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POSITIVE ALLOSTERIC MODULATORS OF THE MUSCARINIC
ACETYLCHOLINE RECEPTOR M4

RELATED APPLICATIONS
{0001] This application claims priority to U.S. Provistonal Application No. 63/610,231, filed

December 14, 2023, which 1s hereby incorporated by reference i its entirety.

TECHNICAL FIELD
{0662} The present disclosure relates to compounds, compositions, and methods for treating
neurological and psychiatric disorders associated with muscarinic acetyicholine receptor

dysfunction,

BACKGROUND
{0663] Cholinergic neurotransmission mvolves the activation of mcotinic acetylcholine
receptors (nAChRSs} or the muscarinic acetylcholine receptors (mAChRs) by the binding of the
endogenous orthosteric agonist acetyicholing (ACh). Conditions associated with cognitive
impairment, such as Alzheimer’s disease, are accompanied by a reduction of acetylcholine
content in the brain. This is believed to be the result of degeneration of cholinergic neurons of
the basal forebrain, which widely innervate multiple areas of the bran, including the association
cortices and hippocampus, which are critically involved n higher processes. Clinical data
supports that cholinergic hypofunction contributes to the cognitive deficits of patients suffering
from schizophrema. Efforts to increase acetyicholine levels have focused on increasing levels of
choline, the precursor for acetylcholine synthesis, and on blocking acetylcholinesterase {AChE),
the enzyme that metabolizes acetylcholine. As a result, acetylcholinesterase {AChE) mhibitors,
which inhibit the hydrolysis of ACh, have been approved in the United States for use in the
palliative, but not disease-modifying, treatment of the cognitive deficits in AD patients.
[0004] Attempts to augment central cholinergic function through the adnurustration of
chohne or phosphatidylcholine have not been successtul. AChE inhibitors have shown
therapeutic efficacy, but have been found to have frequent cholinergic side effects due to
peripheral acetyicholine stumulation, including abdommal cramps, nausea, vomiting, and
diarrhea. These gastromntestinal side effects have been observed 1o about a third of the patients
treated. In addition, some AChE wnhibitors, such as tacring, have also been found to cause

signuficant hepatotoxicity with elevated liver transaminases observed 1n about 30% of patients,
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The adverse effects of AChE inhibitors have severely limited their clinical etility. An alternative
approach to pharmacologically target cholinergic hypofunction is the activation of mAChRs,
which are widely expressed throughout the body.

{0005] The mAChRSs are members of the family A G protein-coupled recepiors (GPCRs} and
include five subtypes, designated Mi-Ms. The My, Mz and Ms subtypes mainly couple to Gqand
activate phospholipase C, whereas the M and M subtypes mainly couple to Gis and associated
effector systems. These five distinct mAChHR subtypes have been identified in the mammalian
central nervous system where they are prevalent and differentially expressed. My-Ms have
varying roles in cogunitive, sensory, motor and auwtonomic functions. Thus, without wishing to be
bound by a particular theory, it is believed that selective agonists of mAChR subtypes that
regulate processes involved in cognitive function could prove to be superior therapeutics for
treatment of psychosis, schizophrenia and related disorders. The muscarinic M receptor has
been shown to have a major role in cognitive processing and is behieved to have a major role in
the pathophysiology of psychotic disorders, including schizophrenia.

{0086] Ewvidence suggests that the most prominent adverse effects of AChE wndubitors and
other cholinergic agents are mediated by activation of peripheral Mz and Mz mAChRs and
melude bradycardia, GI distress, excessive salivation, and sweating. In contrast, M has been
viewed as the most bikely subtype for mediating the effects of muscarinic acetyicholine receptor
dystunction n psychotic disorders, including schizophrema, cognition disorders, and neuropathic
pamn. Because of this, considerable effort has been focused on developing selective My agonisis
for treatment of these disorders. Unfortunately, these efforts have been largely unsuccessful
because of an inability to develop compounds that are highly selective for the mACHR M.
Because of this, mACHR agonists that have been tested 1 chinical studies mduce a range of
adverse effects by activation of peripheral mACHRs. To fully understand the physiological roles
of individual mAChR subtypes and to further explore the therapeutic utility of mAChR ligands
i psychosts, inchuding schizophrena, cognition disorders and other disorders, 1t can be
important (o develop compounds that are highly selective activators of mAChR My and other
mdividual mAChR subtypes.

{0007} Previcus 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
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site, it is believed that developing compounds that act at allosteric sites on mAChRs that are
removed from the orthosteric site and are less lighly conserved. This approach is proving to be
highly successful in developing selective ligands for multiple GPCR subtypes. In the case of
mAChRs, a major goal has been to develop allosteric higands that selectively increase activity of
mAChR Mq or other mAChR subtypes. Allosteric activators can include allosteric agomsts, that
act at a site removed from the orthosteric site to directly activate the recepior in the absence of
ACh as well as positive allosteric modulators {(PAMs), 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.
{0008] More recently, muscarinic agonists including xanomeline have been shown to be
active in ammal models with similar profies to known antipsychotic drugs, but without causing
catalepsy {(Bymaster ¢ al., Fur. 1. Pharmacol, 1998, 356, 109, Bymaster et al., Life Sci. 1999,
64, 527, Shannon ef al., J. Pharmacol. Exp. Ther. 1999, 290, 901; Shannon et al., Schizophvenia
Res. 2000, 42, 249). Further, xanomeline was shown to reduce psychotic behavioral symptoms
such as delusions, suspiciousness, vocal outbursts, and ballucinations in Alzheimer’s disease
patients (Bodick ef al., Arch. Newrol 1997, 54, 465), however treatruent induced side effects,
e.g., gastrointestinal effects, have severely humited the chinwcal utibity of this compound.
{8009 Despite advances 1o muscarmic acetyicholine receptor research, there 1s stilf 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
cholimergic activity and diseases i which the muscarinic Ms receptor 1s involved.

SUMMARY
{8010 In one aspect, disclosed are compounds of formula (1), or a pharmaceutically

acceptable salt thereof
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wherem:

Zlis Noor CRY

R! 15 hydrogen or methyl;

7215 CR or N

R? 15 methyl, chloro, diftuoromethyl, trifluoromethyl, or hvdrogen:

Z3is CR or N

R’ 15 methyl or hydrogen;

provided that no more than 1 of Z') 7% and Z° is N;

Z%is N or CR*,

R* is hydrogen or methyi;

R’ is hydrogen or methyl;

RY is hydrogen, Craalkyl, Ciofluoroalkyl, Csucyeloalkyl, or ~Cisalkylene-Caucycloalkyl,

R and R are independently hydrogen or methyl;

Cy is a 6-membered 1,4-heteroarylene or 1,4-phenylene, the hetercarylene containing 1-2
nitrogen atoms and Cy being unsubstituted or substituted with 1-4 substituents independently
selected from the group consisting of halogen, cvano, Ci.salkyl, Ciafluoroalkyl, Ca.
scyeloaikyl, OH, —OCsalkyl, and —OC; »fluorcalkyl;

R is Crsalkylene—X, —Ci.sfluorcalkylene—X, G', or &%

X is —OR® NERSYR®), -SR*, SO:R¥, NR¥PC(ORY®, NR*PC(OR, —-C{O)OR
~C{OINR¥YR™), G, or G&

R* is hydrogen, Cisalkyl, Crsfluoroalkyl, Cs.scycloalkyl, —Craalkylene—Cs.scycloalkyl, G, or

-

G
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R is hydrogen, Cr.aalkyl, Ciafluoroalkyl, Crscyeloalkyl, or ~Craalkylene-Cascycloalkyl;

R¥ is Crealkyl, Crsfluorcalkyl, Ciecyeloalkyl, ~Cisalkylene—Cswseyeloalkyl, GY or G%

G' is a 4-to 7-membered heterocyclyl containing 1-2 hetercatoms independently selected from
the group consisting of O, N, and §, and optionally substituted with a first substituent
selected from the group consisting of halogen, cvano, Craalkyl, Ciofluorcalkyl, Cs.
seycloalkyl, oxo, ~OR%, —N(R®),, -NRUC(OIR¥, ~C(OMNRY,, C{OIORY -SOR™, and
~C(OR™ and optionally further substituted with 1-3 substituents independently selected
from the group consisting of halogen, Craalkyl, and Ciofluorealkyl;

G is a Cs.scycloalkyl substituted with a first substituent selected from the group consisting of
oxo, —OR% —N(R¥™), -NRMC(OIRY, -C(OINER ), ~C(OIORY, —SO:R*, and —C{O)R™
and optionally further substituted with 1-3 substituents independently selected from the
group consisting of halogen, Cigalkyl, and Ciofluorcalkyl;

R¥ is hydrogen, Ci.aalkyl, Crofluoroalkyl, Caucyeloalkyl, or —Crisalkylene—Cracycloalkyl; and

R¥ is Craalkyl, Craofluoroalkyl, Csacyeloalkyl, or —Ci.aalkylene—Caacycloalkyl.

{0011} In another aspect, the invention provides a pharmaceutical composition comprising a

compound of formula (I}, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

[0612] Another aspect provides a method of treating a neurological and/or psychiatric

disorder associated with muscariue acetylcholine receptor dysfunction in a mamuoal, comprising

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

or pharmaceutically acceptable salt or composition thereof,

{0613] Another aspect provides a compound of formula (1), or a pharmaceuntically acceptable

salt or composttion thereof, for use 10 the treatment of a neurological and/or psychiatnie disorder

associated with muscarinic acetylchohne receptor dysfunction in a mammal.

{0614] Another aspect provides use of a compound of formala (I}, or a pharmaceutically

acceptable salt or composition thereof, for the preparation of 2 medicament for the treatment of a

neurological and/or psychiatric disorder associated with muscarinic acetyicholine receptor

dysfenction in a mammal.

