A2a adenosine recepior antagonists, cholinergic agonists, NMDA
receplor antagonists, serotonin receptor antagonists and dopamine receptor agonisis such as
alentemol, bromecriptine, fenoldopam, lisuride, naxagolide, pergolide and pramipexole. 1t will
be appreciated that the dopamine agonist can be in the form of a pharmaceutically acceptable
salt, for example, alentemol hydrobromide, bromocriptine mesylate, fensldopam mesylate,
naxagolide hydrochloride and pergolide mesylate. Lisuride and pramipexol are commonly used
in a non-salt form.

{60296}  In some embodiments, the compound can be employed in combination with a
compound from the phenothiazine, thioxanthene, heterocyclic dibenzazepine, butyrophenone,
diphenylbutylpiperidine and indolone classes of neurolepiic agent. Suriable examples of
phenothiazines include chlorpromazine, mesoridazine, thioridazine, acetophenazine,
fluphenazine, perphenazine and trifluoperazine. Suitable examples of thioxanthenes include
chlorprothixene and thiothixene. An example of a dibenzazepine is clozapine. An example of a
butyrophenone is haloperidol. An example of a diphenylbutylpiperidine is pimozide. An example
of an indolone 1 molindolone. Gther neuroleptic agents include loxapine, sulpinide and
risperidone. It will be appreciated that the neuroleptic agents when used 1o corabination with the
subject compound can be in the form of a pharmaceutically acceptable salt, for example,
chlorpromazine hydrochioride, mesoridazine besylate, thioridazine hydrochloride,
acetophenazine maleate, fluphenazine hydrochlonde, flurphenazine enathate, fluphenazine
decanoate, trifluoperazine hydrochloride, thiothixene hydrochloride, haloperidol decanoate,
loxapine succinate and molindone hvdrochlonide. Perphenazine, chlorprothixene, clozaping,
haloperidoi, pimozide and risperidone are commonly used jn a non-salt form. Thus, the subject
compound can be employed in combination with acetophenazine, alentemol, anpiprazole,
amisulpride, benzhexol, bromocriptine, biperiden, chiorpromazine, chiorprothixene, clozapine,
diazepam, fenoldopam, fluphenazine, haloperidol, levedopa, levodopa with benserazide,
fevodopa with carbidopa, lisunide, loxapine, mesoridazine, mohindolone, naxagoiide, olanzapine,
pergolide, perphenazine, pimozide, pramipexole, quetiapine, risperidone, sulpiride,
tetrabenazine, trihexyphenidyl, thioridazine, thiothixene, trifluoperazine or ziprasidone.

[80297F  Insome embodiments, the compound can be employed in combination with an anti-
depressant or anti-anxiety agent, including norepinephrine reuptake inhibitors {including tertiary

amine tricyclics and secondary amine tricyelics), selective serotonin reuptake inhibitors (SSRis},
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monocamine oxidase inhibitors (MAOQIs), reversible inhibitors of monocamine oxidase (RIMAs},
serotonin and noradrenaline reupiake inhibitors (SNRUs), corticotropin releasing factor ({CRF)
antagonists, g-adrencreceptor antagonists, neurckinin-1 receptor antagonisis, atypical anti-
depressants, benzodiazepines, 5-HT1A agonists or antagonists, especially 5-HT1A partial
agomsts, and corticotropin releasing factor (CRF) antagonisis. Specific agents inclade:
amiiriptyline, clomipramine, doxepin, imipramine and frimipramine, amoxapine, desipraming,
maprotitine, nortriptyline and protriptyling; fluoxetine, fluvoxamine, paroxetine and sertraline;
isocarboxazid, phenelzine, tranyleypromine and selegiline, moclobemide: venlafaxine;
duloxetine; aprepitant; bupropion, hithium, nefazodone, trazodone and viloxazine; alprazolam,
chlordiazepoxide, clonazepam, chlorazepate, diazepam, halazepam, lorazepam, oxazepam and
prazepam; buspirone, flesinoxan, gepirone and ipsapirone, and pharmaceutically acceptable salts
thereof.
180298}  Insome embodiments, the compounds can be coadministered with orthosteric
MUSCATINIC AgONIsts, muscarinic potentiators, or cholinesterase inhibitors. In some embodiments,
the coropounds can be coadministered with GlyT1 inlubitors and the like such as, but not hmited
to: risperidone, clozapine, haloperidol, fluoxetine, prazepam, xanomeline, lithium, phenobarbitol,
and salis thereof and combinations thereof

f. Modes of Administration
[80299] Methods of treatment may melude any number of modes of administering a disclosed
composttion. Modes of admimstration may include tablets, pills, dragees, hard and soft gel
capsules, granules, pellets, agueous, lipid, oily or other solutions, emulsions such as oil-in-water
emulsions, liposomes, aguecus or otly suspensions, syrups, elixirs, solid emulsions, solid
dispersions or dispersible powders. For the preparation of pharmaceutical compositions for oral
administration, the agent may be admixed with commonly known and used adjuvants and
excipients such as for example, gum arabic, talcum, starch, sugars {such as, e g, mannitose,
methyl cetlulose, lactose), gelatin, surface-active agents, magnesium stearate, aqueous or 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 alcoheol) or bioavailability enhancers {e.g. Gelucire. TM.}. In the
pharmaceutical composition, the agent may also be dispersed in a microparticle, e.g. a

nanoparticulate composition.
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180380} For parenteral administration, the agent can be dissolved or suspended ina
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 limitation,
olive oil, peanut oil, cottonseed otl, soybean otl, castor o1l and sesame o1l may be used. More
generally spoken, for parenteral administration, the agent can be in the form of an aqueous, lipid,
oily or other kind of solution or suspension or even administered in the form of Hiposomes or
nano-suspensions.
{60361}  The term “parenterally.” as used herein, refers to modes of administration whic
imnclude imtravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous and intraarticular
myection and fusion
S, Kits
180302}  In one aspect, the disclosure provides kits comprising at least one disclosed
compound or a pharmaceutically acceptable salt thereof, and one or more of:

{a) atleast one agent known to mcrease mAChR Ms activity;

{b) atleast one agent known to decrease mACHR My activity;

{c} atleast one agent known to treat a disorder associated with cholinergic activity;

{dy mstructions for treating a disorder associated with cholinergic activity;

{e} 1ostructions for treating a disorder associated with Ma receptor activity; or

{fy nstructions for administering the compound 1o connection with cognitive or

behavioral therapy.

{80383}  In some embodiments, the at least one disclosed compound and the at east one agent
are co-formulated. In some embodiments, the at teast 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 drag 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 dehivery to a patient.
[60384] The disclosed kits can be emploved 1 connection with disclosed methods of use.
100365}  The kits may further comprise information, instructions, or both that use of the kit
may provide treatment for medical conditions in mammals {particularly humans}. The
mformation and msiructions may be m the form of words, pictures, or both, and the like. In

addition or in the alternative, the kit may include the compound, a compaosition, or both; and
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nformation, instructions, or both; regarding methods of application of compound, or of
composition, for example with the benefit of treating or preventing medical conditions in
mammals {e.g., humans).

{80306} The compounds and processes of the invention will be better understood by reference
to the following examples, which are intended as an itustration of and not a limitation upon the
scope of the mvention.

6. Examples

{00307]  All NMR spectra were recorded on a 400 MHz AMX Bruker NMR spectrometer. 'H
chemical shifts are reported in & values in ppm downfield with the deuterated solvent as the
mternal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, bs =
broad singlet, d = doublet, t = triplet, q = guartet, dd = doublet of doublets, m = multiplet, ABg =
AB quartet), coupling constant, integration. Reversed-phase LCMS analysis was performed
using an Agilent 1200 system comprised of a binary pump with degasser, high-performance
autosampler, thermostatted column compartment, C18 column, dicde-array detector (DAD) and
an Agitent 6130 MSD with the following parameters. The gradient conditions were 5% 10 95%
acetonttrile with the aqueous phase 0.1% TFA 1o water over 1.4 minutes, hold at 95%
acetorutrile for 0.1 mn, 0.5 mL/min, 55° C (“90 sec method”). Samples were separated on a
Waters Acquity UPLC BEH C18 colunin (1.7 um, 1.0 x 50 num) at 0.5 mE/oun, with column
and solvent temperatures maintained at S5 °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 MK detector
was configured with an electrospray ionization source, and the low-resolution mass specira were
acquired by scanmng from 140 to 700 AMLI with a step size of 0.2 AMU at (.13 cycles/second,
and peak width of 0.008 minutes. The drying gas flow was set to 13 liters per minute at 300 °C
and the nebulizer pressure was set to 30 psi. The capllary 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.

a. Preparation of Intermediates

(@]

O
Br Br
i DMF, 0°C PP o~
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100368} Ethy!l 5-brome-6-hydroxy-2-methylnicotinate. To a solution of ethyl-2-methyl-6-
oxo-1,6-dihydropyridine-3-carboxyate (10 g, 55.2 mmol} in DMF (185 mL) at 0 °C was slowly
added N-bromosuccinimide (10.8 g, 60.7 mmol} portionwise. The ice bath was removed. After
18 h, to the reaction was added saturated sodium bisulfite (aq) and stirred for 30 min. The
reaction was filtered and the collected solid was dried by vacuum oven to afford the title
compound {14.2 g). 'H NMR (400 MHz, DMSO) §8.15 (s, 1H), 4.20 (q, J = 7.1 Hz, 2H), 3.32 (s,
3H), 2.55 (s, 1H), 1.27(t, J= 7.1 Hz, 3H}); ES-MS [M+1]+ 260.0/262.0.

il
P / 5°0 Br
ar i;\m MeCN, 85°C

| + c

{80369} Ethyl S-bromo-6-chlorg-2-methylnicotinate. To a 500 mL round bottom flask was
added ethy! S-bromo-6-hydroxy-2-methylnicotinate (14.2 g, 54.6 mmol} in MeCUN (300 mL)
followed by phosphorous (V) oxychloride (29.4 mi., 316 mmol}. The reaction was equipped with
a condenser and heated at 85 °C. After 18 h, the mixture was cooled to room temperature and
concentrated. The residue was dissolved in DCM (10 mb) and slowly added dropwise to a
stirred solution of saturated aqueous NaHCG; solution, keeping the pH >7. Additional BCM (25
mb} was added and the mixture was allowed to stir for 30 min. The organic layer was separated
and the aqueous layver was re~extracted with 3:1 chloroform/IPA (3 x 20 mL). The combined
organic layers were dried (MgSQOu), filtered, and concentrated. The crude residue was purified by
normal-phase chromatography {0-25% EtOAc/Hexanes) to afford the title compound (12 g). 'H
NMR (400 MHz, CDCE) 38840 (s, 1H), 438 (g, J=71Hz 2H), 2.76 (s, 3H), 140 (1, I=71 Hz,
3H), ES-MS [M+11+: 277.9/279.9.

O Br O
B g QQR/N%C, AIBN,CCly  Bra Ao
o A ~ d_ g
cI” N 50-80°C o N

{80310} FEthy!l 5-bromo-2-(bromomethyl}-6-chlorenicotinate, To a solution of ethyl 5-

bromg-6-chloro-2-methylnicotinate (12 g, 43.1 mmol} and 2,2-azobis{(2-methylpropionitrile)

{0.71 g, 4.3 mmol} in carbon tetrachloride (287 mL} at 50 °C was added portionwise N-
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bromosuccinimide (8.43g, 47.4 mmol}. After 30 min, the reaction was heated to 80 °C. After 18
h, the reaction was cooled to room temperature, diluted with water, and the organic layer was
separated. The aqueous laver was extracted with DCM (3 x 50 mbL). The combined organic
javers were dried (MgSQs}, filtered, and concentrated. The crude residue was purified by
normal-phase chromatography (0-4% EtOAc/Hexanes) to afford the title compound (13.6 ¢). 'H
NMR (400 MHz, CDCl) § 8.48 (s, 1H), 4.91 (s, 2H), 4.44 (q, /= 7.1 Hz, 2H), 1.43 (t, /= 7.1
He, 3H); BES-MS [M+1]": 357.9/359.9.

THF, 0°C
“d Q’/\\ + HoN— P Br 2

Ci” N i’ N

{88311} 3-Bromo-2-chioro-6-methyl-6,7-dihydro-5SH-pyrrofo{3,4-bipyridin-S-one. Toa
solution of ethyl S-bromo-2-{bromomethyl}-6-chloronicotinate (2.5 g, 6.99 mmol} in THF (140
mb}at 0 °C was added a 2.0 M solution of methylamine (17.5 mb, 35.0 mmol} and the reaction
stirred for 30 min. The reaction was concentrated at rt and purified by normal-phase
chromatography (0-30% BtOAc/DCM) to afford the title compound. 'H NMR (400 MHz,
DMSO) 5 8.49 (s, 1H), 4.50 (s, 2H), 3.09 (s, 3H), BES-MS [M+1]": 261.1/263.1.

100312} Ethyl S-brome-6-chloro-2-formyinicotinate. To a solution of ethyl 5-bromo-2-
{bromomethyi}-6-chioronicotinate (1.36 g, 3.8 omol} in MeCN (21.5 mL) was added 4-
methylmorpholine N-oxide {893 ul., 8.6 munol) and the mixture was stirred at ambient
temperature for 2 hr. The solution was diluted with EtOAc and washed with water. The organic
layer was separated, dried (MgSQ4}, filtered, and concentrated. The crude product was purified
via normal phase column chromatography (0-30% EtQAc/Hexanes} to give the title compound
(668 mg). ES-MS [M+1]" 292/294; 'H NMR (400 MHz, CDCL) § 10.22 (s, 1H), 8.34 (d, J =
0.5 Hz, 1H), 445 (¢, J= 7.2 Hz, 2H), 1.41 (¢, J= 7.1 Hz, 3H).
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T NaBH, THF

SIRTE 14 cloxanes

[80313] 3-Bromo-2-chlorofure{3,4-slpyridin-5(7H)one. To a solution of ethyl 5-bromo-6-
chloro-2-forrmyinicotinate (668 my, 1.76 mmol) in THF (8.8 mL} at -40 °C was added sodium
borohydride (27 mg, 0.70 mmol). The reaction was allowed to stir at -40 °C for 45 minutes. To
the reaction mixture was added water and the reaction was warmed to room temperature.  After
the reaction was extracted with EtQOAc (3x), the combined orgamce layers were dried (MgSQu},
filtered, and concentrated. The residue was taken up in 1,4-dioxane (4 mlL) then hydrochionic
acid (879 pl., 3.52 mmol; 447 in 1,4-dioxane) was added and the smuxture was heated to 50 °C for
18 hr. Additional 43 HCHin 1 4-dioxane (400 ul, 1.6 mumol) was added and the mixture was
heated to 50 °C. After 4 hr, the muixture was concentrated under vacuum and the residue was
dissoived in DCM. The solution was washed with an aqueous saturated NaHCGs solution. The
organic layer was separated, dried (MgSO4), and concentrated. The crude residue was purified
via normal phase column chromatography (0 - 0.5% MeOH/BCM) to give the title compound.
BS-MS [M+1]" 248/250; "H NMR (400 MHz, CDCL) § 8.42(t, J= 0.5 Hz, 1H), 5.28(d, J=0.5
Hz, 2H).

. ~ : - O 0]
HOYCN oxalyl chioride, TEA-HCI j[ \j
P
' Ci N Cl

chiorobenzene, 90 °C

(80314} 3,5-Dichloro-6-methyi-2H-1 d-oxazin-2-one. To a cooled solution of oxalyl
chloride (491 ml,, 363 romol) in chlorobenzene (75 ml) under ert atmosphere at 0 °C was
added dropwise a solution of DL-lactonttrile (10 g, 140.7 mumol) in chlorobenzene (11 ml). The
solution was then heated to 90 °C where triethylamane hydrochlonide (1.43 g, 10.4 mmol) was
added 1o portions at 90 °C. The resulting mixture was then stirred for 3 hours then cooled to
ambient temperature and concentrated i vacuo. The resulting solution was then dituted with
E0 (~300 ml) and solids were filtered out. The filtrate was concentrated and normal phase
column chromatography on silica gel (0-15% EtOAc/Hex) afforded 16.8 g of title compound. 'H

NMR (400 MHz, CDChL) 3 2.38 (s, 1H).
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(89315} 5-Chlovo-3-iodo-6-methyl-2H-14-oxarin-2-one. To a solution of 3,5-dichloro-6-
methyl-2H-1 4-oxazin-2-one (16.8 g, 93.4 nunol) in acetone (359 ml.) was added sodium iodide
{56.4 g, 374 mmol) and (15,4R)-10-camphorsulfonic acid (1.52 g, 6.5 mmoly under wert
atmosphere. The mixture was stirred at ambient temperature for 18 hours. The reaction mixture
was concentrated then diluted with water and extracted with DCM (3x). After washing
sequentially with an aqueous saturated solution of Na2S:0s and brine, the combined organics
were dried (Mg8Qs), filtered, and concentrated to afford 22 g of title compound. The material
was carried forward without further purification. 'H NMR (400 MHz, CDCl3) 8 230 (s, 3H):
ES-MS [M+1] 272

:[0\;»0 H—=- G0, Me
o N foluene, 80 °C

80315} Methyl 6-chloro-2-iodo-S-methylnicotinate. A solution of S-chloro-3-10do-6-

methyl-2H-1 4-oxazin-2-one (22 g, 81.1 mmol) and methy! propiolate (21.6 ml., 243 mmol)

m toluene (80 ml) was heated to 80 °C for 42 h. The reaction was cooled to ambient
temperature and the volatiles were removed under reduced pressure. Normal phase column
chromatography on silica gel (0-10% EiQAc/hexanes, second to elute off column) gave 15.0 g of
title compound. TH NMR (400 MHz, CDCl) § 7.86 (d, /= 0.8 Hz, 1H), 3.95(s, 3H), 2.36(d, J
=().8 Hz, 3H);, ES-MS [M+17" 312

O

CJCN
i
DMF, 100 ¢ C o

Cl N° 'CN

{89317} Methyl 6-chloro-2-cyano-S-methylnicotinate. A solution of methy! 6~-chloro-2-
iodo-S-methyinicotinate (15.0 g, 48.2 romol) and copper(l) cyamde {(6.48 g, 72.3 mmol} in DMF

{112 mL) was heated at 100 °C for | hour. After cooling to ambient teruperature, the mixture
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was filtered over Celite® washing with EtOAc. The filtrate was added to a saturated aqueous
NaHCOs solution (~150 mL} and extracted with EtOAc (3x). The combined organics were then
washed sequentially with an agueous saturated solution of NHuC1 (100mL) and brine. The
organics were then dried (MgSQu), filtered, and concentrated. Normal phase column
chromatography on silica gei (0-40% EtOAc/hexanes) afforded 8.1 g of title compound. 'H
NMR (400 Mz, CDCl:) § 8.26 (d, J = 0.9 Hz, 1H), 4.04 (s, 3H), 2.52 (d, J = 0.8 Hz, 3H); BS-
MS M+ 211

. 0
POq, Hola)
| NN Ny o7
) EtOH/CHCl e
o N eN G7 N )

{89318} Methyl 2-(aminomethyl}-6-chlore-5-methyinicotinate. Platinum{IV) oxide {1.438
g, 6.5 mmol} was added to a round bottom flask under nitrogen. Next, a solution of methyl 6-
chloro-2-cyano-S-methyinicotinate (8.1 g, 38.5 mmol} in ethano! /chloroform (240 mE; 3:1) was
added. The flask was evacuated under vacuum and purged with Ho(g} (3x). The mixture was
stirred under an atmosphere of hydrogen (balloon) for 36 hours. The solids were removed by
filtration over Celite™, washing with DUM, and the filtrate was concentrated. The residue was
dissolved in MeOH and purified by a SCX cartridge, eluting with MeOH solution to give the tiile
compound. 'H NMR (400 MHz, MeOD) 8 8.38 (d, /= 0.8 Hz, 1H), 4.62 (s, ZH), 3.96 (s, 3H),
2.47 {q. /=07 Hz, 3H); BS-MS [M + H] =213, The SCX cartridge was then flushed with
NH3/MeOH (7N} to give 3.4 g of an impure 2-chloro-3-methyl-6,7-dihydro-SH-pyrrolof3,4-
bipyridin-S-one, which was purified using normal-phase column chromatography (3. 5%
MeOH/DCM/1% NHsOH additive} (84.4 mg). 'H NMR (400 MHz, DMSO) § 8.82 (s, 1H), 8.11
(d, /=09 Hz, 1H)}, 439 (s, 2ZH), 242 (d, /= 0.8 Hz, 3H); ES-MS [M + H}" = 183.

0 TEA j?

NH
i o NH. MeOH o 'N/

{00318}  2-Chlore-3-methyl-6,7-dihydro-SH-pyrrole]3,4-blpyridin-5-one. To a vial was

added a solution of methyl methy! 2-(aninomethy{}-6-chloro-S-methylnicotinate (5.46 ¢, 25.4
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mmol} and triethylanmine (177 mL, 127 mmol) in methanol (127 mL). The solution was allowed
to stir at room temperature for 18 hours. The reaction mixture was concentrated in vacuo by half
then the solids were removed by vacuum filtration, washing with MeOH to give 1.99 g of desired
product. 'H NMR (400 MHz, DMSO) 6 882 (s, 1H), 8.11 {(d, /= 0.9 Hz, 1H), 439 (s, 2H), 2.42
(d, /=08 Hz, 3H); ES-MS [M+1]" 183.
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{00320}  tere-Buiyl 4-methyisulfonyioxypiperidine-f-carboxylate. To a solution of fers-
butyl-4-hydroxypiperidine-1-carboxyiate (2.5 g} m DCM (40 mL} at 0 °C was added
triethylamine (2.42 L) followed by dropwise addition of methanesulfonyl chloride (1.35

mkE). The ice bath was removed and the reaction was stirred for 18 h at room temperature. The
reaction mixture was diluted with 3.1 CHCH/IPA and water. The layers were separated and the
aqueous layer was extracted with 3:1 CHCE/IPA (2x}. The combined organic layers were
washed with brine, dried over MgSQy, filtered, and concentrated io afford the title compound
(3.4 ¢). 'H NMR (400 MHz, CDCh) § 4.91-4.85 (m, 1H), 3.73-3.67 {m, 2H), 3.33-3.26 (m, 2H),
3.03 (s, 3H), 1.99-1.93 (m, 2H}, 1.85-1.77 {m, 2H}, 1.45 (s, SH.

0D
ar Br
2 n-OH ~(,C>3 Acetme
S Nom BO°
{00321}  2,3-Dihvdrobenzoldl{1 4]dioxine-2,2,3,3-ds-6~carbaldehyde. Ina 500 mL roond

bottom flask were combined 3,4-dihydroxybenzaldehyde (21.3 g), 1,2-dibromoethane-du
{Cambridge Isotope Laboratories, Inc., 3-99%;, CAS# 22581-63-1, 14.1 mL}), and potassium
carbonate {65.0 g) in acetone (515 mL). The reaction was heated to reflux for 18 h. The reaction
was diluted with EtOAg, filtered through Celite®, and the filtrate was concentrated in

vacuo. The crude sample was puorified by normal-phase column chromatography (0-40%
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EtOAc/hexanes) to afford the title compound (15.4 g). 'H NMR (400 MHz, CDCl5) § 9.82 (s,
1H), 7.41-7.38 (m, 2H), 6.97 (d, J = 8.8 Hz, 1H). ES-MS [M+1]": 169,

D D

Oé\@f’ia 1) MCPBA, DCE, 50°C HO\EI/\\IOID
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803227 2,3-Dihydrobenzeol}{1,4]dioxin-2,2,3,3-d¢-6-0k. Step 1. To a solution of 2,3-
dihydrobenzo[Ff1,4idioxine-2,2,3,3-ds-6-carbaldehvde (15.4 g} in DCE (250 mL} was added 3-
chloroperoxybenzoic acid {47.6 g, <77% CASHI37-14-4; Sigma-Aldrich). The reaction mixture
was heated to 50 °C for 18 h. The reaction was diluted with DCM and saturated NaHCO3
solution. The layers were separated. The aqueous layer was extracted with DCM (2 X} and the
combined organic lavers were washed with brine, dried (Mg8Q4), filtered, and concentrated to
afford 2,3-dihydrobenzo{b][1.41dioxin-6-y1-2,2,3 3-ds formate (15.1 g). ES-MS [M+17": 185,
Step 2. 2 3-Dihvdrobenzo[ 5[ 1,4]dioxin-6-y1-2,2 3,3-dy formate {15.1 g} was dissolved in
methanol (250 mL} and potassium carbonate (15.5 g) was added. After 3 h, the solvent was
removed and water/DCM (1:1) were added. The agueous layer was slowly acidified by dropwise
addition of 6 N aqueous HCl to pH < 4. The layers were separated, the aqueous layer was
extracted with DCM (2%} and the combined organic layers were washed with brine, dried
{MgSG4), filtered, and concentrated. The filtrate was purified by flash chromatography ou stlica
gel {0-40% EtOAc/Hexanes). The destred fractions were concentrated and co-evaporated (2x
with toluene) to afford the title compound (12.3 g). TH NMR (400 MHz, CDCLYd6.72(d, J =
8.8 Hz, 1H), 6.39 (d, /= 2.9 Hz, 1H), 6.34-6.31 (dd, J=8.7, 2.9 Hz, 1H), 4.64 (s, 1H). ES-MS
ML) 157,
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{00323}  {fert-Butyl 4-((2,3-dthydrobenzeb}{1,4idioxin-6-y1-2,2,3,3-dsJoxy)piperidine-1-

carboxylate, To a 1000 mL round bottom flask were added rer-butyl 4-



WO 2024/263957 PCT/US2024/035078

methylsulfonyloxypiperidine-1-carboxylate (18 g}, 2,3-dihydrobenzol 511, 4}dioxin-2,2,3,3-ds-6-
ol (6.0 g}, potassium carbonate (16.2 g}, and tetrabutylammonium chloride (2.1 g} in water (360
ml} and BMF (18 mL}). The reaction was heated to reflux. After 24 h, the reaction was cooled
to room temperature, diluted with EtOAc and washed with water (3 ), brine (2 x}. The organic
iayer was dried (MgSQs), filtered, and concentrated in vacuo. The crude residue was purified by
normal-phase column chromatography (G-46 % EtOAc/Hexanes) to afford the title compound
(3.1 g). "H NMR (400 MHz, CDCLY 66,76 (d, J = 8.7 Hz, 1H), 6.46 (d, /= 2.8 Hz, 1H), 6.44-
6.41 (dd, /=87, 2.8 Hz, 1H), 432-4.27 (m, 1H), 3.72-3.66 (m, 2H), 3.31-3.25 (m, 2H), 1.90-
1.88 (m, 2H), 1.74-1.66 (m, 2H), 1.46 (s, OH). ES-MS [M+1]": 340

HN \@i[}
%5

100324}  4-((2,3-Dihydrobenzo| bl 4{dioxin-6-v1-2,2,.3,3-doyoxy)piperidine. To a round
bottom flask containing fert-butyl 4-((2,3-dihvdrobenzol 6] 1, 4}dioxin-6-y1-2,2,3,3-

dsyoxy piperidine-1-carboxylate (760 mg} in DCM (6 mL) was added trifluorcacetic acid (2
mby. After 2 h at room temperature, the solvents were removed and the crude residue was
dissolved i DCM and concentrated i vacuo (3 X} to afford the title compound (802 mg), as the
TFA salt. 'H NMR (400 MHz, CDCl:) § 6.78 (d, /= 8.9 Hz, 1H), 6.45 (4, /=28 Hz, 1H), 6.43-
6,40 (dd, /=88, 29 He, 1H}, 4.51-4.50 (o, 1H), 3.44-3.37 (o, 2H}, 3.28-3.25 (m, ZH), 2. 16-
2.07 (m, 4H). ES-MS [M+1]": 240,
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[00325]  fert-Butyl 4-((2,3-dibydrobenzolb}{1.41dioxin-6-y1-2,2,3,3-dgJoxy)piperidine-1-
carvboxylate-2,2,6,6-d4. Tu a vial were combined terr-buty] 4-hydroxypiperidine-1-carboxylate-
2,2,6,6-d4 {100 mg, 0.49 munobh}{Reference: J of Labelled Compounds and Radiopharmaceuticals
2018, 61, 1036-1042], triphenylphosphine (180 mg, 0.68 mmol), and 2,3-

dihydrobenzofb][ 1 41dioxin-2,2.3,3-da-6-01 (107 mg, 0.68 mmol) i THF (2 mL). The vessel was
degassed followed by addition of diisopropyl azodicarboxylate (0.13 mL, 0.68 ramol}. The
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reaction was heated at 60 °C for 18 h. The reaction was dissolved in 3.1 CHCLIIPA and
concentrated with Celite®. The solid was dry loaded for purification on silica gel using normal-
phase column chromatography {0-25% EtOAc/Hexanes). The desired fractions were
concentrated to afford the title compound (123 mg). "H NMR (400 MHz, CDCI1} 8 6.75(d, /=
87Hz, 1H), 6.45{(d, /=28 Hz, 1H}, 6.42(dd, /=88, 29 Hz, 1H}, 431-4.26 (m, 1H}, 1.87-
1.83 (m, 2H), 1.71-1.66 (m, 2H), 1.45 (s, 9F). ES-MS [M+1]": 344,
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[80326]  4-((2,3-Dibydrobenzo[b]]l 4]dioxin-6-y1-3,2.3,3-dJoxy)piperidine-2,2,6,6-ds. Ina
vial were combined fert-butyl 4-((2,3-dihydrobenzo{ b1 1,4]dioxin-6-y1-2,2,3,3~
dijoxy)piperidine~1-carboxylate-2.2,6,6-d: (123 mg, 0.36 mmol) and trifluoroacetic acid (0.5
ml.} in dichloromethane (2 ml). The reaction stirred for 1 h and was concentrated. The residue
was purified by SCX Cartridge (5G), washed with MeOH, and eluted with 7V NH:/MeOH
sohution. The solvents were removed to afford the title compound (55 mg). 'H NMR (400 MHz,
CDChYd 6.75(d, /=88 Hz, 1H}, 6.46{d, /=28 He, 1H}, 643 {dd, /= 8.8, 2.8 Hz, 1H)}, 4.24-
418 (m, 1H}, 1.99¢d, /=38 Hz, 1H), 1.96(d, /=37 Hz, 1H), 1.63 (d, /=84 Hz, 1H)1.60(d,
J=8.6Hz 1H) ES-MS [M+11": 244
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{80327}  tere-Butyl 4-hydroxypiperidine-{-carboxylate-4-d. Toa 0 °C solution of 1-fers-
butyl-4-piperidone {10 g, 50 mmol) in methanol (250 mL} was added sodium borodeuteride (3.2
mb, 100 mmol}. The resulting mixture was stirred for 4 h at room temperature. The reaction
was guenched with saturated NHaCl (aq) and extracted with EtOAc (3x). The combined organic
layers were dried (MgS8Q4), filtered, and concentrated to afford the title compound (10 ). 'H
NMR (400 MHz, CDCh) 0 3.85(d, J=12.4 Hz, ZH), 3.06-3.00 {m, 2H), 1.87-1.82 {(m, ZH),
1.48-1.42 (m, 2H), 1.46 (s, 9H).
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{00328}  tere-Buiyl 4-{tosyloxy)piperidine-1-carboxylate-d-d. To a suspension of reri-butyl
4-hydroxypiperidine-1-carboxylate-d-d {10 g} and 4-dimethyl-aminopyridine (0.6 g) in pynidine
{45 mL} was added tosyl chloride {11.8 g). The mixture stirred at room temperature for 18 h.
The reaction was quenched with saturated NaHC (s solution and exiracted with EtOAc (2x). The
combined organic layers were washed with water {2x)}, brine (2x), dried (MgSQ4}, filtered, and
concentrated. The crude oil was purified by normal phase column chromatography (0-20%
BtOAc/hexanes). After removal of solvent, the desired compound was obtained {14.3g). 'H
NMR (400 MHz, CDC1) 6 7.79 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 3.61-3.55 (m, 2H),
3.28-3.22 (m, 2H), 2.45 (s, 3H), 1.79-1.73 {m, 2H), 1.70-1.64 (m, 2H), 1.43 (s, SH). ES-MS
IMH+Na]: 379,
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{00329  4-{{2,3-Dibydrobenzo|b]]1 4]diexin-6-yi-2,2,3,3-ds)ox yv)piperidine-4-4, To a round
bottom flask were added 2,3-dihydrobenzo[ 5} 1,4]dioxin-2,2,3,3-ds-6-01 (1.0 g, 6.7 mmol}, fert-
butyl 4-{tosyloxy piperidine-1-carboxylate-4-d (2.0 g, 5.6 mmol}, potassium carbonate (2.4 g,
16.8 mmol}, and tetrabutylammeoniom chloride (0.31 g, 1.1 mmol} in water (25 mbL) and DMF
(1.3 mL). The reaction was heated at reflux for 18 h. The reaction was diluted with 3:1
CHCI/TPA and the layers were separated. The aqueous laver was extracted with 3.1 CHCL/IPA
{2x} and the combined crganic layers were washed with water, brine, then dried (MgSQu},
filtered, and concentrated. The crude residue was purified by normal-phase column
chromatography (0-20% EtOAc/hexanes). After the removal of solvent, the residue was
dissolved in DCM (9 mL) followed by addition of trifluoroacetic acid (2.1 mL). After 1 h, the
solvents were removed @1 vacuo. The residue was dissolved 1 MeOH and loaded onto SCX