{8015} In another aspect, the invention provides kits comprising a compound of formula (13,

or a pharmaceutically acceptable salt or composition thereof, and instructions for use.
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DETAILED DESCRIPTION
{0016} Prsclosed herein are positive allosteric modulators {(1.e. potentiators) of the
muscarinic acetyicholine receptor My {mAChR Ma), methods of making same, pharmaceutical
compositions comprising same, and methods of treating neurological and psychiatric disorders
associated with muscarinic acetyicholine receptor dysfunction using same. The compounds
mclude naphthyridine-substituted pyridazine compounds.
{0017} The human muscarinic acetylcholine receptor My (mAChR Mu) 18 a protein of 479
amino acids encoded by the CHRMu gene. The molecular weight of the unglycosvlated protein is
about 54 kDa and 1t 1s a transmembrane GPCR. As described above, the mAChR Msisa
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-ternunus oriented to the extracellular face of the membrane
and the C-terminus located on the cytoplasmic face.
{0018] Previcus 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
circurnvent problems associated with targeting the highly conserved orthosteric ACh binding
stte, 1t 1s believed that developing compounds that act at allosteric sites on e AChRs that are
removed from the orthosteric site and are less highly-conserved. Without wishing to be bound by
a particular theory, the disclosed compounds and products of the disclosed methods are believed

to bind to an allosteric site distinet from the orthosteric binding site

i. Definitions

[0019] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commounly understood by one of ordinary skill 1o the art. To case of contlict, the
present document, including definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or equuvalent to those described heremn
can be used mn practice or testing of the present invention. All publications, patent applications,
patents and other references mentioned herem are incorporated by reference m their entirety. The
matertals, methods, and examples disclosed heremn are illustrative only and not intended to be
hmiting.

13

{0020] The terms “comprise(s),” “mnclude(s},” “having,” “has,” “can,” “contamn(s),” and

variants thereof, as used herein, are miended 1o be open-ended transitional phrases, terms, or
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words that do not preclude the possihility of additional acts or structures. The singular forms “a,”
“an” and “the” include plural references unless the context clearly dictates otherwise. The

>

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

{0021} The modifier “about” used in connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context {for example, 1t includes at least the degree of
error associated with the measurement of the particular quantity). The modifier “about” should
also be considered as disclosing the range defined by the absolute values of the two endpoints.
For example, the expression “from about 2 to about 47 also discloses the range “from 2 t0 4”7
The term “about” may refer to plus or minus 10% of the indicated number. For example, “about
10%” may indicate a range of 9% to 11%, and “about 1" may mean from 0.9-1.1. Other
meanings of “about” may be apparent from the context, such as rounding off, so, for example
“about 17 may also mean from 0.5 t0 1 4.

{0022] Definttions of specific functional groups and chemical terms are described in more
detail below. For purposes of this disclosure, the chemical elements are identified n accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics, 751
Ed., mside cover, and specific functional groups are generally defined as described therein.
Additionally, general principles of organic chemistry, as well as specific functional moseties and
reactivity, are described mn Chrganic Chemistry, Thomas Sorrell, Untversity Science Books,
Sausalito, 1999, Smith and March March's Advanced Organic Chensistry, 5% Edition, John
Wiley & Sons, Inc., New York, 2001; Larock, Comprehensive Organic Transformations, VCH
Publishers, Inc., New York, 1989; Carruthers, Same Modern Methods of Organic Synthesis, 3
Edition, Cambridge University Press, Cambridge, 1987, the entire contents of each of which are
meorporated herein by reference.

{0623] The term “alkoxy,” as used herein, refers to an alkyl group, as defined herein,
appended to the parent molecular motety through an oxygen atom. Representative examples of
alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy and teri-
butoxy.

{0024} The term “alkyl)” as used herein, means a straight or branched, saturated hydrocarbon

chain. The term “lower alkvl” or “Crsalkvl” means a straicht or branched chain hydrocarbon
o o &
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containing from 1 to 6 carbon atoms. The term “Ci-salkyl” means a straight or branched chain
saturated hydrocarbon contamming from 1 1o 4 carbon atoms. Representative examples of alkyl
mclude, but are not imited to, methyl, ethyl, #-propyl, ise-propyl, s-butyl, sec-butyl, iso-butyl,
fers-butyl, n-pentyl) isopentyl, neopentyl, #-hexvl, 3-methvihexyl, 2 2-dimethylpentyi, 2,3~
dimethvipentyl, n-heptyl, n-octyl, #-nonyl, and n-decyl.

{0025] The term “alkenyl,” as used herein, means a straight or branched, hydrocarbon chain
containing at ieast one carbon-carbon double bond.

{0026] The term “alkoxyalkyl,” as used herein, refers to an alkoxy group, as defined herein,
appended to the parent molecular moiety through an alkyi group, as defined herein.

{0027} The term “alkoxyfluorcalkyl)” as used herein, refers to an alkoxy group, as defined
heremn, appended to the parent molecular moiety through a fluorcalkyl group, as defined herein.
{0028] The term “alkylene,” as used herein, refers to a divalent group derived from a straight
or branched saturated chain hydrocarbon, for example, of 1 to 6 carbon atoms. Representative
examples of alkylene include, but are not limiuted to, -CHo-, -CH2CHe-, -CH2CHCH:-,
~CHCH{CH)CHe-, ~-CHCHCHCHe-, -CHCH{CH)YCH2CH2-, and -CHoCH2CHCHCHe-,
[0629] The term “deuterioalkylene,” as used herein, means an alkylene group, as defined
herein, in which one or more hydrogen atoms in the alkylene are the isotope deuterium, 1.e., *H.
Representative exaraples of deuterioalkylene nclude -CDo-, ~-CHzCD2-~, and -CDCD:-,

{0030] The term “alkylamino,” as used herein, means at least one alkyl group, as defined
herein, 1s appended to the parent molecular moiety through an amino group, as defined heremn.
{0031} The term “amide,” as used herein, means ~-C{OINR- or -NRC((}}-, wherein R may be
hydrogen, alkyl, cycloallyl, aryl, hetercaryl, heterocycle, alkenvl, or heteroallyl

{0032] The term “aminoalkyl,” as used herein, means at least one amino group, as defined
herein, 18 appended to the parent molecular moiety through an alkylene group, as defined herein.
16033} The term “amino,” as used herein, means ~NR:Ry, wherein Ry and Ry may be
hydrogen, alkyl, cycloalkyl, aryl, hetercaryi, heterocyele, alkenyl, or heteroalkyl In the case of
an aminoalkyl group or any other motety where amino appends together two other moieties,
amino may be ~NR«—, wherein R may be hydrogen, alkyl cycloalkyl, aryl, heteroaryi,
heterocycle, alkenyl, or heteroalkyl.

{0034} The term “aryl” as used herein, refers to a phenyi or a pheny! appended to the parent

molecular motety and fused to a cycloatkane group (e.g., the arvl may be indan-4-vi), fusedtoa
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6-membered arene group {i.e., the arvl is naphthyl), or fused to a non-aromatic heterocycle (e.g.,
the aryl may be benzo[d}]1,3]dioxol-5-v1}. The term “phenyl” s used when referring to a
substituent and the term 6-membered arene is used when referring to a fused ring. The 6-
membered arene is monocyclic {e.g., benzene or benzo}. The aryl may be monocyclic (phenyl}
or bicyclic {e.g., a 9- to 12-membered fused bicyclic system).

{0035] The term “cvancalkyl” as used herein, means at least one -CN group, 1s appended to
the parent molecular moiety through an alkviene group, as defined herein.

{0036] The term “cvanofluorcalkyl” as used herein, means at least one -CN group, 18
appended to the parent molecular moiety through a fluorcalkyl group, as defined herein.

{0037} The term “cycloalkoxy,” as used herein, refers to a cycloalkyl group, as defined
herein, appended to the parent molecular moiety through an oxygen atom.

{6038] The term “cycloalky!” 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” 1s used herein to refer to a cycloalkane when present as a substituent. A cycloalkyl
may be a monocycelic cycloalkyl {e.g., eyvclopropyl), a fused bicychic cycloalkyl (e g,
decahydronaphihalenyl), or a bridged cycloalkyl 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., bicyclo]2.2. 1 Theptanyl).
Representative examples of cycloalkyl include, but are not himited to, cyclopropyl, eyclobutyl,
cyclopenty!, cyelohexyl, cyclobeptyl, eyclooctyl, cyclononyl, eyclodecyl, adarmantyl, and
bicyclof 1.1, 1ipentanyl.

{0639] The term “cycloalkenyi” or “cycloalkene,” as used herein, means a non-aromatic
monocyclic or multicychic ring system contaiming all carbon atoms as ring members and at least
one carbon-carbon double bond and preferably having from 5-10 carbon atoms per ring. The
term “cycloalkenyl” 15 used herein to refer to a cycloalkene when present as a substituent. A
cycloalkenyl may be a monocyclic cycloalkenyl (e.g., cyclopentenyl), a fused bieyclic
cycloalkenyl {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.,

bicyclo[2.2. 1Theptenyl). Exemplary monocyelic cycloalkenyl rings include cyclopentenyl,
cyclohexenyl or cycloheptenyl. Exemplary monocyclic cycloalkenyl rings include

cyclopentenyl, cyclohexenyl or cycloheptenyl
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{8040} The term “carbocvelyl” means a “cveloalkyl” or a “cveloalkenyl” The term
“carbocycle” means a “cycloalkane” or a “cycloalkene.” The term “carbocyelyl” refers to a
“carbocycle” when present as a substituent.