Cartridge. The cartridge was rinsed with MeOH and 78 NHa/MeOH solution. The solvents were
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removed to afford the title compound (725 mg). "H NMR (400 MHz, CDCL)Y 6 6.75(d, J= 8.7,
1H), 6.45 (d, J = 2.8, 1H), 6.41 (dd, J= 8.8, 2.9 Hz, 1H), 3.21-3.15 (m, 2H), 2.87-2.81 (m, 2H),
2.07-2.00 (m, 2H), 1.78-1.72 (m, ZH). ES-MS [M+1]" 241
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[00330]  tert-Butyl (2R 45)-4-((2,3-Dihydrobenzolb][ 1 4]dioxin-6-y1-2,2,3,3-ds)oxy)-2-
methylpiperidine-I~carboxylate. To a mixture of 2,3-dithvdrobenzob}{ 1, 4]dioxin-2,2.3,3-ds-6-
ol {8.4 g}, (2R 4R)-tert-butyl 4-hydroxy-2~-methylpiperidine-1-carboxylate (9.5 ¢) and P{s-Bub
{13.5 oL} 1o toluene (300 mL) was added ADDP (136 g) portioowise. The reaction nuxture
was heated to 90 °C. After 18 hours, the reaction was concentrated 1 vacuo and the residue was
digsolved i CHCL:IPA (3:1) and saturated NaHCOs {aq) solution. The layers were separated
and the aqueous laver was extracted with CHCLIPA (3x). The combined organic layers were
dried (MgSQO4), filtered and concentrated. The residue was purified by normal phase column
chromatography {0-30%, ethyl acetate in petroleum ether) to give the title compound. 'H NMR
(400MHz, CDCLY 5 6.77(d, J=8.8 Hz, 1H), 6,46 (s, 1H), 642 (dd, J = 88 Hz, 1.6 He, 1H)},
461 ~4.46 (m, 1H), 441 -431 {m, 1H), 413 -4.06(m, 1H), 2.96-2.89 {(m, 1H), 2.14 - 2.04 (m,
1H}, 2.00 - 1.90 (m, 1H), 1.74-1.64 {m, 1H), 1.52-1.42 {5, 10H}, 1.19¢d, /=72 Hz, 3H).

XWCFUj; SR~

D

[00331]  (2R.45)-4-((2,3-Dihydrobenzo[b]{1,4]dioxin-6-yi-2,2,3,3-ds)oxy)-2-
methylpiperidine. To a solution of rers-butyl (2R 45)-4-({2,3-dihydrobenzo{ £][1,4]dioxin-6-yi-
2,2,3,3-dyoxy)-2-methylpiperidine-1-carboxylate (3.7 g} in DCM (20 mL) was added TFA (4
mb} and the reaction was stirred at 20 °C for 3 hours. The reaction was quenched with sat. aq.

Nea2COs to pH 8~9 at 0 °C and extracted with DCM (20 mb ~ 2). The combined organic layers
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were washed with brine (20 mL), dried over Na:804 and concentrated to give the title compound

{2.6 g, crude}. ES-MS {M+1]" 254.2.
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{00332} 3-Bromo-2-{4-{{(2,3-dihydrobenzo] b1 4ldioxin-6-y1-2,2,3 3-ds)oxyipiperidin-1-
vifuro|3,4-bipyridin-S{7H-one. To a solution of 4-((2,3-dihydrobenzo[ 4] 1,4]dioxin-6-v1-
2,2,3,3-dgoxyipiperidine (170 mg, 0.36 mmol) in DMSO (5.6 mL} was added 3-bromo-2-
chlorofuro]3,4-5]pyridin-3{7H)-one (80 mg, (.30 mmol} and N N-diisopropylethylamine (155
ul, 0.8% mmol) . The mixtore was stirred at ambient temperature for 18 h. The mixture was
added to water and extracted with EtOAc (3x). The combined organics were dried (MgSQ4),
filtered, and concentrated. The crude residue was purified via normal phase column
chromatography (0 - 30% EtOA¢/DCM) to give the title compound (131 mg). ES-MS [M+1]"
451/453; 'H NMR (400 MHz, CDC) § 8.16 (s, 1H), 6.78 (d,J = 8.8 Hz, 1H), 6.50(d, /= 2.8
Hz, 1H), 6.46 (dd, J = 8.7, 2.9 Hz, 1H), 5.11 (s, 2H), 4.43 (1, J = 7.0, 3.6 Hz, 11), 3.81 (ddd, J =
12.2, 8.0, 3.4 Hz, 2H), 3.51 (ddd, J = 13.2, 7.4, 3.5 Hz, 2H), 2.08 (ddg, J = 10.6, 6.6, 3.3 Hz,
7H), 1.96 (dtd, J=13.7, 7.1, 3.5 Hz, 2H).
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100333} Ethyi 2-(I-ethoxyvinyl-S-methylnicotinate. To a solution of ethyl 2-chloro-5-
methylnicotinate (S00 mg, 2.5 mmol) and tetrakis{triphenylphosphine}palladium{C) (159 mg,
0.14 mmol} i toluene (8.7 mL} under nitrogen atmosphere was added tributy {1 -ethoxyvinylitin
{1.39 mL, 4 12 mmol). The mixture was heated to 80 °C for 18 h. After cooling to ambient
temperature, the crude product was purified via normal phase column chromatography (0-30%

FtOAc/Hexanes) to give the title compound (342 mg). ES-MS [M+11": 235; 'H NMR (400
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MHz, CDCh) 5 8.46 (dd, J = 2.2, 0.8 Hz, 1H), 7.69(dd, J=2.2, 0.8 Hz, 1H), 4.88 (d, /= 2.4 Hz,
1H), 439 (d, /= 2.4 Hz, 1H), 433 (q, /= 7.1 Hz, 2H), 3.90 (q, J = 7.0 Hz, 2H), 2.37 {, = 0.7
Hz, 3H), 1.36 (t, J = 7.2 Hz, 3H), 1.34 (¢, / = 7.0 Hz, 3H).
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180334} Ethyl 2-acetyh-S-methylnicotinate. To a mixture of ethyl 2-(1-ethoxyvinyl}-5-
methylmicotinate (342 mg, 1.45) in acetone (0.5 mL) was added 244 hydrochloric acid 1 water
{80 mL, 16.1 mmol} and the mixture was stured for 18 h at ambient temperature. Solvents were
removed in vacio. The residue was dissolved m EtOAc and washed with saturated aqueous
NaHCO:. The organics were isolated and the aqueous layer was further extracted with Et{JAc
{3x}. The organics were pooled, dried (MgSQ4), filtered and concentrated. The material was
carried forward without further purification. ES-MS [M+1]": 208; "H NMR (400 MHz, CDCh)
58.52(dd, /=21, 0.8 Hz, 1H), 7.75 (dg, /= 1.5, 0.7 Hz, 1H), 439 (q, J = 7.2 Hz, 2H), 2.68 (s,
3H), 2.43 (1, J=0.7 Hz, 3H), 1.37{t, /= 7.2 Hz, 3H).
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{00335}  3,7-Dimethylfurs{3.4-blpyridin-S(7H}-one. To a solution of ethyl 2-acetyl-5-
methylaicotinate (253 mg, 1.22 mmol) in THF (30 mL) at 4 °C was added sodium borohydride
{46 mg, 1.22 mmol}. The mixture was stirred at 4 °C for 16 h. Water (20 mL) was added and
the mixture was extracted with EtOAc (3x). The combined organics were dried (MgSO4),
filtered, and concentrated. Next, the residue was dissolved in DCM (10 mL) and cooled to 4 °C
where pyridiniom chlorochromate (612 mg, 2.81 mmol} was added. The mixture was stirred at 4
°C for 16 h. The reaction nuxture was filtered through a pad of Celite® and concentrated. The
crude product was purified via normal phase column chromatography (0-20% EtOAc/DCM) to

give the title compound (114 mg). ES-MS [M+1]" 164; 'H NMR (400 MHz, CDCl:) 8 8.68
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(4d, /= 1.9, 0.8 Hz, 1H), 7.97(dd, J=2.2, 1.0 Hz, 1H), 5.52(q, /= 6.8 Hz, 1H), 2.48 (g, J= 0.7
Hz, 3H), 1.69 (d, J = 6.8 Hz, 3H).

o 0
& m-CPBA, DCM = T
I o St \<

/4

N N

O

180336}  3,7-Dimethyl-5-0x0-8,7-dthydrofure|3.4-Hlpyridine 1-oxide. To a solution of 3,7-
dimethylfuro[3,4-5lpyridin-S(7H}-one (84.7 mg, 0.52 mmol) in DCM (2.6 mL} at 0 °C was
slowly added 3-chloroperoxybenzoic acid (108 mg, 0.62 mumol} and the reaction was allowed to
stir at ambient temperature for 18 h. A saturated aqueous NaxS20; solution was then added and
the mixture was stirred 1 hr. The organic layer was isolated and the aqueous layer was further
extracted with DCM (3x) then with chloroform/IPA (3:1) (Zx). The organics were pooled,
washed with 1A4 NaQOH, then passed through a phase separator, and concentrated to give the title
compound {46 mg). The matenal was carried forward without further punification. ES-MS
V1T 180; TH NMR (400 MHz, CDCls) 8 8.23 (¢, J= 1.0 Hz, 1H), 7.55 (s, 1H), 5.68(q, J =
6.7 Hz, 1H), 2.45 (d, /= 0.9 Hz, 3H), 1.83 (d, /= 6.7 Hz, 3H).
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{86337} 2-Chlore-3,7-dimethylfure|3.4-blpyridin-5(7H)-one. To a vial was added 3,7-
dimethyi-5-oxc-5,7-dihydrofuro[3,4-6]pyridine 1-oxide (42 mg, 0.24 mmol) in MeCN (1.2 mL)

followed by phosphorus(V) oxychioride (1310 gL, 1.18 mmol). The vial was sealed and the
mixture was heated to 85 °C for 1 h. The nuxture was cooled to ambient temperature and slowly
added to a stirred solution of saturated agqueocus NaHCGO;, keeping the pH alkaline. DCM was
added and the mixture was allowed to stir for 30 minutes. The organic layer was isolated and the
aqueous layer was back extracted with chloroform/IPA (3:1) (3x}. The combined organic layers
were passed through a phase separator and concentrated. The residue was carried forward

without further purification. ES-MS [M+1]" 198,
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{00338} 2.4-Dichloro-6-cyclopropyi-S-methyipyrimidine. A solution of 2,4-dichloro-5-
methylpvrimiding (1.0 g, 6.1 mmol), silver nitrate {321 mg, 3.1 mmol} and
cyclopropanecarboxylic acid (1.47 mL, 18.4 mmol) in water (31 mL} was heated to 72 °C.
Ammeontum persulfate (2.1 g, 9.2 mmol} was added portion wise over 15 minutes. After heating
an additional 20 minutes at 72 °C, sulfuric acid {491 gk, 9.2 mmol) was added and the mixture
was heated to 90 °C for 1 h. After cooling to ambient temperature, the reaction mixture was
slowly poured into a solution of saturated aqueous bicarbonate and DCM and stured foran
additional 20 minutes. The organic layer was isolated and the aqueous layer was further
extracted with DCM (3x). The combined organic layers were dried (MgSQ4), filtered, and
concentrated. Purification via normal phase column chromatography (0-25% EtOAc/Hexanes)
afforded the title compound (872 mg). ES-MS [M+1]+: 203/205; '"H NMR (400 MHz, CDCL) 8
245 (s, 3H), 211 (1, /=79 4.6 Hz, 1H}, 1.29-1.23 (m, ZH), 1 18 - 1.12 (m, 2H).

/f,\/CI
5 N\\ﬁ/!N O/O i/\\‘[O DD
SRS G=: - AT T
HN.. o”gt’ TEA, DME N N b
Ci

80339} 2-Chiove-4-(4-((2,3-dihydrobenzo[bi[1,4|dioxin-6-y1-2,2,3,3-dJoxy)piperidin-1-
vii-S-methylpyrimidine, To a solution of 4-((2,3-dihydrobenzo[#][1 4]dioxin-6-y1-2,2,3,3-
dayoxypiperidine {50 mg, 0.21 mmol) in BMF (1 ml) was added triethylamine (146 plb, 1.04
mmol} and 2. 4-dichloro-S-methylpyrimidine (37.5 mg, 0.23 mamol}. The mixture was stirred at
ambient temperature for 18 h. The mixture was added to water (20 mL) and extracted with
EtOAc (3x). The organics were pooled, dried (MgSQu}, filtered and concentrated. The crude
material was purified by normal-phase column chromatography {0-30 % EtOAc/DCM} to afford

the title compound (26 mg). 'H NMR (400 MHz, CDCl) 8 7.94 (g, J = 0.8 Hz, 1H), 6.78 (d,J =
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8.7 Hz, 1H), 6.49 (d, /= 2.8 Hz, 1H), 6.45 (dd, J=8.7, 2.9 Hz, 1H), 441 (tt, / = 6.9, 3.6 Hz,
1H), 3.77 (ddd, J = 12.2, 7.9, 3.5 Hz, 2H), 3.46 (ddd, J = 13.4, 7.5, 3.6 Hz, 2H), 2.20 (d, J = 0.8
Hz, 3H), 2.02 (ddd, J = 16.3, 7.5, 3.8 Hz, ZH), 1.88 (dtd, /= 13.8, 7.1, 3.5 Hz, 2H). ES-MS

V] 366,
e
| D
ot N
D b J
SRS Ao e 5
HN AP TEA, DMF, 75 °C Na N 0

{00340} 2-Chlore-4-(4-((2,3-dihydrobenzo[fi[1,4]dioxin-6-v#-2,2,3,3-d4joxy)piperidin-1-

C

0O

O
e

vi}-8.6-dimethylpyrimidine, To a solution of 4-{(2,3-dihydrobenzo[s}[1,4]dioxin-6-y1-2,2,3 3~
dsyoxypiperidine (30 mg, 0.21 mmol) in DME (1 mL) was added triethylamine (146 ulb, 1.04
mmol)y and 2.4-dichloro-5,6-dimethylpyrinudine (41 mg, 0.23 mmol). The mixture was stured
at 75 °C for 18 h. The mixture was added to water (20 mb} and extracted with EtOAc (3x). The
collected organic layers were dried (NaxS04), filtered and concentrated. The crude material was
purified by normal-phase column chromatography on sihica gel {0-30 % EtOAc/DCM) to afford
the title compound (54 mg). 'H NMR (400 MHz, CDCE)Y86.78(d, /=87 Hz, 1H), 6.49(d,J =
2.8He, 1H), 6.45{dd, /=87, 28Hz, 1H), 437 (tt, /=72,37He, 1H), 3.62 (ddd, /=119, 7.6,
3.6Hz 2H), 3.25(ddd, J=12.6,7.9,3.5He, 2H), 238 (5, 3H), 2.12 (s, 3H}, 2.10 - 1.97 (m,
2H), 1.87 (ddt, J=17.1,7.4, 3.5 Hz, 2H}. ES-MS [M+1]": 380

CEQ\W/CE
D
NN . Ou a0
ISV ST e a v e
HNJ:@D Y O %
o7y Ny N

TEA, DMF, 75 °C
ct
{80341} 2.4-Dichlors-6-{4-((2,3-dihydrobenzo|#]{1 4]dioxin-6-y1-2,2,3,3-ds Joxy)piperidin-

-y-S-methylpyrimidine. To a solution of 4-{(2,3-dihydrobenzof 5} 1, 4}dioxin-6-y1-2,2,3,3-
dijoxy)piperidine (121 mg, 0.50 mmol) in BMF (1.5 mL) was added triethylamine (352 pl, 0.35
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mmol} and 2.4, 6-trichloro-S-methyipyrimidine (110 mg, 0.56 mmol). The mixture was stirred at
70 °C for 18 h. The mixture was added to water {20 mL} and extracted with EtOAc (3x). The
collected organic layers were dried (MgSQ04), filtered, and concentrated. The crude residue was
purified by normal-phase column chromatography {0-80 % EtCAc/DCM) to afford the title
compound (173 mg). "H NMR (400 Mz, CDCL) 6 6.78 (d, J = 8.7 Hz, 1H), 6.48 (d, /= 2.8 Hz,
1H), 6.44 (dd, /= 8.8, 2.8 Hz, 1H), 4.41 (s, J = 7.0, 3.6 Hz, 1H), 3.69 (ddd, J = 12.3, 8.1, 3.5 Hz,
2H}, 3.40¢ddd, J=13.4,7.2, 3.7 Hz, 2H}), 2.23 (5, 3H), 2.08 — 1.96 (m, 2H}, 1.89 (dtd, /= 13.6,
6.9, 3.5 Hz, 2H). ES-MS [M+1]": 400.2/402 2.