{6041} The term “tluoroalkyl,” as used herein, means an alkyl group, as defined herein, in
which one, two, three, four, five, six, seven or eight hvdrogen atoms are replaced by flucrine.
Representative examples of fluoroalkyi include, but are not limited to, 2-fluorcethyi, 2,22~
trifluoroethyl, trifluoromethyl, difluoromethyl, pentafluoroethyl, and triflucropropy! such as
3.3, 3-trifluoropropyl.

{0042} The term “fluoroalkvlene,” 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 limited to —CFy—,
—~CHCFr—, 1.2-diflucrcethylene, 11,2 2-tetrafluorcethylene, 1.3,3 3-tetrafluoropropylene,
1.1,2.3,3-pentafluoropropyiene, and perfluoropropylene such as 1,1,2,2.3, 3-hexafluoropropylene.
{0043] The term “fluorcalkoxy,” as used herein, means at least one fluorcalky! group, as
defined heren, is appended to the parent molecular moiety through an oxygen atom.
Representative examples of fluoroalkoxy include, but are not limited to, difluoromethoxy,
triftuoromethoxy and 2.2, 2-trifluoroethoxy.

{6044} The term “halogen” or “halo,” as used herein, means C1, Br, I, or F.

[0043] The term “haloalkyl,” as used herein, means an alkyl group, as defined heren, in
which one, two, three, four, five, six, seven or eight hvdrogen atoms are replaced by a halogen.
{0046} The term “haloalkoxy,” as used herein, means at least one haloalky! group, as defined
herein, 1s appended to the parent molecular motety through an oxygen atom.

{0047} The term “halocycloalkyl,” as used heremn, means a cycloalkyl group, as defined
herein, m which one or more hydrogen atoms are replaced by a halogen.

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

{0049} The term “heteroaryl” as used herein, refers to an aromatic monocyclic heteroatom-
containing ring {monocyclic heteroaryl) or a bicyclic ring system containing at least one

monocyclic heteroaromatic ring {bicyclic heteroaryl}. The term “heteroaryl” is used heren to
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refer to a heteroarene when present as a substituent. The monocyclic hetercaryl are five or six
membered rings contaming at least one hetercatom independently selected from the group
consisting of N, QO and S {e.g 1, 2, 3, or 4 heterocatoms independently selected from O, 8, and Nj.
The five membered aromatic monocylic rings have two double bonds and the six membered
aromatic monocyclic rings have three double bonds. The bicyclic hetercaryl s an 8- to 12-
membered ring system and includes a fused bicychic hetercaromatic ring system {1.e, 10x
electron system) such as a monocychic heteroaryl ring fused to a 6-membered arene {e.g.,
aquinolin-4-yl, indol-1-y1}, a monocyclic hetercaryl ring fused to a monocyehic heteroarene (e.g.,
naphthyridinyl}, and a phenyl fused to a monocychic hetercarene {e.g., quinohin-5-vi, mndol-4-yl}.
A bicyche hetercaryl/hetercarene group includes a 9-membered fused bicyclic heteroaromatic
ring system having four double bonds and at least one hetercatom contributing a lone electron
pair to a fully aromatic 10n electron system, such as ring systems with a nitrogen atom at the
ring junction {e.g., imidazopyridine} or a benzoxadiazolyl A bicyclic heteroaryl also mcludes a
fused bicyclic ring system composed of one heteroaromatic ring and one non~-aromatic ring such
as a monocychic heteroaryl ring fused to a monocyelic carboeychie ning (e.g., 6,7-dihydro-5H-
cyclopentalblpyridinyl}, or a monocychic hetercaryl ring fused to a monocyclic heterocycle (e.g.,
2, 3~dihydrofuro|3,2-blpynidinyl). The bicychic heteroaryl 13 attached to the parent molecular
moiety at an aromatic ning atom. Other representative examples of heteroary!l include, but are not
fimited to, mdolyl (e g., indol-1-v1, indol-2-vl, indol-4-y1}, pyridinyl (including pyridin-2-yi,
pyridin-3-yi, pyridin-4-v1}, pyrimidinyl, pyrazinyl, pyndazinyvl, pyrazolyi (e g, pyrazol-4-y1},
pyrrolyl, benzopyrazolyl, 1,2,3-triazolyl (e g, tnazol-4-v1}, 1,3 4-thiadiazolyl, 1,2 4-thiadiazolyl,

1,3, 4-oxadiazolyl, 1,2,4-oxadiazolyi, imidazolyl, thiazolyl {e.g

&0

thiazol-4-vi}, isothiazolyl,
thienyl, benzimidazolyl (e.g., benzimidazol-5-v1}, benzothiazolyl, benzoxazolvi,
benzoxadiazolyl, benzothienyl, benzofuranyl, isobenzofuranyl, furanvi, oxazolvl, isoxazolvi,
purinyl, isoindolyl, quinoxalinyl, indazolyl (e g, indazol-4-vi, indazol-5-y1}, quinazoliny, 1,2.4-

triazinyi, 1,3, S-triazinyl, 1soquinolinyl, quinolinyl, imidazof1,2-ajpyridinyl {e.g

&0

imidazof1,2-
alpyridin-6-y1}, naphthyridinyl, pyridoimidazolyl, thiazolo[ S 4-bjpyridin-2-vl, and thiazolof 3 4~
dipyrimidin-2-yi.

{0050] The term “heterocycle” 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 O, N, and S. 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 containg
zero, one or two double bonds and one, two, or three hetercatoms selected from the group
consisting of O, N, and 8. The seven- and eight-membered rings contains 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, azindinyl, diazepanyl, 1,3-dioxanyl, 1,3-dioxolanyl, 1,3-dithiolanyl, 1,3-
dithianyl, imidazolinyl, imidazohdinyl, isothiazolinyl, 1sothiazolidinyl, 1soxazolinvl,
isoxazolidinyl, morphohinyl, 2-oxo-3-piperidinyl, 2-oxoazepan-3-yl, oxadiazohinyl,
oxadiazohidinyl, oxazolinyl, oxazolidinyl, oxetanyl, oxepanyl, oxocanyl, piperazinyl, piperidinyi,
pyranyl, pyrazolinyl, pyrazohdinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl,
tetrahydropyranyl, tetrahydropynidinyl, tetrahydrothienyl, thiadiazobinyl, thiadiazolidinyl, 1,2-
thiaznanyl, 1,3-thiazinanyl, thiazolinyl, thiazolidinyl, thiomorpholinyl, 1,1~
dioxidothiomorphobioyl (thiomorpholine sulfone), thiopyranyl, and trithianyl The bieychic
heterocycle 15 a monocyclic heterocycle fused to a 6-membered arene, or a monocychic
heterocycle fused to a monocychic cycloalkane, or a monocyelic heterocyele fused to a
monoceyclic ¢ycloalkene, or a monocyclic heterceycele fused to a monocyclic heterocycle, or a
monocyclic heterocycle fused to 2 monocyclic hetercarene, or a spiro heterocyele group, or a
bridged monocychic heterocycle ring system 1o which two non-adjacent atoms of the ring are
hinked by an alkvlene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene bridge of two, three,
or four carbon atoms. The bicyche heterocyclvl 1s attached to the parent molecular motety at a
non-gromatic ring atom {e.g., 1ndolin-1-v1}. Representative examples of bicychc heterocyelyis
melude, but are not imited to, chroman-4-yl, 2,3-dihydrobenzofuran-2-vi, 2,3-
dihydrobenzothuen-2-yl, 1,2,3 4-tetrahydrosoquinolin-2-yl, 2-azaspiro{3 3lheptan-2-yl, 2-oxa-6-
azaspiro|3. 3theptan-6-y, azabicyclof2.2.1Theptyl (inchuding 2-azabicvelof2.2. 1 hept-2-y13,
azabicyclof3.1. Clhexanyl (including 3-azabicyclo[3.1.Othexan-3-vi}, 2,3-dihydro-1H4-indol-1-yi,
isoindolin-2-y1, octahydrocyclopentalcipyirolyl, octahydropyrrolopyridinyl,

tetrahydrotsoquinoliny, 7-oxabicyclo]2 2. 1theptanyl, hexahydro-2H-cyclopentalblfuranyl, 2-
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oxaspiro|3.3theptanyl, 3-oxaspirof 5. Sjundecanyl, 6-oxaspiro{2. Slectan-1-yi, and 3~
oxabicyclof3.1.0thexan-6-yi. Tricvelic heterocycles are exemplified by a bicyclic heterocycle
fused to a 6-membered arene, or a bicyclic heterocycle fused to a monocychic eycloalkane, or a
bicyelic heterocycle fused 0 a monocychic eycloalkene, or a bicyclic heterocycle fused to a
monocyclic heterocycle, or a bicychic heterocycle in which two non-adjacent atoms of the
bicyclic ring are linked by an alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene
bridge of two, three, or four carbon atoms. Examples of tricyclic heterocycles include, but are
not limited to, octahydro-2, 5-epoxypentalene, hexahydro-2H-2,5-methanocyclopental#lfuran,
hexahydro-15-1,4-methanocyclopentafc]furan, aza-adamantane (1-
azatricyclof3 3.1.13,71decane), and oxa-adamantane (2-oxatricyclof3.3.1.13,7]decane). The
monocyclic, bicyelic, and tricyclic heterocyclyls are connected to the parent molecular moiety at
a non-aromatic ring atom.
{0051} The term “1,4-phenylene” refers to the following divalent group that links two
A
portions of a molecule 1na 1,4 or para relationship: == :
{0052] The term “6-membered 1 4-hetercarylene” refers to a divalent 6-membered
heterarene that links two portions of a molecule ina 1,4 or para relationship on the heteroarene,
M
WS S
g, == , N .
{0053] The term “hydroxyl” or “hydroxy,” as used herein, means an -OH group.
{0054] The term “hydroxvalkyl” as used herein, means at least one -OH group, 18 appended
to the parent molecular motety through an alitylene group, as defined hereimn.
{0055} The term “hydroxyvfluorcalkyl” as used herein, means at least one -OH group, 18
appended to the parent molecular motety through a fluorcalkyl group, as defined herein.
{0056} Terms such as "alkylL" "cycloalkyl" "alkviene," etc. may be preceded by a
designation indicating the number of atoms present in the group in a particular instance (e.g.,
"Craalkyl" "Ciscycloalkyl,” "Ciaalkyvlene") These designations are used as generally
understood by those skilled in the art. For example, the representation "C" followed by a
subscripted number indicates the number of carbon atoms present in the group that follows.
Thus, "Csalky!l" i1s an alkyl group with three carbon atoms {i.e., n-propyl, 1sopropyl). Wherea

range is given, as in "C1.4," the members of the group that follows may have any number of
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carbon atoms falling within the recited range. A "Cisalkyl" for example, 15 an alky! group
having from 1 to 4 carbon atoms, however arranged (1.e., straight chain or branched}.