0
D o o
SRS YSAS =
N L N hydrazine A N A AD
N o AN : -
H\( NETNG 5 E/\\r .

Xy

\rr\ EtOH, 80 °C Ny N
n

G N\NE"E;)

M

[00342] 4-{4-{{2,3-Dihydrobenzo] {1 4ldioxin-6-y1-2,2,3,3-d,;Joxy)piperidin-1-yi}-2-
hydrazineyl-S-methylpyrimidine, To a solution of hydrazine {46 ul., 1.45 mmol) in ethanol
{483 ul} was added 2-chloro-4-(4-((2,3-dihydrobenzo[ ][ 1,4}dioxan-6-y1-2,2,3,3-
dijoxy)piperidin-1-y)-5-methylpyrimidine (27 mg, 0.07 mmol) and the mixture was stirred at 80
“C for 4 h. The mixture was cooled to ambient temperature and an additional 30 uL of hydrazine
was added and the mixture was stirred an additional 3 h at 80 °C. After cooling to ambient
temperature, the mixture was concentrated and carried forward without further purification. ES-

MS [M+1T" 362,

P e
f\Y,O /\\\[O “ (j
\/J%,N\/J =) hydrazine > i,N\_
[ o]

-
g\ /,3
@] ]
=] E‘J\

o
N\f;N E1OH, B0 °C N\\rm
N
Ci H NH,

{80343}  4-(4-((2,3-Dihydrobenzo] b}{1,4]dioxin-6-y1-2.2,3,3-d:Joxypiperidin-1-yi}-2-
hydrazineyl-S-methyipyrimidine, To a solution of 2-chloro-4-(4-((2.3-
dihydrobenzo[bi1,41dionn~-6-y1-2,2,3 3-dsyoxy piperidin-1-y1)-5,6-dimethy lpyrimidine (54 mg,

0.14 mmol) in ethanol (950 ul.) was added hydrazine (89 ul., 2.83 mmol) and the mixture was
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stirred at 80 °C for 9h. After cooling to ambient temperature, the mixture was concentrated and

carried forward without further purification. ES-MS$ [M+1]" 376,

: N
OO P O/O\{\/Oio
Ci\/J\(,N\/E - OJ;D hydrazine C‘%/“’ PP
| N EtOH, 80 °C Ne?/N

P
\Cri HN

“NH,

(86344} 4-Chlore-6-{4-((2,3-dihydrobenro |1 4]dioxin-6-y1-2,2,3,3-dsJoxy)piperidin-1-
yh-2-hydrazineyl-S-methyipyrimidine. To a solution of hydrazine (271 L, 8.64 mmol} in
ethanol (3.0 mL) was added 2,4-dichloro-6-(4-({2,3-dihydrobenzo[ 1|1, 4]dioxin-0-v1-2,2,3 3~
dsyoxypiperidin-1-yl3-S-methylpyrimidine (173 mg, (.43 mmol} and the mixture was stirred at
80 °C for 4 h. After cooling to ambient temperature, the mixture was concentrated and carried

forward without further purification. ES-MS [M+1]" 396.3.

o

-~ ~ D
O:t[) m/u\.i//\,v/k') :“‘D
¢l D triphosgans I N i /E 0
‘\i/i\( __) =~ |, ~r” \/\O )

1,4-dioxanes N. _N

NH O 1"

HzN’ HN'N

[00345] S-Chlore-7-(4-((2,3-dihydrobenzo[b}[1,4]dioxin-6-v1-2,2,3,3-d Joxy)piperidin-1-
vi-6-methyl-{ 1,2 4{triazole[4,3-4]pyrimidin-3(2H)-one. To a solution of 4-chloro-6-(4-((2,3-
dihiydrobenzo[ i1, 41dioxin-6-y1-2,2 3, 3-du}oxypiperidin-1-yi}-2-hydrazineyl-5-
methylpyrimidine (170 mg, 0.43 mmol} in 1,4-dioxane (2.8 mL}) was added triphosgene (127 mg,
0.43 mmol). The reaction was stirred at ambient temperature for 30 min. The mixture was diluted
with water, and the formed precipitate was collected by vacuom filtration. The solid was
dissolved i DCM (2 mL} and purified via normal phase column chromatography {0-40%
MeOH/DCM) to afford the title compound. "H NMR (400 MHz, CDCL) 8 8.86 (s, 1H), 6.78 {(d,
J=87Hz 1H}, 648(d J=28Hz 1H), 644 (dd, /=88, 29 Hz, 1H), 441 (1, /=68 35 Hz,
1HY, 371 —3.60 (m, 2H), 3.37(ddd, J=13.4, 7.2, 3.7 He, 2H), 2.20 (s, 3H), 2.04 (ddt, /= 12.0,
7.8,3.6 Hz, 2H), 1.91 (dtd, J = 13.7, 6.9, 3.5 Hz, 2H). ES-MS [M+1]": 4223,
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{80346}  2.4,5-Trimethylpyridin-3-yi triffuorcmethanesuifonate. A solution of 2,4,5-
trimethylpyridin-3-ol (1.0 g, 7.29 mmol), triethylamme (2.03 mL, 14.6 mmol), and 4-
dimethylammopyridine {178 mg, 1.46 mmol) in DCM (21 m) was cooled to 0 °C where N-
phenyibis(trifiuoromethanesulfommide) (2.76 g, 7.73 mmol) was added. The solution was
warmed to ambient temperature and stirred for 18 howrs. The reaction maxtare was concentrated
onto Celite® and purified by normal-phase chromatography (0-15% EtQAc/Hex) to provide the
title compound. 'H NMR (400 MHz, CDCh) 8 8.25 (s, 1H), 2.57 (s, 3H), 2.30 (s, 3H), 2.28 (s,
3H). ES-MS [M+1]7: 270.

S OB0CFs PA(OAc), dppp, CO;

Sy TEA, EtOH, DMSO

{00347}  Ethyl 2,4,5-trimethyinicotinate. To a solution of 2,4, 5-trimethylpyndin-3-vi
triffuoromethanesulfonate (1.9 g, 7.06 mmoi) i ethanol (12 mL) and DMSO (6 mL) was added
triethylamine (9.8 mk., 70.6 mmol), 1,3-bistdiphenylphosphinolpropane {437 mg, 1.06 mmol}
and palladiom{Il} acetate (240 mg, 1.06 mmol). The mixture was placed under an atmosphere of
CO (50 psi) and heated to 80 °C for 18 hours. The reaction mixture was filtered over a pad of
Celite® then washed with DCM/MeOH and concentrated. The residue was then diluted with
water {~150 mL} and extracted with Et{}Ac {4x}. The combined organic layers were dried
{Mg8Qa4), filtered, and concentrated. The crude restdue was purified by normal-phase
chromatography (0-60% EtOAc/Hex) to afford the title compound. "H NMR (400 MHz, CDCh)
8825(s, 1H), 442{(q,/=71Hz ZH), 249 (5, 3H}, 2.23 (5, 3H}, 2.2 {5, 3H), 1 .40 (1, /=71
Hz, 3H). ES-MS [M+1]": 194,

0 o)
\%\/iiﬁxgx\\ TCICA \%YJLO/\\
e DCM NN
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100348} Ethyl 2-(chloromethyi)-4,5-dimethylnicotinate, To a stirred solution of ethyl 2,4,5-
trimethyInicotinate {752 mg, 3.89 mmol} in BDCM (19.5 mL} was added trichloroisocyanuric acid
{1085 mg, 4.67 mmol} and the mixture was allowed o stir at ambient temperature for 12h.
Additional TCICA (226 mg, 0.97 mmol) was added and stirred for an additional 18 hours.
Additional TCICA (300 mg, 1.29 mmol) was added and the mixture was allowed to stir for 3
hours. The pH was adjusted to 8 with a saturated aqueous Na:CGs solution. The organic layer
was 1solated and the aqueous layer was further extracted with DCM (3x). The combined
organics were dried (MgSQ4), filtered, and concentrated. The crude residue was purified by
normal-phase chromatography (0-5% MeOH/DCM) to afford the title compound. "H NMR (400
MHz, CDCLs) 8 8.35 (s, TH), 4.71 (s, 2H), 4.46 (q, J = 7.2 Hz, 2H), 2.29 (s, 3H), 2.28 (s, 3H),
1.43 (t,J=7.1Hz, 3H). ES-MS [M+1]" 228,

0 0
\fj\/ié o™~ m-CPBA P ) o
Xy Cl DCM RN

(00349} 2-(Chloromethyl)-3-(ethoxyearbonyl)-4,5-dimethylpyridine 1-oxide. Toa
solution of ethyl 2-(chloromethyl}-4,5-dimethyinicotinate (216 ul, 1.38 mmol} m DCM {6.9
mb} at 0 °C was added 3-chloroperoxybenzoic acid (285 mg, 1.65 mmol) portionwise. The ice
bath was removed and after 18 hours at rt, the mixture was concentrated directly onto Celite®
and purtfied by normal-phase chromatography (0-80% EtOAC/BCM then 6-10% MeOH/DCM;}
to afford the title compound. TH NMR (400 MHz, CDCL) 8§ 8.15 (s, 1H), 4.84 (s, 2H}, 4.48{q, J
=72 Hz, 2H), 2.25 (s, 3H), 2.22 (s, 3H), 1.44 (1, J=7.2 Hz, 3H). ES-MS [M+1]7: 244,

i
. Ca’g\ca Meon %0C “ 0™

{80330} Ethyl 6-chlore-2-{chisromethyl-4.5-dimethyinicstinate. To a solution of 2-
{chloromethyl}-3~{ethoxycarbonyl}-4,5-dimethylpyridine 1-oxide {182 mg, 0.75 mmol} in MeCN

{1.6 mL} was added phosphorastV) oxychloride (348 pL, 3.73 mmol). The vial was sealed and
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the mixture was heated to 90 °C for 20 howrs. After cooling to ambient temperature, the reaction
mixture was slowly added io a stirred solution of saturated agueous NaHCQO;, keeping the pH
alkaline. DCM was added and the mixture was allowed to stir for 30 munutes. The organic layer
was isolated and the agueous layer was back extracted with chioroform/IPA (3:1) (3x). The
combined organic layers were dried (MgS0a), filtered, and concentrated. The crude residue was
purified by normal-phase chromatography (0-15% EtQAc/hexanes) to afford the title compound.
UH NMR (400 MHz, CDCl3) 5 4.66 (s, 2H), 446 (g, ./ = 7.2 Hz, 2H), 2.39 (s, 3H), 2.33 (5, 3H),
1.42 (t, J="7.2Hz, 3H) BES-MS [M+1]" 262/264.

[860351] 2-Chlors-3,4,6-trimethyi-6,7-dihydro-3H-pyrrole3,4-plpyridin-S-one. Toa
solution of ethy! 6-chlors-2-(chloromethyl}-4,5-dimethylnicotinate (68 mg, .26 mmol} in THF
{1.3 mL} was added methylamine (2.0M solution in THF)} (650 uL, 1.3 mmol) and the reaction
was heated to 30 °C for 18 hours. The reaction was concentrated i vacuo to afford the title
compound. 'H NMR (400 MHz, CDCls) § 4.29 (s, 3H), 3.18 (s, 2H), 2.73 (s, 3H), 2.39 (s, 3H).
BS-MS [M+17": 211.

S R

{00352} &-Hydroxy-4,5-dimethyl-2-0x0-1,2-dihydropyridine-3-carbonitrile. To a solution
of Z-cyanoacetamide (2.0g, 23.8 mmol} dissolved in methanol (30 mL} was added ethyl 2-
methyl-3-oxobutanoate {3.37 mL, 23.89 mmol} and potassium hydroxide (2.04 g, 35.7

mmol). The mixture was then stirred at 65 °C for 4 hours before cooling to 4 °C. The solids
were collected by vacuum filiration rinsing with MeQOH. The solid was disselved in ~175 mbL of
hot water (70 °C). The solution was adjusted to pH~1 with agqueous HC! (5M4) and a precipitate
was observed. The solids were collected by vacuum filtration rinsing with water to give the title

compound. 'H NMR (400 MHz, DMSO) § 2.23 (s, 1H), 1.90 (s, 1H). ES-MS [M+11"; 165.
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{80333} 2,6-Bichlors-4,5-dimethyinicotinonitrile. A solution of 6-hydroxy-4,5-dimethyi-2-
oxo-1,2-dithydropyridine-3-carbonitrile {2.28 g, 13 .88 mmol} in phosphoras{v} oxychioride (10
mkE) was heated to 1830 °C. After 6 hours, the heat source was removed and the reaction mixiure
at rt was poured into ice water (100 mL}. The precipitate was collected by vacuum filtration to
afford the title compound. 'H NMR (400 MHz, CDCls) 8 2.58 (s, 3H), 2.39 (s, 3H). ES-MS
(M1 2017203

2N in o P9
p % 1) Ha8Q,, 110 °C |
X S8
> E
Ci/ N O Z) NaNOz(;ﬁq) ol \N ~

100354}  2,6-Dichlore-4,5-dimethylnicotinic acid. A stirred solution of 2,6-dichloro-4,5-
dimethyinicotinonitrile (1 .48 g, 7.36 mmol) in sulfuric acid (2.0 mL) was heated to 110 °C for 1
hour. After cooling to ambient temperature, the reaction mixture was cooled to 0 °C where an
aqueous solution of sodium nitrite (671 mg, 9.58 mmol) (2.6A1 in water) was added dropwise
over a period of 15 minutes resulting in evolution of heat and a brown gas. The mixture was

then warmed to ambient temperature for 15 minutes then heated to 60 °C for 18 hours. After

cooling to ambient teroperature, the reaction muxture was again cooled to 0 °C where an agueous
solution of sodium nitrite (186 myg, 2.66 mmol) {2.644 in water} was added dropwise over a

period of 15 minutes. The mixture was then warmed to ambient temperature for 15 minutes then
heated to 60 °C for and additional 13 hours. After cooling to room temperature, the reaction
mixture was added to ice water and the precipitate was collected by vacuum filiration to give the
title compound. "H NMR (400 MHz, DMSO) & 2.32 (s, 3H), 2.31 (s, 3H). ES-MS [M+1]":

220/222.

O
Mei, KGO,
Sl 0 ¢ &
N DMF
cr N o SN
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100355} Methyl 2,6-dichloro-4,5-dimethylnicotinate. To a solution of 2,6-dichloro-4,5-
dimethylnicotinic acid (960 mg, 4.36 mmol} in DMF (14.5 mL) was added potassium carbonate
{918 mg, 6.54 mmol} and iodomethane (543 i, 873 mmol). The mixture was stirred for 1 hour
at ambient temperature before diluting with water and extracting with EtOAc (3x}. The
combined organic layers were dried (MgSQ4), filtered, and concentrated. The crude residue was
purified by normal-phase chromatography (0-10% EtOAc/Hex) to afford the title compound. 'H
NMR (400 MHz, CDCls) 8 3.97 (s, 3H), 2.35 (s, 3H), 2.29 (s, 3H). ES-MS [M+17": 234/236.

MNMP, 180 °C

(80356} Methyl 6-chlore-2-cyano-4,5-dimethyinicotinate. A solution of methyl 2,6-
dichloro-4, 5-dimethyinicotinate (868 mg, 3.71 mmol} in NMP (4.4 mL) and copper(l} cyanide
{498 mg, 5.56 munol} was stirred for 3 hours at 180 °C under inert atmosphere. After cooling to
arnbient temperature, the reaction was poured into ice water and the sohds were removed by
filtration and washed with EtOAc. The filtrate was then extracted with EtOAc (3x) and the
combined orgavics were dried (MgSOs), filtered, and concentrated. The crude residue was
puritied by normal-phase chromatography {0-40% EtOAc/Hex) to afford the title compound.

ES-MS [M+1]7: 225,

PEQQ, HQ(@,

EtOH, CHCl; x> E
Cl

{00357} Methyi 2-(aminomethyl}-6-chiore-4,5-dimethyinicotinate. A solution of methyl 6-
chloro-2Z-cyano-4,S-dimethylmcotinate {219 mg, 0.98 mmol} i ethano! (4.6 mi Y chloroform
{1.5mL} (3:1) was added platinum{IV) oxide (38 mg, 0.17 mmol} . The flask was evacuated
under vacuoum and purged with hydrogen gas (process repeated 3x). The mixture was stirred
under an atmosphere of hydrogen (balloon) for 25 hours. The reaction mixture was filtered over
Celite®, washed with DOM/MeOH, and the filtrate was concentrated and carried forward without

further purification. EX-MS [M+17": 229
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(90358} 2-Chlore-34-dimethyl-6,7-dihydro-SH-pyrrole]3.4-Hpyridin-S-eone. Toa vial

was added a solution of methyl 2-(aminomethyl}-6-chloro-4 S-dimethylnicotinate {236 myg, 0.97
mmol) and triethylamine (680 nL, 4.88 mmol) in methanol (4.9 mL} The solution was allowed
to stir at ambient temperature for 18 hours then concentrated onto Celite™ and purified by
normal-phase chromatography (0-3% MeOH/DUM) to afford the title compound. 'H NMR (400
MHz, CDCE) 8 6.06 (5, 1H), 4.38 (s, 2H), 2.74 (s, 3H), 2.41 (s, 3H). ES-MS [M+1]": 197,

B. Exemplified compounds of the invention
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[B6359]  2-{4-((2,3-Dihydrobenzolb]{1,4]dioxin-6-y1-2,2,3,3-dsJoxypiperidin-1-yi)-3-

HN—

methyl-6,7-dihydro-SH-pyrrolel3.4-Hlpyridin-S-ene (Compound 3). To a solution of 4-((2,3-
dihydrobenzo[b]f1.41dioxin-6-y1-2,2,3,3-dsjoxy ipiperidin-1-wum 2,2, 2-triflucroacetate {503 mg,
1.42 mmol} in NMP (6.8 mL) was added 2-chlore-3-methyl-6,7-dihydro-5H-pyrrolo[3,4-
blpyridin-5-one (200 mg, 1.10 mmol} and N, N-dusopropylethylamine (1 91 mbL, 10.95

mmol}. The reaction mixture was heated to 160 °C. After 18 hr, the crude material was purified
by RP-HPLC (10-55% Me(CN/0.05% aqueous NH:OH}. The fractions containing the desired
product were concentrated and repurified using normal-phase flash column chromatography (0-
% MeOH/DCMj) to give the title compound (303 mg). 'H NMR (400 MHz, CDCLY 8 7.79(d, J
=0.9Hz, 1H), 6.78 (d, /=87 Hz, 1H), 6.51 (d, /=28 Hz, 1H), 6.47(dd,J=8.7, 2.9 Hz, 1H),
6.02 (5, 1H), 4.40 — 4.30 (m, 3H), 3.55 (ddd, J=11.5, 7.0, 3.6 Hz, 2H), 3.14 (ddd, J = 12.5, 8.4,
3.3 Hz, 2F), 2.35 (d, /= 0.9 Hz, 3H), 2.16 — 2.07 (m, 2H), 1.92 (dtd, 7= 12.1, 8.0, 3.5 Hz, 2H);
ES-MS [M+1]7: 386,
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{80368} 2-{4-{{2,3-Dihydrobenzo] ]| 4ldioxin-6-y1-2.2,3,3-dsJoxy)piperidin-1-yi-4-4)-3-
methyl-6,7-dibkydro-3H-pyrrolo]3.4-blpyridin-S-one (Compound 1}. Prepared in a stnular
manner as compound 3 to provide the title compound. ES-MS [M + HI" = 387 'H NMR (400
MHz, CDUCLYS7.79(d, J =09 He, 1H), 6.78(d, /=87 Hz, 1H), 6.50{d, J= 2.8 Hz, 1H), 6.46
{dd, /=88, 2.9Hz 1H), 6.07 - 585 {m, 1H), 435 (s, 2H), 3.55 (ddd, /= 11.4, 6.9, 3.5 He, 2H),
3.14{ddd, /= 18.2,87, 45 Hz, 2H}), 2.35(d, /= 0.9 Hz, 3H}, 2.16 - 2.00 {m, 2H}, 1.92 {ddd,
=12.6, 84, 3.5 Hz, 2H).
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{00361}  2-{4-{(2,3-Dihydrobenzo[b}{1 4]dioxin-6-y1-2.2,3,3-d,joxypiperidin-1-y1-2,2,6,6-
di)-6,7-dihydro-SH-pyrrole|3,4-b|pyridin-5-one (Compound 2). Prepared 1n a simuilar manner
as compound 3 to provide the title compound. 'H NMR (400 MHz, MeOD} 8 7.79(d, /=09
Hz, 1H), 6.73(d, J=80Hz, 1H), 645 (d, /=27 Hz, 1H),647(dd, /=8.6,2.9Hz, 1H), 444
{tt, /=75, 38Hz 1H), 433 (s, 2H), 238{(d, /=08 Hz, 3H), 2.08 (dd, /=131, 3.7 Hz, 2H),
1.92 — 1.81 (m, 2H); ES-MS [M + H[" =390,

S~ . D
: IOV ShoS
SReeE—~ sadhe
MN CHEA, NMP, 180 °C 2N
HiN—
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{00362} 2-{4-{{2,3-Dibydrobenzol b} 4ldioxin-6-yDoxy)piperidin-i-yi-4-d}-3-methyl-6,7-
dibydro-SH-pyrrole]3,4-Hpyridin-S-one (Compound 10}, Prepared in a similar manner as
compound 3 to provide the title compound. "H NMR (400 MHz, CDCl3)} 8 7.78 (s, 1H), 6.91 (5,
1H), 6.77 (d, /= 8.7 Hz, 1H), 6.52 ~ 6.42 (m, 2H}, 4.36 (s, 2H}, 4.28 - 4.17 (m, 4H), 3.55

{ddd, J=11.6,7.0,3.5 Hz, 2H)}, 3.14 (ddd, J=12.5, &4, 3.3 Hz, 2H), 2.34 (s, 3H), 2.09(ddd, J =
13.1,7.0,3.3 He, 2H), 1.96 - 1.86 (m, 2H).; ES-MS [M+1]7: 383

O
= D

E NH o) O o
A A0

AN «
DM\/ j | SN 7( e
HN DIEA, NMP, 160 °C . N 0D

[00363]  2-(4-((2,3-Dihydrobenzo|b}|1.4]dioxin-6-yljoxy)piperidin-1-y1-2,2.6,6-d:)-3-

methyl-6,7-dibydro-5H-pyrrolo]3.4-b|pyridin-S-one (Compeound 11} Prepared in a similar
manner as compound 3 to provide the title compound. *H NMR (400 MHz, CDCh) 8 7.79 (s,
1H), 6.77(d, J= 8.8 Hz, 1H), 6.50(d, J= 2.8 Hz, 1H), 6,46 (dd, /= 8.7, 2.9 Hz, 1H), 441 —4.33
{m, 3H), 427 -4.19 (m, 4H), 235 (s, 3H), 2.08 (dd, /=132, 3.8 Hz, ZH), 1 91 {dd, /=13.2,
7.5 Hz, 2HY, BS-MS [M+1]7: 386.3.

0
A b
\(:L:}\H e O O
, o o. P Y LN L o
NS N Y 07y
HN | A D DIEA, NMP, 160 °C N

YD

100364] 2-((ZR45)-4-((2.3-Dihydrobenzo|#}{1 4]dioxin-6-y+-2,2,3,3-d)oxy)-2-
methylpiperidin-1-yi}-3-methyl-6.7-dithydro-SH-pyrrolo]3,4-blpyridin-S-one (Compound

!
HN— 4

4). Prepared in a sinular manner as compound 3 to provide the title cormpound. ES-MS [M +

H|' = 400,
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[00365]  2-{4((2,3-Dihydrobenzo| 5] {1 4ldioxin-6-y1-2,2,3,3-d:Joxy)piperidin- 1-yi}-3~
methylfure[3,4-5lpyridin-3(7H}-one (Compound §). 3-Bromo-2-(4-{{2,3~
dibydrobenzo[5if1,41dioxan-6-y1-2,2 3 3-dyyorypipenidin-1-vifuro| 3, 4-blpyridin-5(7H }-one
{131 mg, 0.25 mmol}, cesium carbonate (241 mg, 0.74 mmol}, trimethylboroxine {50% wi in
THF) (207 L, .74 mamol}, |1, 1-bis(diphenylphosphino)ferrocens]dichioropalladiom{il} (36
mg, G.05 mmol), and 1,4-dioxane {1.2 mL) were charged into a vial. The mixture was evacuoated
and purged with nitrogen and stirred at 85 °C for 17 . After cooling to ambient temperature, the
reaction was filtered through a pad of Celite® which was ringsed thoroughly with BCM/Me(OH
then concentrated onto Celite®. The crude product was purified via normal phase column
chromatography (0-70% EtOAc/Hexanes) to give the title compound (71 mg}. ES-MS [M+1]"
387, 'H NMR (400 MHz, CDCEY 8 7.77(d, J= 1.0 Hz, 1H), 678 (d, /= 87 Hz, 1H), 6. 50 (d, J
=28Hz 1H} 646 (dd, /=88, 29 Hz 1H), 513 (5, 2H), 440 (1t, J=7.3,3.7 Hz, 1H} 3.64
(ddd, J=11.7. 7.4, 3.5 Hz, 2H), 3.26 (ddd, /= 12.5, 8.0, 3.4 Hz, 2H), 2.35 (d, /= 0.8 Hz, 3H),
2.14 —2.03 (m, 2H), 2.00 — 1.78 (m, 2H).

B \fiﬁ

ook = e
HN 0{;‘%9 DIEA, NMP N

O*"\\ @

[08366]  2-(4-((2,3-Dihydrobenze] b}l 4]dioxin-6-y1-2,2.3,3-dJoxy)piperidin-1-y1}-3,7-
dimethyifure]{3.4-5lpyridin-S{7H-one {Compound 9). To a solution of 2-chloro-3,7-
dimethvlfure[3,4-6]pyridn-3{7H)-one (17.8 mg, 0.06 miol) 1o DMSO (0.5 mL) was added 4-
{(2,3-dihydrobenzo[ 6] 1, 4]dioxin-6-y1-2,2.3, 3-da}oxypiperidine (31 mg, 0.07 mmol) and N.N-
dusopropylethylamine (38 ul., 0.18 mmol) . The nmuxture was stirred at ambient temperature for
18 h, then 40 °C for 3h. The crude material was purified via RP-HPLC (5-70% ACN/ 0.1%

aqueous TFA}. Fractions containing desired product were basified with saturated agueous
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NaHCOs then extracted with 3:1 chloroform/tPA (3:1) (3x). The combined organics were passed
through a phase separator and the solvents were concentrated to give the title compound. ES-MS
[M+1]7: 401; "H NMR (400 MHz, CDCLY 8 7.74 (d, J= 1.0 He, 1H), 6.78 (d, /= 8.7 Hz, 1H)},

6.51{(d, J=28Hz 1H),647(dd, /=87, 29 Hz, 1H}, 533{(q, /=68 Hz, 1H), 440 (tt, /=74,

3.7 Hz, 1H), 376 - 3.60 (m, 2H), 3.27 (ddd, /=127, 8.0, 3.4 Hz, 2H}, 2.34 {5, 3H), 2.09{ddd, J
=10.9,7.1,3.5Hz 2H}, 1.92¢qd, /= 7.9, 3.8 Hz, ZH}, 1.61 {d, /=6.7 Hz, 3H).

D

SReEE: ek
At Uk H\r e
NYN

1,4-dioxanes, 85 °C
o o ""
ol HN=-N At
T-{4-((2,3-Dihydrobenzo[ b} [ 1 4]dioxin-6-y1-2,2,3,3-dsjoxypiperidin-1-yl)-6-methyl-
1,2 4}triazolold, 3-alpyrimidin-3(2H }-one (Compound AL}, To a solution of 4-(4-({2,3-
dihydrobenzo[bi1,41dionn~-6-y1-2,2 .3, 3-dsyoxypiperidin-1-y}-2-hydrazmeyl-5-
methylpyrimidine {26.2 mg, 0.07 mmol) in §,4-dioxane (130 pL) was added 1,1'-
carbonyidiimidazole {18 8 mg, 0.12 mmol). The reaction was heated to 835 °C for 18 h. The
reaction was cooled to ambient temperature where another 1.6 eg of CDI was added and the
mixture was then stirred at 85 °C for 8 b After cooling to ambient temperature, the mixture was
diluted with water, and the formed precipitate was collected by vacuum filtration. The solid was
dissolved in DMSQO (2 mL) and purified via RP-HPLC {5-50% ACN/ 0.1% aqueous TFA),
Fractions contatning the product were basified with saturated aqueous NaHC (s then extracted
with chloroformy/IPA (3:1) (3x). The combined organics were passed through a phase separator

and the solvents were concentrated to afford title compound. ES-MS [M+1]" 388

In} - D
O O
SAGGE SR BE:
N D Mal, 10, /tTN ~ L ]
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HN-N N-N AB

{80367}  7-{4-((2,3-Dihydrobenzeo|b]{1,4]dioxin-6-vy1-2,2.3,3-d Joxy piperidin-1-y1}-2,6-
dimethyi-{1.2.4}iriazolo]4,3-¢|pyrimidin-32H)-one (Compound A8} To a suspension of 7~
{4-{(2,3-dihydrobenzo{]{ 1, 4]dioxin-6-yi-2,2,3 3-dsjoxyypiperidin- 1 -y1}-6-methyl-
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[1,2,4Htriazolol4, 3-alpyrimidin-3(2H)-one (797 mg, 2.1 mmol} and potassium carbonate (577
mg, 4.1 mmol) in DMF (30 mL} was added iodomethane (0.22 mE, 3.5 mmol). The reaction was
stirred at 60 °C for 18 h. The reaction was diluted with water and 3:1 CHCB/IPA. The layers
were separated and the aqueous layer was extracted (3x) with CHCL/IPA. The combined organic
iayers were washed with brine {2x), dried (MgSOu). filtered, and concentrated. The crude
sample was purified by reverse-phase chromatography {10-50% MeCN/Water/0.05% NH4OH) to
afford the title compound (472 mg). 'H NMR (400 MHz, DMSQ0) 8 7.90(d, /= 1.3 Hz, 1H),
6.75(d, J=88Hz 1H),6.52(d, J=29Hz, IH),647(dd, J=88 29Hz 1H),449(t, /=77,
37 Hz, 1H), 377 -3.62 (m, 2H), 3.39 (5, 3H), 3.31 - 3.25 (m, 2H), 2.16(d, /= 1.2 Hz, 3H),
2.06-1.90(m, 2H), 1.67 (ded, 7=12.2, 8.2, 3.5 Hz, ZH). BS-MS [M+11": 402.1.