{0057} The terms "parent molecule" or "parent molecular moiety” refer to the entire portion
of a molecule to which a substituent is attached, 1.e., the remainder of the molecule.

{0058} The term “sulfonamide,” as used herein, means -S{0 RNR"- or -NR*S{(}-, wherein
R* may be hydrogen, alkyvl, cycloalkyl, aryl, hetercaryl, heterocycle, alkenyl, or heteroalkyl.
{0059} The term “substituents” refers to a group “substituted” on a group such as an alkyl,
alkenvl, alkynyl arvl, hetercaryl, cycloalkyl, heteroalkyl, or heterocycle group, at any atom of
that group. Any atom can be substituted.

{0060] The term “substituted” refers to a group that may be further substituted with one or
more non-hydrogen substituent groups. Substituent groups include, but are not limited to,
halogen, =0 {oxo}, =8 (thioxo}, cyano, nitro, fluoroalkyl, atkoxyfluorcalkyl, fluorcalkoxy, alkyl,
alkenyl, alkynyi, haloalkyl, haloalkoxy, heteroalkyl, cycloalkyl, cycloalkenvl, aryl, heteroaryl,
heterocycle, cycloalkylalkyl, heteroarylalkyl, arvialkyl, hydroxy, hydroxyalkyi, alkoxy,
alkoxyalkyl, alkylene, arvloxy, phenoxy, benzyloxy, anuno, alkylamino, acylamino, anmunoalkyl,
arylarino, sulfonviamine, sulfinylamino, sulfonyl, alkylsulfonyl, arvisulfonyl, aminosulfonyl,
sulfinyl, -COOH, ketone, amide, carbamate, and acyl. In some embodiments, a group 1s
optionally substituted. In some embodiments, a group 15 optionally substituted with 1, 2, 3, 4, or
5 substituents. In some embodiments, an aryl, hetercaryl, cycloalkyl, or heterocycle s optionally
substituted with 1, 2, 3, 4, or 5 substituents. In some embodiments, an aryl, heteroaryl,
cycloalkyl, or heterocycle may be independently unsubstituted or substituted with 1, 2, or 3
substifuents,

{8061} For compounds described heren, groups and substituents thereof may be selected in
accordance with permitted valence of the atoms and the subsiituents, such that the selections and
substitations result m a stable compound, e.g., which does not spontaneously undergo
transformation such as by rearrangement, cyclization, elimination, etc.

{0062} The term “allosteric site” as used herein refers to a ligand binding site that 1s
topographically distinct from the orthosteric binding site.

{0063] The term “modulator” as used herein refers {o a molecular entity {(e.g., but not limited

to, a ligand and a disclosed compound) that modulates the activity of the target receptor protein.
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{0064} 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 “hgand” encompasses allosteric modulators,
mhibitors, activators, agonists, antagonists, natural substrates and analogs of natural substrates.
{0065} The terms “natural ligand” and “endogencus higand” as used herein are used
mterchangeably, and refer to a naturally occurring ligand, found m nature, which binds to a
receptor.

{0066] 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 mAChR M receptor 15 the site that acetylcholine binds.

{0067} The term “mAChR Ms receptor positive allosteric modulator” as used herein refers to
any exogenously administered compound or agent that directly or indirectly augments the
activity of the mAChR Ma receptor in the presence or in the absence of acetylcholine, or another
agonist, in an antmal, in particular a mammal, for example a human. For example, a mAChR M
receptor positive allosteric modulator can increase the activity of the mAChR Ms receptor in a
cell in the presence of extraceliular acetyicholine. The cell can be Chinese hamster ovary (CHO-
K1) cells transfected with human mACHR M. The cell can be Chinese haroster ovary (CHO-K 1)
cells transfected with rat mAChR Ma receptor. The cell can be Chinese hamster ovary (CHO-K1)
cells transfected with a mammahian mACHR M. The term “mAChR Ma receptor positive
allosteric modulator” includes a compound that 15 a “mAChR Mu receptor allosteric potentiator”
or a “mAChR Mu receptor allosteric agomist,” as well as a compound that has mixed activity
comprising pharmacology of both an “mAChR My receptor allosteric potentiator” and an
“mAChR M receptor allosteric agomst” The term “mAChR Mu receptor positive allosteric
modulator also mncludes a compound that 15 a “mAChR Ms receptor aliosteric enhancer.”

{B068] The term “mAChR M receptor allosteric potentiator” as used herein refers to any
exogenously admuustered compound or agent that directly or indirectly augments the response
produced by the endogencus ligand (such as acetylcholine) when the endogencus ligand binds to
the orthosteric site of the mAChR My receptor in an animal, in particular a mammal, for example
a human. The mAChR My receptor allosteric potentiator binds to a site other than the orthosteric
site, that 1s, an allosteric site, and positively augments the response of the recepior to an agonist

or the endogenous ligand. In some embodiments, an allosteric potentiator does not induce
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desensitization of the receptor, activity of a compound as an mAChR My receptor allosteric
potentiator provides advantages over the use of a pure mAChR M receptor orthosteric agomnist.
Such advantages can include, for example, increased safety margin, higher tolerability,
diminished potential for abuse, and reduced toxicity.

{0069} The term “mAChR My receptor allosteric enhancer” as used herein refers to any
exogenously administered compound or agent that directly or indirectly augments the response
produced by the endogenous ligand (such as acetyichohine) in an animal, in particular a mammal,
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
mcereases the agonist efficacy. The mAChR M receptor allosteric enhancer binds to a site other
than the orthosteric site, that 1s, an allosteric site, and positively augments the response of the
recepior to an agonist or the endogenous ligand. An allosteric enhancer has no effect on the
receptor by itself and requires the presence of an agonist or the natural ligand to realize a
receptor effect.

{0670] The term “mAChR My receptor allosteric agonist” as used herein refers to any
exogenously administered compound or agent that directly activates the activity of the mAChR
Ma receptor i the absence of the endogenous ligand (such as acetylcholine) in an animal, n
particular a mammal, for example a human. The mAChR M receptor allosteric agonist binds to
a site that 1s distinct from the orthosteric acetylcholine site of the mACHR My receptor. Because
it does not require the presence of the endogenous ligand, activity of a compound as an mAChR
M receptor allosteric agonist provides advantages if cholinergic tone at a given synapse 15 low.
{0671} The term “mAChR Ma receptor neutral allosteric ligand” as used herein refers to any
exogenously adminstered compound or agent that binds to an allostenic site without affecting the
binding or function of agonists or the natural bgand at the orthosteric site mn an animal, i
particular a mammal, for example a human. However, a neutral allosteric higand can block the
action of other allosteric modulators that act via the same site.

{6072} For the recitation of numeric ranges herein, each intervening number there betwesn
with the same degree of precision is explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and 8 are contemplated m addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1, 6.2,63,64,65, 606,07, 68, 69, and 7.0 are explicitly contemplated.

{007 3] Abbreviations:
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AcOH s acetic acid

AIBN 15 2, 2'-azobis{Z-methvipropionitrile)

ag s agqueous

BINAP s 2,2 -us{diphenylphosphine)-1,1-binaphthyl

BMS is borane dimethyisulfide

Boc 1s fer-butoxycarbonyl

BOP is benzotriazole-1-yl-oxy-tris-{dimethylamino}-phosphonium hexathuorophosphate

BrettPhos 1s 2-{dicyclohexylphosphino)}3 6-dimethoxy-2' 4", 6"-trusopropyi-1,1'-biphenyl

BrettPhos Pd 33 s [(2-di-cyclohexylphosphing-3,6-dimethoxy-2' 4,6/~ trisopropyl-1,1'-
hiphenyl}-2-(2'-amino-1,1 -biphenyl}}palladium(l} methanesulfonate

~BuQOH 1s ferr-butanol

Celite® is diatomaceous earth

DBU s 1,8-diazabicyclof5 4. Olundec-7-ene

DCE is 1,2-dichloroethane

DCM 1s dichloromethane

DEA s diethylarmine

DMAP 15 4-dimethylanunopyrnidine

DMF 15 N N-dimethylformamde

DMP or Dess-Martin periodinane s 1,1, 1-tris{acetyloxy)-1, I -dithvdro-1,2-benzodoxol-3-(1 F)-
one

DIAD 1s dusopropy! azodicarboxylate

DIPEA or DIEA 1s dusopropylethylamine

DMSO 15 dimethyi sulfoxide

Dowtherm™ A 15 a eutectic mixture of 26.5% diphenyl + 73 5% diphenyl oxide

DiBAD 15 di-ter-butyl-azodicarboxylate

eq or eq. 15 equivalent{s)