[

\)\r O \OA/ /,\\»" O\\/’A\\ 3]
o :t B N g io
Xy \T/L\r \,/" / O o
N /N 1,4-dioxanes, 85 °C N
Ob\/ ‘Y AS
'\iH —N
HN HN

[00368]  7-(4-((2,3-Dihydrobenzol b1 4]dioxin-6-y1-2,2.3,3-dJoxypiperidin-1-y)-5,6-
dimethyl-{1,2 4liriazolol4,3-a]pyrimidin-3(2H)-one (Compound A9). To a solution of 4-(4-
{(2,3-dihydrobenzo[5]i1.4]dioxin-6-v1-2,2 3, 3-ds}oxy)piperidin-1-y}-2-hydrazimeyi-S,6-
dimethylpyrimadine {53 mg, 0.14 muvol) 10 1,4-dioxane (250 pL) was added 1,1'-
carbonyidumidazole (37 mg, 0.23 mmol) and the mixture was heated to 85 °C for 18 h. After
cooling to ambient temperature, the mixture was diluted with water, and the precipitate formed
was collected by vacuum filiration.  The solid was then dissolved in DCM/MeQGH, dried
{(Naz80u), filtered, and concentrated to give title compound (51 mg). 'H NMR (400 MHz,
CDCHYS8364(s, 1H), 6.78(d, /=87 Hz, 1H), 648 (d, J=28Hz 1H), 6,44 (dd, /= 88,29
Hz, 1H), 4.43 - 4.22 (m, 1H), 3.62 (ddd, J = 12.2, 7.7, 3.4 Hz, 2H), 3.27 (ddd, /= 12.6, 7.7, 3.6
Hz, 2H), 2.76 (s, 3H), 2.07 (s, 3H), 2.07 — 2.00 (m, 2H), 1.94 ~ 1.81 (m, 2H). ES-MS [M+1]"
402.
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[00369]  7-{4-((2,3-Dihydrobenzo|5]{1,4]dioxin-6-v1-2,2,3,3-d Joxy ipiperidin-1-y1)-2,5,6-
trimethyl-[1,2 4{triazolof4,3-alpyrimidin-3(2H}-one (Compound A16). To a solution of 7-(4-
{(2,3-dihydrobenzo[61{1,4ldioxin-6-yI-2,2.3 3-dijoxy)piperidin-1-y1)-5, 6-dimethy!-
[1,2,4¥triazolol4, 3-alpyriondin-3(2H-one (2.05 g, 5.1 mmol} in DMF (25 mL) was added
potassium carbonate {1.43 g, 10.2 mmol) followed by iodomethane {0.48 mL, 7.7 mmol). The
mixture was heated at 60 °C for 18 h. To the reaction was added 50 mL water, and the resulting
precipitate was filtered, washed with water, and dried under high vacuum. The solid was purified
by reverse-phase chromatography (10-60% MeCN/Water/0.05% NHaOH) to afford the title
compound {940 mg). 'H NMR (400 MHz, DMSQ0}56.75(d, /=88 Hz, 1H), 6.52(d, /=28
Hz, 1H), 6.47 (dd, /=88,29Hz 1H), 446 (dt. /=79, 40 Hz, 1H), 3.59-3.46 {m, ZH), 3.36
{s,3H), 314 (ddd, /= 12.8, 8§, 3 2 Hz, 2H), 2.65 (s, 3H), 2.01 {5, 3H}, 2.01 — 1.95 {m, 2H),
1.68 (dtd, /=122, 8.2, 3.4 Hz, 2H). ES-MS [M+1]": 4162,

O O )
OO e SRS
Gl N e D Me’ . N p 0
T "o o ey
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00378}  S-Chlore-7-(4-((2,3-dihydrobenzo[}[1,4|dioxin-6-y1-2,2,3,3-ds joxy)piperidin-1-
yh-2.6-dimethyl-11,2 4ltriazolel4,3-¢|pyrimidin-3(2H)-one (Compound A11), A solution

of S-chloro~-7-{4-((23-dihydrobenzo[ 41 1,4 dioxin-6-y1-2,2,3 3~dioxy)piperidin-1-y)-6-methyl-
[1,2,4ltriazolo[4, 3-alpyrimidin-3{2H)-one (20 mg, 0.05 mmol) and potassium carbonate (13 mg,
0.09 mmol) in DMF (0.28ml.) was stirred at ambient temperature for 20 nun. Todomethane (4
ul, 0.07 munol) was then added, and the mixture was stirred at 60 °C for 18 h. The mixture was
added to water {10 mL) and extracted with EtOAc (3x). The collected organic lavers were dried
{Naz804), filtered, and concentrated. The crude material was purified via RP-HPLC (15-559

ACN/ 0.1% aqueous TFA). The fractions containing desired product were basified with saturated
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agqueous NaHCQO: then extracted with 3:1 chioroform/IPA (3x). The combined organics were
passed through a phase separator and the solvents were concentrated to give the title compound
{9 mg). 'H NMR (400 MHz, CDCEY 8 6.77(d, J = 87 Hz, 1H), 6,48 {d, /= 2.8 Hz, 1H), 6.44
{dd, /=87 28 Hz, 1H}, 440 (t, J=68,3.5 Hz, 1H}, 3.64 (ddd, /=123, 8.2, 3.4 Hz, 2H}, 3.53
(s, 3H),335(ddd, /=13.4,7.2,3.6 Hz, 2H}, 2.19 s, 3H), 2.03 (ddt, /= 12.1, 7.9, 3.8 Hz, 2H),
1.90 (dtd, /= 13.6, 6.9, 3.4 Hz, 2H). ES-MS [M+1]": 436.3.
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180371} 2-(4~((2,3-Dihydrobenzo] 51 4]dioxin-6-y1-2,2.3,3-d yoxy)piperidin-1-y1)-3,4,6-
trimethyl-6,7-dibhydro-SH-pyreolo]3.4-blpyridin-S-one (Compound 12}, Prepared in a
similar manner as Compound 3. 'TH NMR (400 MHz, CDC13) 8 6.77 (d, J = 8.7 Hz, 1H), 6.51 (d,
J=2.8Hz, 1H), 647 (dd, J=87, 2.9 Hz, 1H), 433 {1, /= 7.8, 3.8 Hz, 1H), 421 (3, 2H), 3.44
{ddd, /=112, 6.6,3.7 Hz, 2ZH), 3.15 (s, 3H), 3.04 (ddd, /= 12.5, 8.8, 3.2 Hz, 2H)}, 2.62 (s, 3H),
222 (s, 3H), 210 (dtd, =125, 8.0, 4.6 Hz, 2H), 1.92 (dtd, /=12.3, 8.3, 3.5 Hz, 2H}. ES-MS
IMHIT 414
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86372}  2-{4-((2,3-Dihydrobenzo[d]{1,4]dioxin-6-y1-2,2.3,3-d Joxy ipiperidin-1-y1}-3.4-
dimethyl-6,7-dibydro-SH-pyrrole[3.4-blpyridin-5S-one (Compound 13). Prepared in a sumudar
manner as Compound 3. "H NMR (400 MHz, CDCELY 8 6.78(d, /= 8.7 Hz, 1H), 651 (d, /=28
Hz, 1H), 6,47 (dd, J=8.8, 2.8 Hz, 1H), 5.85(s, 1H), 434 (tt, J=77,3.8 Hz, 1H), 4.28 (s, 2H),
3.52-3.41 {m, 2H), 3.06 (ddd, S =125, 8.7, 3.2 Hz, 2H}, 2.63 (s, 3H}, 2.23 (5, 3H}, 216~ 2.03
(m, 2, 192 (did, J=12.3, 8.2, 3.5 Hz, 2H). ES-MS [M+1]" 400
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The compounds shown in Table I may be prepared using the methods shown i the

preceding Schemes and Examples with the appropriate starting materials.

Table 1

Cpd.
MNe,

Name

Structure

ES-MS
VL]

2-(4-((2,3-
dihydrobenzo[ 5[ 1,4 1dioxin-G-
vi-2.2,3,3-dsyoxy )piperidin-1-
vi-4-d}-3-methyl-6,7-dthydro-

SH-pyrrolof3,4-blpyridin-S-one

\"\L_D

P

=l

Hi-

3874

2~{4-{{2,3-
dihydrobenzo[ £} 1,4]dioxin-6-
v1-2,2,3,3- dgjoxy)piperidin-1-
vi-2,2,6,0~ di}-3-methyl-6,7-
dihydro-5H-pyrrolo{3,4-
blpyridin-5-one

390

2-{4-((2,3~
dihydrobenzo[6}{ 1, 4]dioxin-6-
vi-2.2.3,3~ds)oxy piperidin-1-
yi}-3-methyl-6,7-dihydro-5H-

pyrrolo]3 4-blpyridin-5-one

o

f/\\:' As) N G ;“D
={/\\ N\,/’ P o \[;D
i

2-((2R 48)-4-((2,3-
dihydrobenzo[b}{1,4]dioxin-6-

yi-2,2.3,3-dyoxy -2~
methylpiperidin-1-y1}-3-methyi-
6,7-dithydro-3H-pyrrolof3,4-

blpyridin-5-one

400.5
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2-{4-((2,3-
dihydrobenzo[ i 1,41dioxin~-6-
v1-2,2.3,3-dsyoxy pipetidin-1-
y1}-3,6-dunethyl-6,7-dihydro-

SH-pyrrolof3,4-61pyridin-S-one

4003

6-cyclopropyi-2-(4-((2,3~
dibydrobenzo[5}i 1,41dioxin-6-
vi-2,2.3,3-dajoxy piperidin-1-
y-3-methyl-6,7-dihydro-5H-

pyrrolo{3.4-blpyridin-S-one

3

S-cyclopentyl-2-(4-{(2,3~
dihydrobenzo[b}{1,4}dioxin-6-
vi-2,2.3 3-dayoxy ypiperidin-1-
v1}-3-methyi-6,7-dihydro-5H-

pyrrolo]3,4-blpyridin-S-one

454.4

2-(4-((2,3-
dibydrobenzo[ £} 1,4]dioxin-6-
vi-2.2 3 3-daoxyypiperidin-1-
yh-3-methyituro]3, 4-blpyridin-

5{(7H}-one

o]
o
[N
[¢4]
~3
(8]

2-(4-((2,3-
dihydrobenzo[ ]l 1,41dioxin~-6-
vi-2,2.3,3-dajoxy piperidin-1-
vi}-3,7-dimethyuro{3,4-
blpyridin-5{(7H}-one

401.3

1¢

2-(4-((2.3-
dihvdrobenzo[6]{ 1, 4]1doxin-6-
viyoxy)piperidin- 1-yl-4-d}-3-
methyl-6,7-dibhydro-SH-

pyrrolo]3,4-blpyridin-5-one

(98]
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dihydrobenzo[ i 1,41dioxin~-6-
i1 yloxypiperidin-1-y1-2,2,6,6-
day-3-methyl-6,7-dihydro~-5H-

pyrrolo]3 4-blpyridin-S-one

3863

2-{4-((2,3~
dihwdrobenzo[ 6] 1, 41doxin-6-
12 v1-2.2,3,3-dsYoxy Ipiperidin-1 -
v1}-3,4,6-trimethyl-6,7-dihydro-

SH-pyrrolof3,4-blpyridin-S-one

4143

2-{4-{{2,3~
dihydrobenzo[ £} 1,4]dioxim-6-
13 yi-2.2,3 3-doyoxy)piperidin-1 -
yi}-3,4-dimethyi-6,7-dihydro-

SH-pyrrolo{3,4-5pyridin-S-one

400.3

T(4-{(23-

dihydrobenzo[ b} 1,4]dioxin-6-
vi-2,2.3,3-dayoxy pipetidin-1-
yi-6~-methyi-[1,2,4]triazolof4, 3-

alpyrimidin-3{2H}-one

388.2

7-(4-((2,3-
dihydrobenzo[6]{ 1,4]dioxin-6-
A2 vi-2,2,3,3-dayoxy Ipiperidin-1 -
yi}-2-ethvl-6-methyl-
[1.2,4}triazolof4, 3-ajpyrimidin-

3{2H)-one

416.4
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[1,2,4}triazolof4,3-a]pyrimidin- ,.N“'N
3(2H)yone
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7-(4-((2,3-
: . o op
dihydrobenzo[h}[1,4]dioxin-6- j/ 5\ 13
N P 0
- E B NS g //“
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Biological Activity

A. Cell Lines Expressing Muscarinic Acetylcholine Receptors
{00374} Human and rat Ma cDNAs, along with the chimeric G protein Gqs, were transfected
mto Chinese hamster ovary (CHO-K 1) cells purchased from the American Type Culture
Collection using Lipofectamine2000. The transfected cells were subjected to selection antbiotic
treatment to generate stable cell hines; G41¥ sulfate (1 mg/ml} for selecting My expressing celis
and Hygromycin B (500 pg/mL) for selecting Guis expressing cells. The resulting polyclones
were further screened fo obtain monoclones of hMa—Gais and rMa—Gqis for compound screening
assay. Stable monoclone cells were maintained in Ham’s F-12 medmim containing 10% heat-
mactivated fetal bovine serum (FBS), 1X Antibiotic/Antimycotic, 20 mM HEPES, 500 ug/mL
G418 sulfate, and 200 pg/mb Hygromycm B in 37 °C humidified incubators in the presence of
5% CO2.

B. Cell-Based Functional Assay of Muscarinic Acefylcholine Receptor Activity
{60375} The high throughput assay was employed to measure receptor-induced mobilization
of mtracellular calcium to determine compound activity. Test compound was added to cells
expressing the muscarime receptors that were loaded with calcium sensitive fluorescent dye.
After a ~2.5 minute incubation period, a submaximal (EC20) concentration of acetvicholine was

added, and the response measured. This kinetic assay allows for simultaneous screening and
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potency determination of multiple pharmacological modes of action including agonist and
potentiator activity, CHO-K1 cells stably expressing muscarinic receptors were plated in growth
medium lacking (3418 and hygromycin at 15,000 cells/20 ul/well in Greiner 384-well black-
walled, tissue culture (TC)-treated, clear-bottom plates {Greiner Bio-One). Cells were incubated
overnight at 37 °C and 5% COu. The next day, calcium assay buffer (Hank’s balanced salt
solution (HBSS}, 20 mM HEPES, 2.5 mM Probenecid, 4.16 mM sodium bicarbonate {Sigma-
Aldrich, 5t Lows, M)} was prepared to dilute compounds, agonists, and Fluo-4-
acetomethoxyester {Fluo-4-AM), flucrescent calcium indicator dye. Compounds were senally
diluted 1.3 juto 10 point concentration response curves in PMSO using the Bravo Liquid
Handler {Agilent, Santa Clara, CA), transferred to a 384 well daughter plates using an Echo
acoustic liquid handler (Beckman Coulter, Indianapohs, Indiana), and diluted in assay Bufferto a
2X final concentration. The agonist plates were prepared using acetyicholine (ACh, Sigma-
Aldrich, St Lows, MO} concentrations for the ECa and ECuax responses by diluting 1o assay
buffer to a 5X final conceniration. The 2ZX dye solution (2.3 uM) was prepared by mixinga 2.3
mM Fluo-4-AM stock in BMSO with 10% (w/v) pluronic acid F-127 ina 1:1 ratio in assay
buffer. Using a microplate washer (BioTek, Winooski, VT), cells were washed with assay buffer
for 3 times to remove medium. After the final wash, 20 ul of assay buffer remained in the cell
plates. Immediately, 20 b of the 2X dye solution (final 1.15 uM) was added to each well of the
cell plate using a Multidrop Combi dispenser (Thermo Fisher, Waltham, MA}. After cells were
incubated with the dye solutions for 45 min at 37 °C in the presence of 5% COg, the dye
solutions were removed and replaced with assay buffer using a microplate washer, leaving 20 uL
of assay buffer in the cell plate.

{80376}  The prepared compound, agonist, and cell plates were placed inside the Functional
Drug Screening System uCell (FDSS uCell, Hamamatsu, Japan) to measure the calcium flux.
The triple add protocol was used to measure Ca kinetics; Compound, ACh for ECa, and ACh for
ECse adds in an order. Briefly, after establishiment of a fluorescence baseline for 2 seconds
{excitation, 480 nm; emussion, 530 nm), first add occurred by adding 20 pl. of test compound to
the cells, and the response was measured for 140 seconds. This 1s followed by second add; 10 uL.
{5X} of an EC2 concentration of ACh agonist was added to the cells, and the response of the
cells was measured for 123 seconds. Imvnediately, the third add occurred by adding 12 ul (53X of

an BCso concentration of ACh and the response of the cells was measured for 90 secounds.
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Acetylcholine-mediated maximum response {ECna) was measured by adding 1 mM ACh as
third add in the control wells. DMSO vehicle was added to the control wells in the first add for
assessing ACh ECg, EC80, and ECusx responses. (alcium fluorescence was recorded as fold
over basal fluorescence and raw data were normalized to the maximal response to ACh agonist.
Agonist activity was analyzed as a concentration-dependent increase in calcium mobilization
upon compound addition. Positive allosteric modulator activity was analyzed as a concentration-
dependent increase m the ECyw acetylcholine response. Antagonist activity was analyzedas a
concentration-dependent decrease in the ECso acetylcholine response. Concentration-response
curves were generated using a four-parameter logistical equation using GraphPad Prism (La

Jolla, CA) or the Dotmatics software platform (W

180377} The above-described assay was also operated in a second mode where an appropriate
fixed concentration of the present compounds was added to the cells after establishment of a
fluorescence baseline for about 3 seconds, and the response in cells was measured. 140 s later,
the appropriate concentration of agonist was added and the calcium response {maximum-local
nunima respouse) was measured. The ECse values for the agonist in the presence of test
compound were determined by nonlinear curve fitting. A decrease in the ECso value of the
agomnist with increasing concentrations of the present compounds {a leftward shift of the agorst
concentration-response curve) is an indication of the degree of muscarinic positive allosteric
maodulation 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 M, Cell-Based Assay
[86378] Compounds were synthesized as described above. Activity (ECso and Emax) was
determmed m the Mu celi-based functional assay as described above and the data are shown in
Table 2. Also, selectivity at Mz activity {ECso and Emar} was shown below as determined i the
Mz cell-based functional assay. The compound number corresponds to the compound numbers
used in Table 1.

Table 2.

No. | Human M: ECse [TTAT Human M; ECso Eons (Yo}
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{(nBi) {nB1)
1 3 108 346 69
2 3 a1 367 57
3 2 96 658 61
4 il &S 3870 57
B 4 76 219 70
& 9 78 867 o4
7 653 76 3749 33
8 3 104 494 36
g 27 91 2240 57
10 3 93 330 60
i1 5 73 508 60
iz 7 143 2380 54
13 4 101 mactive
Al 5 100 367 78
AZ 2 &2 884 70
A3 8 79 5405 55
Ad 9 &8 1385 68
AS 12 &7 2870 66
A6 7 a0 499 68
AT 53 89 >10,000 47
A8 48 95 Inactive
A9 5 79 839 45
AlQ 2 96 1515 34
All 12 90 6086 57
Al2 32 103 Inactive
Al3 28 103 Inactive
Al4 3 84 2230 60
AlS 53 83 5922 45
A6 4 &4 2864 48
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A7 64 87 Inactive
Al8 3 98 1113 53

* % ACh maximurn at 30 uM.

B. Functional Assessment of My Activator Compounds in Cellular cAMP Assay
Cellular cAMP G; HTRF Assay

{80379}  Activation of the Ma receptor leads to the inhibition of cAMP production by coupling
1o Gio proteins. To measure the level of cAMP inhibition by My allosteric modulators, a
Homogeneous Time-Resolved Fluorescence (HTRF®) cAMP assay was employed using CHO
cells stably expressing human or rat Ma receptors. The HTRF cAMP assay is a Tune-Resolved
Resonance Energy Transfer (TR-FRET) competitive immunoassay. Endogenous intracellular
cAMY generated by cells competes with Europium cryptate-labeled cAMP (Europium donor,
emission 665 nm) for the binding tc a cAMP antihody labeled with d2 (d2-acceptor, emission
620 nm}. Thus, the fluorescence emission ratio (665 nm/620 nm) 1s inversely proportional to the
cAMP amount in the cells. Compound-mediated My activation results in an increase in HTRF
ratio {665 /620 nmy, indicative of a decrease wn jutracellular cAMP level. To monitor agonist
activity, compounds were added to the My cells in the presence of an ECso concentration of
forskolin {adenylyl cyclase activator) which induces a submaximal intracellular cAMP level To
assess potentiator activity, compounds were added to the My cells with an ECro concentration of
forskolin in the presence of an ECz concentration of acetylcholine. This functional assay allows
determination of the potency and efficacy of compounds directly activating or potentiating the
Gio-coupled My receptor; representative data are shown in Table 3.
[80388] Functional agonist and potentiator activities of compounds were determined by
measuring cAMP levels in Chinese Hamster Ovary (CHO) cells stably expressing human or rat
My muscarimic receptors using an HTRF cAMP Gie kit Cells were maintamed in F12 medium
contaimng 10% FBR, 20 mM HEPES, 1X Antibiotic/ Antimycotic, and G418 (500 pg/mi) in 37
°C humudified incubators m the presence of 5% COz. The day before assay, the cells were
trypsinized and resuspended m plating medium {growth mediom without G418} The cells were
plated to white, solid, flat-bottomed, 384 well plates at densities of 4,000 and 6,000 celis/10
ub/well, of human Maand rat My cells, respectively. The cell plates were spun at 100xg for 1

min, then immediately placed ina 37 °C incubator in the presence of 5% COz overnight.
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100381}  The next day, reagents were freshly diluted at a 2X concentration in assay buffer
using F12 basal medium or stimulation buffer. All assay buffers contained 5060 M IBMX to
block cAMP degradation. Activation of Ma by compounds was examined in cells stimulated with
an BCeo concentration of forskolin to mduce submaximal mitracetlalar cAMP levels. Forskolin
ECso concentrations were determined from forskolin concentration response curves {CRCs) and
ranged from 1.5 to 2.5 pM. Compounds (10 mM) were prepared in 100% DMSO and further
serially diluted erther 1.3 or 1.5 into a 13~-point CRC in DMSO using a Bravo Liquid Handler in
a 384 well microplate.

[00382]  Agomst assay mode was used to assess the abilities of Ma compounds to directly
activate My receptors in the absence of the agonist, acetylcholine. The 10-point serially diluted
compounds, starting 30 WM as a final concentration, were transferred to a compound plate using
an Fcho plate reformat protocol. 2X assay buffer containing an ECey concentration of forskolin
concentration was added to the compound plate. Vehicle (1% DMSQO) was added to the
following control wells; baseline cAMP (no forskolin), forskolin max, and forskolin ECse 10
ul/well of the prepared 2X assay buffer was immediately added to the cell plates using a Bravo
384 well tip liguid handier. The cell plates were immediately spun for 30 seconds at 100 x g and
mcubated at 37 °C for 10 min with gentle shaking at 50 rpm. An acetylcholine CRC was also
performed in the presence of an ECso concentration of forskolin to determine the concentrations
of acetylcholine inducing maximal {ECwa} and submaximal (ECae) cAMP inhubition in order to
prepare for the subsequent potentiator mode assay.

100383}  In potentiator assay mode, the 10-point serially diluted compounds, starting 1.1 M
as a final concentration, were transferred to a compound plate using an Echo plate reformat
protocol. 2X assay buffer containing an HECso concentration of forskolin and an EC
concentration of acetylcholine was added to the compound plate. Vehicle (1% DMSO) was
added to the following: (1} for forskolin controls wells - baseline cAMP (no forskolin), forskolin
max, and forskolin ECso, (2) for agonist control wells contaming forskolin ECse — basal (no
agounist), and acetylcholine ECoo and ECwax. 10 ul/well of the prepared 2X assay buffer was
immediately added to the cell plates using 3 Bravo 384 well tip hiquid handler. The cell plates
were immediately spun for 30 seconds at 100x g and incubated at 37 °C for 10 min with gentle
shaking at 50 rpm. During the 10-minute incubation pertod, cAMP Ew-crypiate donor {20X) and

anti-cAMP d2 antibody acceptor {20X) were diloted i lysis/detection buffer in separate tubes.
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Immediately after the incubation, cells were lysed by sequentially adding 10 ul/well of cAMP
Eu-crytate solution and 10 uL/well of anti-cAMP d2 antibody solution. The cell plates were
mmmediately spun for 30 seconds at 100x g and incubated for 60 minutes at 25 °C with gentle
shaking at 30 rpm. Immediately after the detection incubation, TR-FRET signals were measured
at two channels, 665 and 620 nm, using an EnVision Plate reader (Perkin Elmer). All emission
ratios {665/620) were normalized to % acetyicholine max. Individual CRCs were generated
using a four-parameter logistical equation using GraphPad Prism (La Jolla, CA}, and ECso was
extracted from the {fitting, and maximal response (% ACh Max) was determined,

top — bottom
1 4 10llegECSI-d)Hilslope

y = bottom +

where A is the molar concentration of the compound; botiom and fop denote the lower and upper
plateaus of the concentration-response curve; HiliSlope 1s the Hill coefficient that describes the
steepness of the curve; and ECso is the molar concentration of compound required to generate a

response halfway between the fop and bottom.

Table 3. hM; cAMP Activity

Compound No. Agonst PAM
ECso (nM} | % ACh Max ECso (nM)} % ACh Max
3 20 106 =3 6 94 n=3
A6 16 89 0=l 3 76 e
AlD 7 105 0=2 2 82 n=2

Table 4, Materials and Equipment

ftem Manufacturer | Cat #

F12 medium Thermo Fisher | 11765034
Cell culture | Fetal bovine serum Thermo Fisher | 16140089

Antibiotic/Antimycotic Thermo Fisher | 15240062
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1 M HEPES (2-[4-(2-hydroxyethyl} )
( ‘ v S Thermo Fisher | 15630080
piperazin-1-y!] ethanesulfonic acid)

(G418 Sulfate Thermo Fisher | 10131027
TryplE Express Thermo Fisher | 12605036
HTRF cAMP-Gi kat Cisbio G2AMOPEC
CELLSTAR, 384 well plate, TC-treated, _
‘ _ Gretner 781080
White, Solid-flat bottom
IBMX (3-isobutyl-1-methylxanthine} Sigma [5879
Forskolin Sigma FOREO
CAMP Assay - - - —
Acetylcholine chloride Nigma AB62S
DMSO (Dimethyl sulfoxide) Sigma D8418
Eche 650 hiquid handler Beckman G01-16079
Bravo liquid handler Agilent (GSSH3AA
HnVision plate reader Perkin Elmer 2105-0011

E. Effects of Compounds on Amphetamine-Induced Hyperiocomeotion in Rats
100384} The ability of compound 3 to reverse amphetamine-induced hyperlocomotion, a
preclinical model predictive of antipsychotic-like activity {Stanhope er of. (2001} J Pharmacol
Fixp Ther. 299:782-792), was evaluated i male Sprague-Dawley rats,

[80385] Drugs: d-Amphetamine heraisulfate was obtained from Sigmoa (St Louis, MO). Salt-
correction was used o determine the correct amount of the d-amphetamine hemisulfate forr in
milligrams to add to sterile water 10 order to vield a .75 mg/ml. solution, which would be dosed
at 1 ml/kg body weight of each animal. Compound 3 and the comparator compound
VUG467154 (g reported mACHhR MaPAM, Bubser ef af. ACS Chem. Newrosci. 2014, 5{10).920-
942) were formulated in volumes specific to the number of animals dosed each day at the
particular dosage. The solutions were formulated so that ammals were mjected with a volume
equal to 10 mb/kg body weight for all compounds. The appropriate amount according to the
dosage was mixed in 10% Tween 80 (Sigma} in steride water. The mixtures were then vortexed
and stored 11 a 39 °C sonication bath for 1 hour, until i a solution or microsuspension

{depending on dose).
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100386} Animals: Male Sprague-Dawley rats weighing 239 - 300 grams and averaging 265 ¢
{Harlan, Inc., Indianapolis, IN} were used. They were housed in the animal care facility certified
by the American Association for the Accreditation of Laboratory Amimal Care (AALAC) under a
12-hour hght/dark cycle (lights on: 6 am.; lights off: 6 p.m.} and had free access to food and
water. The animals used in this experiment were food-deprived the evening before
experimentation for oral dosing of compound/vehicle. The experimental protocols performed
during the light cycle were approved by the Institutional Animals Care and Use Commuities of
Vanderbilt University and conformed to the guidelines established by the Mational Research
Council Guide for the Care and Use of Laboratory Animals.

(80387} Amphetamine-induced Hyperlocomotion: Male Harlan Sprague Dawley rats were
habituated in Smart Open Field locomotor aciivity test chambers {(Hamilton-Kinder, San Diego,
CAY with 16 x 16 photo beams to awtomatically record locomotor activity. After 30 minutes of
monitoring, animals were dosed by way of oral gavage with vehicle or compound — either
compound 3 or YU0467154. They were monitored for an additional 30 minutes and then inyjected
subcutaneously with vehicle or 0.75 mg/kg amphetamine. Animals were then monttored for an
additional 60 minutes, for a total of 120 minutes. Data were expressed as changes n ambulation
defined as total number of beam breaks per S minute mterval Terramnal bram and plasma
samples were collected at the end of the study for pharmacokinetic analysis.

[00388] Data Analysis: Behavioral data were analyzed using a two~way ANOV A with main
effects of treatment and time. Post hoc analysis was performed using a Dunnett’s {-test with all
reatment groups compared to the Vehicle/amphetamine group (VAMP) group using GraphPad
Prism V.5.04 {GraphPad Software, San Diego, CA). Data were graphed using GraphPad Prism
V.5.04 {GraphPad Software, San Diego, CA}. A probability of p < 0.05 was taken as the level of
statistical significance. In addition, the total number of beam breaks from the amphetamine
administration (65 mun} to the end of the study {120 min) was calculated and graphed. Percent
Reversal was calculated as follows using Microsoft Excel: In each animal, total ambulation from
=65 to t=120 was summed. The mean of each sum was calculated in the VAMP group. Then,
for each animal, Percent Reversal was calculated with the following formula: Percent Reversal
=100 - {[(total ambulation in each animal from =65 to t=120)/(mean of each sum from =65 to
=120 in VAMP group}| *100}. The mean Percent Reversal, as well as the standard error, was

calculated for each dose group using GraphPad Prism V3.04,
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100389} Resuits: Compound 3 dosed at 1 mg/kg, 1.8 mg/kg, 3 mg/kg and 5.6 mg/ke, and
YVUG467154 dosed at 10 mg/kg, reversed amphetamine-induced hyperlocomotion with percent
reversals of 27 5%, 40.1%, 59.1%, 60.9%, and 56.2% respeciively. Data are tllustrated in the
Figure.

180390} Conclusions: Systemic administration of the Ms PAM compound 3 caused 2
significant and sustained reversal of amphetamine-induced hyperlocomotion to a similar extent
as the comparator Mu PAM compound VUOG467154 at 10 mg/kg p.o., suggesting that these

compounds have antipsychotic-like effects in this animal model.

F. In vitro Secondary Pharmacology and Toxicity
100391} Compound 3 was tested using Eurofins LeadProfilingScreen®, which detects
potential adverse activity, additional unexpected activity and relative selectivity and specificity.
The screen includes 68 primary molecular targets, including several UNS targets recommended
by the EMEA to evaluate drug dependence potential. Compound 3 exhibited < 50% inhibittion of
each target in the LeadProfilingScreen®, at 10 uM (binding}).
993921 Compound 3 was further tested using Euwrofins Ames Test. The Ames test is a widely
used bacterial assay for the wdentification of compounds that can produce gene mutations, and it
shows a high predictive value with rodent carcinogenicity tests. The Ames test used four strains
of Salmonella with pre-existing mutations that rendered the bacteria unable to synthesize the
essential ammo-acid histidine, and, as a result, unable to grow in histidine-free medium. I a
compound induces mutations in these particular genes, it can restore gene function, allowing the
cells 1o regam the capacity to synthesize histidine and therefore grow in 1ts absence ("reversion

assay"). Compound 3 tested clean in this assay, at S — 100 M.

G. Tne vitro and in vive Drug Metabolism and Pharmacokinetics (DMPK)
{86393} Compounds may be tested in in vifro assays to investigate both metabolism and
pharmacokinetics. These assays may be performed according to known methods as generally
described in the following references: Conde-Ceide ef af. ACS Med. Chem. Lett. 2015, 6,716-
720; Morris ef al. J. Med. Chem. 2014, 57, 10192-10197; and Bubser ef al. ACS Chem. Newrosci.