FtOAc 15 ethyl acetate

(4,4"-dtbbpyINiCh is 4,4'-bis{ 1, 1-dimethylethyl}-2, 2'-bipyridine] nickel (1} dichloride

FtOH 15 ethanol

h or hr 13 hour{s}

HATU 1s hexafluorophosphate azabenzotriazole tetramethyl uronium
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Hex 13 hexane{s}

IPA 1s isopropyl alcohol

KOAc 18 potassium acetate

LAH 15 lithium aluminum hydride

Lawesson’s Reagent is 2. 4-Bis{d-methoxyphenyl}-2.4-dithioxo-1,3, 2. 4-dithiadiphosphetane

mCPBA is meta-chloroperoxy benzoic acid

MeCN or ACN 1s acetonitrile

MeOH 1s methanol

min is minute(s)

mw or MW is microwave irradiation

NaQAc 15 sodium acetate

NaOMe is sodium methoxide

NBS 15 N-bromosuccinimide

NCS 1s N-chlorosuccimmide

NMO 15 4~-methyimorpholine N-oxide

NMP 15 N-methyl-2-pyrrolidone

[Pd{ally {tBuBrettPhos)JOTE 15 trifluoromethanesulfonate allvl{{2-Di-tert-butylphosphine-3,6-
dimethoxy-2' 4" 6-trisopropyl-1,1-bipheny-2-(2-amino-1, U-biphenyl}] palladiunIl)

Pdadbas 18 tris{dibenzylideneacetonedipalladiom{0}

Pd{dpphyClz 1s [1,V-bis{diphenylphosphmoiferrocene}dichloropalladium(ii}

Pd(CAc)k 1s paliadium{if)acetate

Pd{PPhala 1s tetrakis(tniphenyiphosphineypalladium{®)

PPA 15 polyphosphoric acid

PPhs 1s triphenylphosphine

PPTS 15 pyridinium p-toluenesulfonate

rt is room temperature

sat. 1s saturated

sec is second(s}

SCX cartridge or HF SCX cartridge is a strong cation exchanger cartridge (1.¢. Agilent part#
14256027}

SFC 1s supercritical fluid chromatography
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TBAC or TBAC 15 tetrabutviammonium chloride

TBDMS 1s tert-butyldimethylsilyl

~BuXPhos 15 2-di-fert-butylphosphine-2" 4" 6'-triisopropyibiphenyl
TEA or BN 15 tnethylamine

TFA 1s triftuorcacetic acid

THF 15 tetrahydrofuran

TMB s trimethylboroxine

Tos(1 1s para-toluenesulfonyl chloride

tosyl is para-toluenesulfonyl

Xantphos s 4,5-Bis{diphenylphosphino}-2 9-dimethvixanthene

2. Compounds

{0674]  In one aspect, the invention provides compounds of formula (1), wherein 7!, 7%, 77,
24 RS, R® R™ R Cy, and RY are as defined herein.

{B075] Unsubstituted or substituted rings {1.e., optionally substituted) such as aryl,
heteroaryl, etc. are composed of both a ring system and the ring system's optional substituents.
Accordingly, the ring system may be defined independently of its substituents, such that
redefining only the ring system leaves any previous optional substituents present. For example, a
S-to 12-membered heteroaryl with optional substituents may be further defined by specifying
the ring system of the 5- to 12-membered heteroaryl 15 a 5- to 6-membered heteroaryl (ie, 5- 10
t-membered heteroary] ring system), in which case the optional substituents of the 5- to 12-
membered heteroaryl are still present on the 5- to 6~-membered hetercaryl, unless otherwise
expressly indicated,

[8076] Where heterocyclic and hetercaromatic ring systerns are defined 1o "contain” or as
"contatung” specified heteroators (e.g., 1-3 heteroatoms independently selected from the group
consisting of O, N, and 8}, any ring atoms of the heterocychic and heteroaromatic ring systems
that are not one of the specified heteroatoms are carbon atoms.

{88771  In the following, numbered embodiments of the mvention are disclosed. The first
embodiment 1s denoted E1, subsequent embodiments are denoted E2, E3, E4, E5, Ho, E6.1, and
sg forth.

{8078} El A compound of formula {(I), or a pharmaceutically acceptable salt thereof,
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R?a
R?’b

Cy
OR®

O

wherem:

Zlis Noor CRY

R! 15 hydrogen or methyl;

7215 CR or N

R? 15 methyl, chloro, diftuoromethyl, trifluoromethyl, or hvdrogen:

Z3is CR or N

R’ 15 methyl or hydrogen;

provided that no more than 1 of Z') 7% and Z° is N;

Z%is N or CR*,

R* is hydrogen or methyi;

R’ is hydrogen or methyl;

RY is hydrogen, Craalkyl, Ciofluoroalkyl, Csucyeloalkyl, or ~Cisalkylene-Caucycloalkyl,

R and R are independently hydrogen or methyl;

Cy is a 6-membered 1,4-heteroarylene or 1,4-phenylene, the hetercarylene containing 1-2
nitrogen atoms and Cy being unsubstituted or substituted with 1-4 substituents independently
selected from the group consisting of halogen, cvano, Ci.salkyl, Ciafluoroalkyl, Ca.
scyeloaikyl, OH, —OCsalkyl, and —OC; »fluorcalkyl;

R is Crsalkylene—X, —Ci.sfluorcalkylene—X, G', or &%

X is —OR® NERSYR®), -SR*, SO:R¥, NR¥PC(ORY®, NR*PC(OR, —-C{O)OR
~C{OINR¥YR™), G, or G&

R* is hydrogen, Cisalkyl, Crsfluoroalkyl, Cs.scycloalkyl, —Craalkylene—Cs.scycloalkyl, G, or

-

G
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R is hydrogen, Cr.aalkyl, Ciafluoroalkyl, Crscyeloalkyl, or ~Craalkylene-Cascycloalkyl;

R¥ is Crealkyl, Crsfluorcalkyl, Ciecyeloalkyl, ~Cisalkylene—Cswseyeloalkyl, GY or G%

G' is a 4-to 7-membered heterocyclyl containing 1-2 hetercatoms independently selected from
the group consisting of O, N, and §, and optionally substituted with a first substituent
selected from the group consisting of halogen, cvano, Craalkyl, Ciofluorealkyl, Cs.
seycloalkyl, oxo, ~OR%, —N(R®),, -NRUC(OIR¥, ~C(OMNRY,, C{OIORY -SOR™, and
~C(OR™ and optionally further substituted with 1-3 substituents independently selected
from the group consisting of halogen, Craalkyl, and Ciofluorealkyl;

G is a Cs.scycloalkyl substituted with a first substituent selected from the group consisting of
oxo, —OR% —N(R¥™), -NRMC(OIRY, -C(OINER ), ~C(OIORY, —SO:R*, and —C{O)R™
and optionally further substituted with 1-3 substituents independently selected from the
group consisting of halogen, Cigalkyl, and Ciofluorcalkyl;

R¥ is hydrogen, Ci.aalkyl, Crofluoroalkyl, Caucyeloalkyl, or —Crisalkylene—Cracycloalkyl; and

R¥ is Craalkyl, Craofluoroalkyl, Csacyeloalkyl, or —Ci.aalkylene—Caacycloalkyl.

{0679] E2. The compound of E1, or a pharmaceutically acceptable salt thereof, wherein

Cy 15 the unsubstituted or substituted 6-membered 1,4-heteroarylene.

{0080] E3. The compound of E1 or E2, or a pharmaceutically acceptable salt thereof,

wherein the ring system of the unsubstituted or substituted 6-membered 1,4-heteroarylene at Cy

i3 pynidylene (1e., Cy 15 unsubstituted or substituted pyridyvlene).

{0081} E4. The compound of any of E1-E3, or a pharmaceutically acceptable salt

thereof, wherein Cy 15 unsubstituted.

{0082] ES. The compound of E4, or a pharmaceutically acceptable salt thereof, wherein

N

s

~Cy-OR® is OR?,

{0083] Eo6. The compound of any of E1-E3, or a pharmaceutically acceptable salt
thereof, wherein R® is ~Crealkylene-—X.

{0084] E6.l.  The compound of any of EI-E6, or a pharmaceutically acceptable salt

thereof, wherein the ~Cisalkylene-X at R® is ~Crualkylene-X.
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{00385} E6.2.  The compound of any of E1-E6.1, or a pharmaceutically acceptable salt
thereof, wherein the ~Crealkylene-X at R? is ~CH2CH2- X, ~CH2CH(CHa X, ~CH{CH:)CHx-
X, or ~CH2O{CH: - X

{0086} E6.3.  The compound of E6.2, or a pharmaceutically acceptable salt thereof,

%"}»x

wherein the —Ciealkylene-X at R% is .

{0087} E6.4.  The compound of E6.2, or a pharmaceutically acceptable salt thereof,
TN X

wherein the ~Cisalkylene-X at R® is =

{0088] E6.5.  The compound of any of E1-E6 4, or a pharmaceutically acceptable salt

thereof, wherein any alkylene in R® is deuterioalkylene.

{0089] E6.6. The compound of any of E1-E6.2 or E6.S, or a pharmaceutically acceptable

salt thereof, wherein the —Ci.salkylene—X at R® is -CDCDo-X.

{0090} E7. The compound of any of E1-E6.6, or a pharmaceutically acceptable salt

thereof, wherein X is ~OR™ or ~C{O)OR®

{0091} HE7.1. The compound of E7, or a pharmaceutically acceptable salt thereof, wherein

X is ~OR™

[0692] E7.2. The compound of E7, or a pharmaceutically acceptable salt thereof, wherein

X is ~C(O}OR®*

[0693] ESB. The compound of any of E1-E7.2, or a pharmaceutically acceptable salt

thereof, wherein R® is hydrogen, Ci.salkyl, or Cascycloalkyl

[0694] E8.1  The compound of E8, or a pharmaceutically acceptable salt thereof, wherein

R* is hydrogen.

[0695] E82  The compound of B8, or a pharmaceutically acceptable salt thereof, wherein

R¥ is Crealkyl.

{0696] E8.3. The compound of any of E1-ER or EB.2, or a pharmaceutically acceptable

salt thergof, wherein the Crsalkyl at R® is methyl, ethyl, isopropyl, or tert-butyl.

{0697} E8.4  The compound of any of E1-E8 or EB.2-ER3, or a pharmaceutically

acceptable salt thereof, wherein the Crsallyl at R 15 methyl.

{0698] B85 The compound of any of E1-E8 or EB.2-ER 4, or a pharmaceutically

acceptable salt thereof, wherein the Cisalioyl at R* 1s CDa.
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{0099} ER.6.  The compound of E&, or a pharmaceutically acceptable salt thereot, wherein
R* is (secycloalkyl.
{00188} ERB.7.  The compound of any of E1-ES or EB 2-E8.6, or a pharmaceutically
acceptable salt thereof, wherein the Ciscycloalkyl at R is cyclopentyl.
{00181} EO The compound of any of E1-E6.4, or a pharmaceutically acceptable salt
thereof, wherein X is G.
{80162} EI10. The compound of any of E1-E6.4 or E9, or a pharmaceutically acceptable
salt thereof, wherein the ring system of the optionally substituted 4-to 7-membered heterocyclyl
at G' is a S-membered heterocyclyl containing 1-2 heteroatoms independently selected from the
eroup consisting of O, N, and S.
{00163} E11L The compound of any of E1-E6 or E9-E10, or a pharmaceutically acceptable
salt thereof, wherein G' is substituted with 1 oxo.
[00104] E12. The compound of any of E1-E6 4 or E9-E11, or a pharmaceutically

é{“i\i
acceptable salt thereof, wherein G is O):(}(
[00165] EI13. The compound of any of E1-E12, or a pharmaceutically acceptable salt
thereof, wherein Z! is N
[00166] El14. The compound of any of E1-E12, or a pharmaceutically acceptable salt
thereof, wherein Z! is CRY
[00167] El14.1  The compound of any of E1-E12 or E14, or a pharmaceutically acceptable
salt thereof, wherein R* 1s hydrogen.
{00108} E142  The compound of any of E1-E12 or E14, or a pharmaceutically acceptable
salt thereof, wherein R* is methyl.
{00189} EI1s5. The compound of any of E1-E14.2, or a pharmaceutically acceptable salt
thereof, wherein 7% is CR?.
{00118} El6. The compound of any of E1-E15, or a pharmaceutically acceptable salt
thereof, wherein R* is methyl or chloro.
{00111} E16.1.  The compound of E16, or a pharmaceutically acceptable salt thereof,
wherein R? is methyl.
[00112] E162 The compound of E16, or a pharmaceutically acceptable salt thereof,

wherein R? is chloro.
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{80113} E17. The compound of any of E1-E12 or E14-E14.2, or a pharmaceutically
acceptable salt thereof, wherein Z° is N,
{00114] EIB. The compound of any of E1-E17, or a pharmaceutically acceptable salt
thereof, wherein 77 is CRY.
{00115} EI19. The compound of any of E1-E18, or a pharmaceutically acceptable salt
thereof, wherein R is methyl.
{00116} E20. The compound of any of E1-E19, or a pharmaceutically acceptable salt
thereof, wherein Z* is N.
{00117}  E21 The compound of any of E1-E19, or a pharmaceutically acceptable salt
thereof, wherein Z* 1s CR*.
{00118} E22 The compound of any of E1-E19 or E21, or a pharmaceuticaily acceptable
salt thereof, wherein R* is hydrogen.
{00119} E23. The compound of any of E1-E22, or a pharmaceutically acceptable salt
thereof, wherein R° is hydrogen.
{00128 EH24 The compound of any of E1-E23, or a pharmaceutically acceptable salt
thereof, wherein R® is hydrogen.
{80121} EH25 The compound of any of E1-E24, or a pharmaceutically acceptable salt
thereof, wherein R™ and R™ are hydrogen.
[00122] E253 1. The compound of any of E1-E25, or a pharmaceutically acceptable salt
thereof, wherein R and R™ are deuterium (1.¢, the hydrogens at R7® and R”® are the isotope
deuaterium}.
[00123] E26. The compound of E1 selected from the group consisting of’
N-({6-(2~-methoxyethoxy jpyridin-3-vimethyl)-3,4-
dimethylpyrimdo]4',5"4, 5 lthieno| 2, 3~-clpyridazin-8-amine;
3-(2-({5-{((3,4-dimethylpyrimidof4',5" 4, Stthienc{2,3-clpyridazin-8-
vhaminoymethypyridin-2-yhoxy Jethy hoxazolidin-2-one;
N-{({6-(2-methoxypropoxy jpyridin-3-ymethy1}-3 4-
dimethvlpyrimudo{4', 5”4, Slthieno{2 3-c]pyridazin-8-amine;
N-{{6-{{(1 -methoxypropan-2-yhoxy pyridin-3-ylmethyi}-3,4-

dimethylpyrimido{4’, 5”4, Stthieno[ 2, 3-c]pvridazin-8-aming;
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N-{{6-(2-1sopropoxyethoxy)pyridin-3-ylimethyl}-3, 4~
dimethylpyrimido{4’ 5.4 5ithienof2,3-c]pyridazin-8-amine;

N-{({6-(2-(tert-butoxy Jethoxy)pyridin-3-ylimethyi}-3 4-
dimethylpyrimido{4', 54, 5lthieno[2,3-c]pyridazin-8-amine;

N-{{6-(2~{cyclopentyioxy)ethoxypyridin-3-yhmethy}-3 4~
dimethylpyrumido]4',5"4, S fthieno[ 2, 3~¢c]pyridazin-8-amine;

2-{{5-{{(3 4-dimethyipyrimido[4',5" 4,5 thieno{2,3-c]pyridazin-8-
vhaminoymethyDpyndin-2-vioxyJethan-1-ol;

N-({6-(2-methoxyethoxy ypyridin-3-vimethyl}-3 4-dimethylpyridof4',3"4, S jthienc{2,3-
clpyrnidazin-%-amine;

1-{{(5-({(3.4-dimethylpyrinudof4',5" 4, Sithieno{2, 3-clpyridazin-§-
vhaminoymethyljpyridin-2-yhoxy)-2-methylpropan-2-ol;

N-{{o~{2~{methoxy~-d3)ethoxypyridin-3-yhmethyi)-3,4-
dimethylpyrimido{4’, 5”4, Slthieno[2,3-clpyridazin-8-aming;

N-{{6-(2~{methoxy-d: Jethoxypyridm-3-ylimethyi-d2)-3 4-
dimethylpyrimido]4’, 5".4, Sithieno[2,3-clpyridazin-8-aming;

8-chloro-N-{{6-(2-methoxyethoxy jpyridin-3-ymethyi}-7,9-
dimethylpyride[3',2":4,5Jthieno{ 3, 2-d{pyrimidin-4-amine;

§-chioro-N-{{6-(2-methoxyethoxy)pyridin-3-ylimethyl}-9-
methylpyridof{3',2"4, 5lthieno[3,2-dipyrimidin-4-amine;

N-{{6-(Z-methoxyethoxypvridin-3-ylymethyl)-7,9-dimethylthuenof2,3-d.4,5-
ddipynmudm-4-amine;

N-{{6-(Z-methoxyethoxypyridin-3-ylmethyl -2, 4-dimethylthienof2,3-5.5,4-
cdipyridin-B-amine;

N-{{6-(2-methoxyethoxypyridin-3-ylimethyi}-2 4-dimethylpyrido{4’, 3" 4, 5 thieno{2,3~
dlpyrimidin-8-amine;

N-{{6-(2-methoxyethoxypyridin-3-ylimethy1}-7 S-dimethylpyrido{3'.2" 4, 5 thieno[3,2-
dlpyrimidin-4-amine;

(8)-N-({6-(2-methoxypropoxy Jpyridin-3-yDmethy1)-3 .4~

dimethylpyrimido{4’, 5”4, Slthieno[2,3-clpyridazin-8-aming;



WO 2025/129082 PCT/US2024/060145

(R}-N-({6-(2-methoxypropoxy jpyridin-3-ymethyi}-3,4-
dimethylpyrimido{4’ 5.4 5ithieno{Z,3-c]pyridazin-8-amine;
N-{{6-(2-{methoxy-dsjethoxy-1,1,2, 2-daypyridin-3-yimethvi)-3,4-
dimethylpyrimido[4',5" 4, Sjthieno|2,3-c]pyridazin-8-amine;
N-{{6-{2-methoxyethoxy-1,1,2 2-daypyndin-3-ymethy1}-3,4-
dimethylpyrumudo[d', 5" 4, Slthieno[2,3-¢jpyridazin-8-amine;
2-{{5-{{(3 4-dimethyipyrimidof4',5"4,5|thieno{ 2 3-c]pynidazin-8-
vhammoeymethyDpyndin-2-yhoxyJacetic acid;
or a pharmaceutically acceptable salt thereof.
{00124] E26.1.  The compound of any of E1-E26, or a pharmaceutically acceptable salt
thereof, in a form wherein any hvdrogen atom in the compound not specified as deuterium
represents hydrogen at its natural level of isotopic abundance.
{86128  E27. A pharmaceutical composition comprising the compound of any of Ei-
E26.1, or a pharmaceutically acceptable salt thereof, and a pharmaceutically accepiable carrier.
{86126] E2& A method for treating a neurological and/or psychiatric disorder associated
with muscarinic acetylcholine receptor dystunction in a mammal, comprising administering to
the mammal a therapeutically effective amount of the compound of any of E1-E26.1, or
pharmaceutically acceptable salt thereof, or the pharmaceutical composition of E27.
{00127 E29 The method of E28, wherein the disorder 15 associated with a mAChR Mg
dysfunction.
{06128] E30. The method of E28 or E29, wherein the disorder 1s a neurological and/or
psychiatric disorder associated with mAChR Ms dysfunction.
{06129 HE3L The method of any of E28-E30, wherein the disorder is selected from the
group consisting of Alzheimer's disease, schuzophrenia, a sleep disorder, a pain disorder, and a
coguitive disorder,
[08130] H32 The method of E31, wherewmn the disorder 1s Alzheimer's disease.
{06131}  EH33. The method of any of E28-E30, wherein the disorder is selected from the
group 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

paychotic disorders, acute mama, depression associated with bipolar disorder, mood disorders
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associated with schizophrenia, behavioral 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, dementias, and
memory disorders.