2014, 5, 920-942. In vitro DMPK data for Compound 3 are listed in the following table.
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Assay Result

MDCK-MDR1 ER 1.3 (Pupp A— B 455 % 10°
cm/s)

Rat Fu (plasma) 0.026

Dog Fu (plasma) 0.042

Cyno Fu {plasma) ND

Human Fy (plasma} 0.022

Rat Fy (brain) 0.G15

Rat CLin (mL/min/kg) 90

Dog CLin {imL/min/kg) 19

Cyno Clim {(mb/minvkg) ND

Human CLin (nL/minvkg} | 15

PA50 3A4 1Cs0 (M) =100
P450 236 1Cs0 (M) >100
PA30 209 ICs0 (M) ~100
P450 TA2 ICso (uM) >100

[803%4] The in vivo pharmacokinetic data listed in the following table for Compound 3 was

determined from pharmacokinetic studies in rat or dog, according to known methods as generally

described mn the folowing references: Garrison er al J. Med, Chem. 2022, 65, 6273-6286; Felts
et al J Med. Chem 2017, 60, 5072-5085; and Yu et al. J. Med. Chem. 2021, 64, 4709-4729.

Assay Resulé

Rat CLg (mL/oun/kg) 169

Dog CLp {mL/min/kg) 1.8

Rat Vis (L/kg) 16

Dog Vs (L/kg) 1.0

Rat Elum. tiz (hr) 1.4

Dog Blim. tiz () 7.6

Rat oral F (3 mg/kg) >100%

Dog oral F (3 mg/ke) 39%
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Rat brain: plasma K, 1.2

Rat brain: plasma Kpu 0.7

[86395] 1t is understood that the foregoing detailed description and accompanying examples
are merely tlustrative and are not to be taken as limitations upon the scope of the invention,
which s defined solely by the appended claims and their equivalents.

{88396} Various changes and modifications to the disclosed embodiments will be apparent to
those skilled 1 the art. Such changes and modifications, mncluding without lunttation those
relating to the chemical structures, substituents, dervatives, mtermediates, 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 1s claimed is:
1. A compound of formula (1}, or a pharmaceutically acceptable salt thereof,
(R,
P N

wherein:
R?
RE LE??‘
N N
O’\‘\\g{ 7/
NN
Gis or RE

X NR? or G;

R** and R*™ are independently hydrogen, Cralkyl, Caacycloalkyl, or ~Ciaalkylene-OH; or
R* and R*® together with the carbon to which they attach form a Ca.scycloalkyl;

R’ is hydrogen, Crsalkyl, Crsfluoroalkyl, ~Cisalkylene-RY, ~Crsfluoroalkylene-RY, G°, or -C1.
salkylene—G°;

RY is ~OR® —N(R™)o, ~-C{O)R>, -C{OYOR™, or ~C{OIN(R*);;

R at each occurrence, is independently hydrogen, Crsalkyl, Crsfluorcalkyl, Ciacycloalkyl, or
~Craalkvlene-Csacycloallkyl

(3 is phenyl, a 4- to 8-membered heterocyciyl containing 1-2 heteroatoms, a 5- to 6-membered
hetercaryl containing 1-4 heteroatoms, or a Ca.scycloalkyl, wherein the hetercatoms are
independently selected from the group consisting of O, N, and 8 and G° is optionally

substituted with 1-4 substituents independently selected from the group consisting of Cs-
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salkvl, halogen, oxo, ~QCisalkyl Ciafluoroalkyi, Caacycloalkyl, and —Cizalkylene-Cs.
scycloalkyl;

R® 13 hydrogen, halogen, cyano, Ciualkyl, Crsfluorcalkyl, Cosalkenyl, ~OR® -N(R), ~Ci-
salkylene-OR%™, or Csacycloalkyl;

R®* at each occurrence, is independently hydrogen, Craalkyl, Crufluoroalkyl, Csacycloalkyl or
~Craalkylene—Cs.acyeloalkyl;

wherein alternatively, two R*, together with the nitrogen to which thev attach form a 4- to 8-
membered heterocyclic ring containing the nitrogen attached to R® and optionally 1
additional heteroatom that 1s O, N, or §, the heterocyclic ring being optionally substituted
with 1-4 substituents independently selected from the group consisting of halogen, Craalkyl,
and Ciofluorcatkyl;

R’ is Craalkyl, hydrogen, halogen, cyano, Ci.afluorcalkyl, Craalkenyl, -OR"* —Cisalkylene—
QR COR™ COR™, or Cisoyeloalkyl;

alternatively, R® and R’, together with the atoms to which they are attached, form an aromatic or
non~aromatic ring consisting of 3-7 carbon atoms;

R’ is hydrogen, Ciaalkyl, Ciafluorcalkyl, Cracyeloalkyl, or ~Ciaalkylene~Csacycloalkyl;

R®, at each occurrence, is independently halogen, Craalkyl, Crafluoroalkyl, or Caacycloalkyl;

and

nisQ, 1,2, 3, ot 4,

wherein at least one hydrogen in the compound s the isotope deuterium (“H).

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein G' 15
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3. The compound claim 1 or 2, or a pharmacentically acceptable salt thereof, wherein R*

and R'" are independently hydrogen or Ciualkyl.

4. The compound of any of claims 1-3, or a pharmaceutically acceptable salt thereof]

wherein X! is NR.

5. The compound of any of claims 1-3, or a pharmaceutically acceptable salt thereof,

wherein X! is O.

6. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein G’ is
RT
RS ‘???;\
N N
o \7]//
NN

7. The compound of any of claims 1-4 or 6, or a pharmaceutically acceptable salt thereof,
wherein R° is hydrogen, Crealkyl, ~Crealkylene-RY, &, or ~Craalkylene-G’.
&g The compound of any of claims 1-4 or 6-7, or a pharmaceutically acceptable salt thereof,

wherein the Creallyl at R® is methyl or ethyl.

9. The compound of any of claims 1-4 or 6-8, or a pharmaceutically acceptable salf thereof,

wherein RY is ~OR™

10. The compound of any of claims 1-4 or 6-9, or a pharmaceutically acceptable salt thereof,

wherein R>* is Ci.salkyl.
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11 The compound of any of ¢claims 1-4 or 6-10, or a pharmaceutically acceptable salt
thereof, wherein (G’ is the optionally substituted 4- to 8-membered heterocyclyl containing 1-2

heteroatoms.

12. The compound of any of claims 1-4 or 6-10, or a pharmaceutically acceptable salt

thereof, wherein G is the optionally substituted Cascycloalkyl.

13. The compound of any of claims 1-12, or a pharmaceutically acceptable salt thereof,

wherein R® is hydrogen, Ci.salkyl, halogen, or Ci.scycloalkyl.

14, The compound of any of claims 1-13, or a pharmaceutically acceptable salt thereof,

wherein R’ is Cralkyl.

15 The compound of any of claims 1-14, or a pharmaceutically acceptable salt thereof,

whereinn is 0,

16 The compound of any of claims 1-14, or a pharmaceutically acceptable salt thereof,

wheretnn s 1.

17. The compound of any of claims 1-14 or 16, or a pharmaceutically acceptable salt thereof,

wherein R®, at each occurrence, is independently Ciaalkyl

18, The compound of any of claims 1-17, or a pharmacentically acceptable salt thereof,

wherein the compound of formula {I) is a compound of formula (Ja), (Ib), (Ic), (Id}, or (le}:

(R,

o

D (la),
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o (Ib),

(Id),

~

{Ie).

19, The compound of any of claims 1-18, or a pharmaceutically acceptable salt thereof,
wherein the compound of formula (I} is a compound of formula (Ja-1}, (Ib-1), (Te-1), (Ie-2), (1d-

1), or {Je-1}:
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S

g

D (ia-1),

l\c:x
0o

7]

(Ib-1),

N

[}

(Ie-1},

N o

3

g

D (IC_Z,)‘»

PCT/US2024/035078
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~

20. The compound of claim 1 selected from the group consisting oft
2-(4-{(2,3~dihydrobenzo[ 6} 1, 4]dioxin-6-y1-2,2,3,3-dyyoxy ypiperidin- L-y1-4~d)-3-methyl-

6,7-dihydro-SH-pyrrolo[3,4-lpyridin-S-one;

2-(4-{(2,3-dihydrobenzo[h}[1 4]dioxin-6-y1-2,2,3 3-dayoxyvipiperidin-1-y1-2,2.6,6-da)-3-

methyl-6,7-dihydro-SH-pyrrolo]3,4-b]pynidin-S-one;

2-{4-{(2,3-dihvdrobenzo[ ]| 1 4]dioxin-6-v1-2, 2 3 3-dyyoxy)piperidin-1-vyi}-3-methyl-6,7-
dihydro-5H-pyrrolol3,4-blpyridin-5-one;

2-({2R,48)-4-((2,3-dihydrobenzol 5] L 4]dioxin-6-y1-2.2,3,3-di)oxy)-2-methylpiperidin- 1 -
yh-3-methyl-6,7-dihydro-5H-pyrrolo[3,4-blpyridin-S-one;

2-(4-{(2,3-dihydrobenzo[ 4} 1,4]dioxin-6-v1-2, 2.3, 3-dyoxv)piperidin-1-y1}-3 6-dimethyl-

6,7-dihvdro-5H-pyrrolo[3,4-blpyridin-S-one;

G-eyclopropy -2-(4-((2,3-dihydrobenzo[ A1 1 4]dioxin-6-y1-2,2,3 3-dsjoxy piperidin-1-y1)-
3-methyl-6,7-dihydro-SH-pyrrolo{3,4-Alpyridin-S-one;

6-cyclopentyl-2-(4-{(2,3-dihydrobenzo[ 6} 1,4 ]dioxin-6-y1-2,2,3 3-dsyoxv)piperidin-1-yl}-
3-methyl-6.7-dihvdro-5H-pyrrolo]3,4-blpyridin-S-one;

2-{4-{{2,3-dihydrobenzo[b}i1,4]dioxin-6-y1-2,2 3 3-dayoxy ipiperidin-1-yi)-3-
methylfure[3,4-6]pyridin-5(7H)-one;

2-(4-{(2,3-dihydrobenzol 5} 1,4]dioxin-6-y1-2,2,3,3-djoxy )piperidin-1-y1}-3,7-
dimethyfuro{3,4-b]pyridin-5(7H})-one;

2-(4-{(2,3-dihydrobenzo[b}] 1 .41dioxin-6-yDoxy)piperidin-1 -yl-4-d)-3~-methyl-6,7-

dihydro-SH-pyrrolo]3,4-8]pyridin-5-one;

2-{4-{(2,3~dihydrobenzo[6}[ 1, 4]dioxin-G-yhoxy ipiperidin-1-y1-2,2,6,6~-da}-3-methyi-6,7-
dihydro-3H-pyrrolo{3,4-6lpyridin-S-one;

2-{4-{{2,3-dihydrobenzo[ b} 1,4]dioxin-6-y1-2,2,3 3~ yoxy jpipernidin-1-yi}-3,4,6-
trimethyl-6,7-dihydro-SH-pyrrolof3 4-6]pyridin-5-one;
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2-(4-((2.3-dihydrobenzol 4} 1,4]dioxin-6-v1-2,2 3,3 -di)oxy piperidin-1-y1}-3 4-dimethyl-
6,7-dihvdro-5H-pyrrolo]3 4-blpyridin-S-one;

7-(4-((2,3-dihydrobenzo[b}{1,41dioxin-6-y1-2,2, 3, 3-dsJoxy piperidin-1 -yl }-6-methyl-

[1,2 4}riazolol4,3-alpyrimidin-3(2H)-one;

T-(4-((2,3~dihydrobenzof &1 1 41dioxin-6-y1-2,2 3 3-diyoxy)piperidin-1-y1}-2-ethyl-6-
methyl-{1 2 4}triazolo[4, 3-alpyrimidin-3(2H}-one;

7-{4-({2,3-dihydrobenzo[h}[1,41dioxin-6-y1-2,2,3 3-da)oxyipiperidin-1 -y1}-2-(2-
methoxyethy}-6-methyl-[1.2 4Jtriazolo[4,3-apyrimidin-3{(2H}-one;

(Ry-7-(4-((2,3-dihydrobenzolA]] 1 4]dioxin-6-y1-2.2,3,3-ds}oxy}piperidin- 1 -y1}-6-methyl-

2-(tetrahydrofuran-3-yH-[ 1,2 dltriazolo[4,3-alpyrimidin-3{2H}-one;

{(8)-7-(4-((2,3-dihydrobenzo[ b][1,4]dioxin-6-y1-2,2,3,3-ds Joxy jpiperidin-1 -yl }-6-methyl-
2-(tetrahydrofuran-3-vH-[1,2 4]triazolof4,3-alpyrimidin-3(2H}-one;

7-{(4-((2,3-dihydrobenzof 511, 4idioxin-6-y1-2,2 3, 3-diyoxy)piperidin-1-yi}-2, 6-dimethyl-
[1,2,4}triazolol4,3-alpynimidin-3(2H}-one;

7-{(4-{{2,3-dihydrobenzof £} 1,4idioxin-6-y1-2,2,3,3-da)oxy jpiperidin-1 -y1}-2-(3~
methoxypropan-2-y}-6-methyl-{1,2 4trazolof4,3-a{pyrimidin-3(2H}-one;

7-(4-((2,3-dihydrobenzof 511, 4idioxin-6-y1-2,2,3,3-diyoxy)piperidin-1-y1}-6-methyl-2-

{{4-methylmorphohn-2-yDmethyl}-{1,2 4]iriazolol4, 3-alpyrimidin-3{25)-one;

7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-y1-2,2, 3 3-dsJoxy piperidin-1-y1}-5,6-dimethyl-

{1,2,4krazolo{4,3-alpyrimidin-3(2H }-one;

7-(4-({2,3-dihydrobenzof 51 1, 4idioxin-6-y1-2,2,3,3-dayoxy jpiperidin-1-yi}-2,5,6-

trimethyi-{1,2, 4]triazolof4,3-apyrimidin-3(2H}-one;

S-chloro-7-{4-{{2,3-dihvdrobenzof b} 1,4|dioxin-6-y1-2,2,3 3-dijoxy)piperidin-1-y1}-2,6~

dimethyl-[1,2 4ltriazolof4, 3-alpynmidin-3(2H}-one;
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5-cyclopropyl-7-(4-((2,3~-dihvdrobenzof 5]{1,4]dioxin-6-vI-2,2.3,3-duyoxy ypiperidin-1-yl)-
2.6-dimethyl-[1,2 4ltriazolo[4,3-alpyrimidin-3(2H)-one;

S-eyclopropyl-7-(4-((2,3-dihydrobenzof A} 1,4]dioxin-6-y1-2,2,3 3-dsjoxypiperidin-1-y1)-
G-methyl-2-(methyl-d:)-[1,2,41triazolo{4,3-alpyrimidin-3(2H}-one;

5-(4-((2.3-dihvdrobenzo[b]i 1,4 1dioxin-6-v1-2,2, 3, 3-dyoxy)piperidin-1-y1}-2-methyl-
2.6,7 8-tetrahydro-1H-cyclopentale}]1,2,4linazolo[4.3-alpyrinudin-1-one;

5-(4-{(2,3-dihydrobenzo[b}{1 41dioxin-6-y1-2,2 3, 3-ds}oxypiperidin-1-y1}-2-methyl-
6,78 9-tetrahydro-{1,2 4)iriazolol4,3-ajquinazolin-1{2H}-one;

5-(4-{(2.3-dthvdrobenzo[ i 1,4 dioxin-6-v1-2,2,3,3-dyoxy ypiperidin-1-y1}-2.6,7 8-
tetrahydre-1H-cyclopentale][1,2,4}trazolo[4,3-alpyrimidin-1-one;

5-{4-{{2,3-dihydrobenzof b1 1,4idioxin-6-y1-22 3 3-dsJoxypiperidin-1-y1}-6,7 8 9-
tetrahydro-[1,2 4jtriazolol4,3-a]qumazolin-1{2H)-one;

7-(4-{{2,3-dihydrobenzof 51 1, 41dioxin-6-y1-2,2 3,3 -dajoxy jpiperidin-1-yi}-5,6-dimethyl-
2-{methyl-dz}-[1,2,4}irtazolof4,3-a]pyrimidin-3(2H}-one;

or a pharmaceutically acceptable salt thereof

21 A compound of any of claims 1-20, or a pharmaceutically acceptable salt thereof, that has

at least 50% deuterium incorporation at each deuterium label.

22. A pharmaceutical composition comprising the compound of any of ¢laims 1-21 and a

pharmaceutically acceplable carrier.

23 A compound of any of claims 1-21, or a pharmaceutically acceptable salt thereof] or the
pharmaceutical composition of claim 22, for use in the treatment of a neurclogical and/or
psychiatric disorder, wherein the disorder is selected from Alzheimer's disease, schizophrenia, a

sleep disorder, a pain disorder, and a cognitive disorder.