{86132 E34 A kit comprising the compound of any of E1-E26.1, or a pharmaceutically
acceptable salt thereof, and one or more of: (a) at least one agent known {o increase mAChR My
activity; {b} at least one agent known to decrease mAChR Ms activity; (¢} at least one agent
known to treat a disorder associated with cholinergic activity; {d) mstructions for treating a
disorder associated with cholinergic activity; (e} instructions for treating a disorder associated
with mAChR M receptor activity; and (f) instructions for adnunistering the compound
connection with cognitive or behavioral therapy.

{00133} B35 The compound of any of E1-E26 1, or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of E27, for use in the treatment of a neurological
and/or psychiattic disorder associated with muscarinic acetvicholine receptor dysfunction na
manunal

[80134] H3o The use of the compound of any of E1-E26.1, or a pharmaceutically
acceptable salt thereof, or the pharmaceutical composition of E27 for the preparation of a
medicament for the treatment of a newrological and/or psychiatric disorder associated with
muscarinie acetylcholine receptor dysfunction in a mammal.

{80133] The compound may exist as a stereoisomer wherein asymmetric or chiral centers are
present. The steresisomer is “R” or “87 depending on the configuration of sebstituents around
the chiral carbon atom. The terms “/7 and “3” used herein are configurations as defined in
TUPAC 1974 Recommendations for Section E, Fundamental Stereochemustry, in Pure Appl.
Chem., 1976, 45: 13-30. The disclosure contemplates various steresisomers and muxtures thereof
and these are specifically included within the scope of this mvention. Steresisomers include
enantiomers and diastereomers, and mixtures of enantiomers or diastereomers. Individual
sterecisomers of the compounds may be prepared synthetically from commercially available
starting materials, which contain asymmetric or chiral centers or by preparation of racemic
nixtures followed by methods of resolution well-known to those of ardinary skill in the art.

These methods of resolution are exemplified by (1} attachment of a mixture of enantiomers to a
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chural 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 1n Furniss, Hannaford, Smith, and Tatchell, “Vogel's Textbook of Practical Organic
Chemistry,” Sth 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.

{00136] It shouid be understood that the compound may possess tautomeric forms, as well as
geometric isomers, and that these also constitute embodiments of the disclosure.

{00137}  Inthe compounds of formula (I}, and any subformulas, any "hydrogen" or "H,"
whether explicitly recited or implicit in the structure, encompasses hydrogen isotopes 'H
{protium} and “H (deuterium). Accordingly, any group comprising one or more hydrogen atoms

encompasses corresponding deutertum-labeled versions of the group. For example, “—CHx—"

) X
encompasses “—CD—""; EnCoMpasses D ete.

{00138} The present disclosure also includes an 1sotopically-labeled compound, which is
identical to those recited i formula (1), but for the fact that one or more atoms are specified as an
atom having an atomic mass or mass number different from the atomic mass or mass number
usually found m nature. Examples of sotopes suitable for inclusion n the compounds of the
imvention are hydrogen, carbon, mitrogen, oxyvgen, phosphorus, sulfur, fluorine, and chlorine,
such as, but not limited to 2H, “H, VYC, ¥C, PN, 1830, 170, 1P, 2P, S, BF, and *°C1, respectively.
{80139 Deutenium-labeled compounds disclosed herein may possess certain therapeutic
advantages compared 1o non-labeled analogs, as a result of greater metabolic stability. For
example, the disclosed compounds may possess improved pharmacokmetics properties such as
mereased in vivo half-life, reduced clearance rate, and/or increased bioavailability compared to
non-labeled analogs. The mproved pharmacokinetic properties may allow for reduced dosage
requirements and/or less frequent dosing to achieve or mamtain a therapeutic effect.

{00146] The compound may icorporate positron-emitting 1sotopes for medical imaging and
postiron-emmtting tomography (PET) studies for determining the distribution of receptors.
Suitable posiiron-emitting isotopes that can be incorporated in compounds of formula (1) are 1'C,

PN, B0, and ¥F.
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{00141} Isotopically-enriched forms of compounds of formula (I}, or any subformulas, may
generally be prepared by conventional technigues known to those skilled in the art or by
processes analogous to those described in the accompanying Examples 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 1sotope at an
isotopically-fabeled atom {e.g., % deutertum incorporation at a deuterium label).

a. Pharmaceutically Acceptable Salts
{06142} The disclosed compounds may exist as pharmaceutically acceptable salts. The term
“rharmaceutically acceptable salt” refers to salts or zwitterions of the compounds which are
water or oul-soluble or dispersible, suitable for treatment of disorders without undue toxicity,
uritation, and allergic response, commensurate with a reasonable benefit/risk ratio and effective
for their intended use The salis may be prepared during the final 1solation and purification of the
compounds or separately by reacting an amino group of the compounds with a suitable acid. For
example, a compound may be dissolved in a suitable solvent, such as but not limited to methanol
and water and treated with at least one equivalent of an acid, like hydrochloric acid. The
resulting salt may precipitate out and be solated by filiration and dried under reduced pressure.
Alternatively, the solvent and excess acid may be removed under reduced pressure to provide a
salt. Representative salts include acetate, adipate, alginate, citrate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, formate, isethionate, fumarate, lactate,
maleate, methanesulfonate, naphthyvlenesulfonate, nicotinate, oxalate, pamoate, pectinate,
persulfate, 3-phenyipropionate, picrate, oxalate, maleate, pivalate, propionate, succinate, tartrate,
irichloroacetate, trifluoroacetate, glutamate, para-toluenesulfonate, undecanoate, hydrochloric,
hydrobromic, sulfuric, phosphoric and the like. The amino groups of the compounds may also be
quaternized with alky! chlonides, bromides and 1odides such as methyl, ethyl, propyl, 1sopropyl,
butyl, lauryl, myristyl, stearyl and the like.
{86143} Basic addition salts may be prepared during the final isolation and purification of the
disclosed compounds by reaction of a carboxy! group with a suitable base such as the hydroxide,
carbonate, or bicarbonate of a metal cation such as hithium, sodium, potassium, calcium,
magnesium, or aluminum, or an organic primary, secondary, of tertiary amine. Quaternary amine

salts can be prepared, such as those derived from methylamine, dimethylanine, trimethylamine,
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triethylamine, diethylamine, ethylamine, tnibutylamine, pyridine, N N-dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexvianmine, procaine, dibenzylamine, N N-
dibenzylphenethylamine, 1-ephenanmine and N NV -dibenzylethyienediamine, ethylenediamine,
ethanolamine, diethanolamine, piperidine, piperazine, and the like.

b. General Synthesis
{86144} Compounds of formula (I} 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 {7n vive) or processes occurring i vidro.
{00148} Compounds of formula (I) may be synthesized as shown in Schemes 1-4.

Scheme 1

2
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{80146]  As shown m Scheme 1, reaction of a compound 1 and ethyl thioglycolate may provide
a compound . Reaction of compound 1 with amidine acetate ii may provide compound iy, and
reaction with phosphorus oxychloride provides compound v. Coupling of compound v with an
appropriate amine compound vi provides a compound vii, which corresponds to a compound of

formula (I}, where R'® is ~C(R7*}R™-Cy-OR".
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Scheme 2
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[00147]  As shown in Scheme 2, reaction of 3 compound # with a base followed by coupling
of ammonium chlonde with a coupling agent such as HATU may provide compound viii, and
reaction with an ortho ester R>-C(OR): may provide compound iv. Reaction with phosphorus
oxychloride may provide compound v, and coupling of compound v with an appropriate amine
compound vi may provide a compound vii, which corresponds to a compound of formula (1)

where R is ~C(R™(R™-Cy-ORY
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Scheme 3
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[00148]  As shown in Scheme 3, reaction of i with cupric bromide and tert-butyl niirite may
provide compound ix. Reaction of compound ix with N-vinylacetamide in the presence of a
paliadium catalyst such as palladium acetate may provide compound x, which may be reacted
with an acid such as hydrochloric acid to provide compound xi. Reaction with ammonium
hydroxide may provide compound xii. Finally, reaction with phosphorus oxychloride followed
by coupling with an appropriate arnine HNRR™ may provide a compound xiii, where R'% is

~C(R™HR"-Cy-OR?

Scheme 4
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{00149]  As shown in Scheme 4, reaction of compound xiv and amine vi may provide
compound xv using a C-N coupling reaction (e.g. Buchwald reaction, Mitsunobu reaction or
standard SnAR reaction), which corresponds to a compound of formula (I} where R' is
CR™WR™)-Cy-OR5. These coupling reactions are well-known to those skilled in the art of
organic chemistry.

{8015¢] The compounds and intermediates may be isolated and purified by methods well-
known to those skilled in the art of orgamic 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 i “Vogel's Textbook of Practical Organic Chenustry,” 5th
edition {1989), by Furruss, Hannaford, Smith, and Tatchell, pub. Longman Scientific &
Technical, Fssex CM20 2JE, England.

{80131} A disclosed compound may have at least one basic mtrogen whereby the compound
can be treated with an acid to form a desired salt. For exarople, a compound may be reacted with
an acid at or above room temperature to provide the desived salt, which s deposited, and
collected by filtration after cooling. Examples of acids sustable for the reaction include, but are
not limued to tartaric aad, lactic acid, succinic acid, as well as mandelic, atrolactic,
methanesuifome, ethanesulfonic, toluenesulfonic, naphthalenesulfonic, benzenesulfonig,
carbonic, fumaric, maleic, gluconic, acetic, propionic, salicylic, hydrochloric, hydrobromic,
phosphoric, sulfuric, aitnic, hydroxybutyrie, camphorsulfonie, malic, phenviacetic, aspartic, or
glutamic acid, and the like.

[00182] Reaction conditions and reaction times for each mdividual step can vary depending
on the particular reactants employed and substituents present in the reactants used. Specific
procedures are provided n the Examples section. Reactions can be worked up m the
conventional manner, e.g. by elimiating 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 either commercially avaiiable or can be prepared by one skilled in the

art from commercially available materials using methods described in the chemical literature.
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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.
{80153} Routine experimentations, including appropriate manipulation of the reaction
conditions, reagents and sequence of the synthetic route, protection of any chemical functionality
that cannot be compatible with the reaction conditions, and deprotection at a suitable point in the
reaction sequence of the method are included in the scope of the invention. Suitable protecting
groups and the methods for protecting and deprotecting different substituents using such suitable
protecting groups are well known to those skilled in the art; examples of which can be found in
PGM Wats and TW Greene, in Greene’s book titled Protective Groups in Organic Synthesis (4%
ed ), John Wiley & Sons, NY {2006), which 1s incorporated herein by reference i its entirety.
Synthesis of the compounds of the imvention can be accomphished by methods analogous to those
described in the synthetic schemes described hereinabove and tn specific examples.
[00134] When an optically active form of a disclosed compound 1s required, 1t can be obtained
by carrying out one of the procedures described herein using an optically active starting material
{prepared, for example, by asymmetric induction of a suitable reaction step), or by resolution of a
mixture of the stereoisomers of the cornpound or intermediates using a standard procedure (such
as chromatographic separation, recrystailization or enzymatic resolution).
[00185] Suwlarly, when a pure geometric isomer of a compound 1s required, it can be
obtained by carrying out one of the above procedures using a pure geometric isomer as a starting
material, or by resohution of a mixture of the geometric 1somers of the compound or
miermediates using a standard procedure such as chromatographic separation.
[00186] It can be appreciated that the synthetic schemes and specific examples as described
are tllustrative and are not to be read as hmiting the scope of the invention as it i1s defined mn the
appended claims. Al alternatives, modifications, and equivalents of the synthetic methods and
spectfic examples are included within the scope of the claims.

¢. Muscarinic Acetylcholine Receptor My Activity
{86157}  In some embodiments, the disclosed compounds potentiate the agonist response {e.g.,
acetyicholine} of mACHR Ma. In some embodiments, the disclosed compounds increase mACHR

My response to non-maximal concentrations of agonist in the presence of compound compared to
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the response to agonist in the absence of compound. The potentiation of mAChR M activity can
be demonstrated 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. In some embodiments, the calcium flux was
measured as an increase in fluorescent static ratio. In some embodiments, postitve allosteric
modulator activity was analyzed as a concentration-dependent increase in the ECao acetylcholine
response {t.e. the response of mAChR My at a concentration of acetylcholine that yields 20% of
the maximal response).

{00158]  In some embodiments, the disclosed compounds activate mAChR My response as an
mncrease in calcium fluorescence in mAChR Mu-transfected CHO-K 1 cells in the presence of the
compound, compared to the response of equivalent CHO-K1 cells in the absence of the
compound. In some emboduments, a disclosed compound activates the mAChR My response with
an ECso of less than about 10 uM, less than about 5 uM, less than about 1 uM, less than about
500 nM, of less than about 100 oM, or less than about 50 nM. In some embodiments, the
mAChR Me-transfected CHO-K1 cells are transfected with human mAChR Ma In some
embodiments, the mAChR Ma-transfected CHO-K1 cells are transfected with rat mAChR Ma.
{00139}  The disclosed compounds may exhibit positive allosteric modulation of mAChR My
response to acetylcholine as an mncrease in response to non-maximal concentrations of
acetyicholine in CHO-K1 cells transfected with a mAChR Ma in the presence of the compound,
compared to the response to acetyicholine in the absence of the compound. In some
embodiments, the disclosed compounds exhibit positive allosteric modulation of the mAChR My
response to acetylcholine with an ECse of less than about 10 uM, 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 ECso
for positive allosteric modulation 18 determomed in CHO-K1 cells are transfected with a mAChR
M, In some smbodiments, the mACHhR Ma transfected human mACHR M. In some
embodiments, the mACHR M transfected rat mAChR M.

[001608] A disclosed compound can have selectivity for the mAChR M receptor vis-a-vis one
or more of the mAChR M, M2, Mz 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 M, Mz, Ms or Ms-transfected CHO-K1 cells. In somse
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embodiments, a disclosed compound can activate mAChR My 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 160-
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 ECsoe of about 5-fold less, about 10-fold less, about 20-fold less,
about 30-fold fess, about 50-Told less, about 100-Told less, about 200-fold less, about 300-{old
less, about 400-fold less, or greater than about 500-fold less than that for mAChR Moz, In some
embodiments, a disclosed compound can activate mAChR M response with an ECso of about 5-
fold less, about 10-fold less, about 20-fold less, about 30-fold less, about 50-told 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 Mas. In some embodiments, a disclosed compound can activate
mACHhR Mg response with an ECse of about S-fold less, about 10-fold less, about 20-fold less,
about 30-fold less, about SO-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
ernbodiments, a disclosed compound can activate nAChR My response with an ECso of S-fold
fess, about 10-fold less, about 20-fold less, about 30-fold less than that for the Mz-Ms receptors,
of about 50-fold less, about 100-fold less, about 200-fold less, about 300-fold less, about 400-
fold less, or greater than about 500-fold less than that for the mACHR My, Mz, Ms, or Ms
receptors.

{00161] The disclosed compounds may activate mAChR My response i Ma-transfected CHO-
K1 cells with an ECso of ess than about 10 uM and exhibits 3 selectivaty for the Mu receptor vis-
a-vis one or more of the mAChR M, Mz, Mz, or Ms receptors. For example, in some
ernbodiments, 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 30 nM; and the compound can also activate mACHR M response with an ECso of
about S-Told less, 10-fold tess, 20-old less, 30-fold less, $0-fold less, 100-fold less, 200-fold
leas, 300-fold less, 400-fold less, or greater than about 500-fold less than that for mAChR M. In
some embodiments, the compound can have an ECsp 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 uM, or of less
than about 50 nM; and the compound can also activate mAChR Ms response with an ECs0 of

about 5-fold less, about 10-fold less, about 20-fold less, about 3G-fold less, about 3¢-fold less,
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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 mAChR Mo, In some embodimenis, the compound can have an
ECse of less than about 10 uM, of less than about 5 uM, of less than about 1 M, of less than
about SO0 nM, of less than about 100 nM, or of less than about 50 oM, and the compound can
also activate mAChR Ms response with an ECse of about 5-fold less, about 10-fold less, about
20-fold less, about 30-fold less, about S0-fold less, about 100-fold less, about 260-fold less,
about 300-fold fess, about 400-fold less, or greater than about 500-fold less than that for mAChR
M. In some embodiments, the compound can have an ECso of less than about 10 M, of less
than about 5 pM, of less than about 1 uM, of less than about 500 oM, of less than about 100 oM,
or of less than about 50 nM; and the compound can also activate mAChR My response with an
E{Cs0 of about S-fold less, about 10-fold less, about 20-fold less, about 30-fold less, about 50-tfold
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 ECso 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 My response with ECse of 5-fold less, about 10-fold less, about 20-fold
less, about 30-fold less than that for the M2-Ms receptors, of about 50-fold less, about 100-fold
less, about 200-fold less, about 300-fold less, about 400-fold less, Mz, M, or Ms receptors, or
greater than about S00-fold less than that for the mAChR My, Mo, Mz, or Ms receptors.

{80162]  In vivo efficacy for disclosed compounds can be measured in a number of preclinical
rat behavioral models where known, chinically useful antipsychotics display similar positive
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 Fermulations

{06163} The disclosed compounds may be incorporated into pharmaceutical compositions
suitable for administration to a subject (such as a patient, which may be a human or non-human}.
The disclosed compounds may also be provided as formulations, such as spray-dried dispersion
formulations.

[00164] The pharmaceutical compositions and formulations may include a “therapeutically
effective amount” or a “prophylactically effective amount” of the agent. A “therapeutically

stfective amount” refers to an amount effective, at dosages and for periods of time necessary, to
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achieve the desired therapeutic result. A therapeutically effective amount of the composition may
be determined by a person skilled 10 the art and may vary according to factors such as the disease
state, age, sex, and weight of the individual, and the ability of the composition to elicit a desired
response in the individual. A therapeutically effective amount 1s also one i which any toxic or
detrimental effects of a compound of the mvention (e g., a compound of formula (1)) are
outweighed by the therapeutically beneficial effects. A “prophylactically effective amount”
refers to an amount effeciive, at dosages and for periods of time necessary, to achieve the desired
prophylactic result. Typically, since a prophylactic dose 1s used n subjects prior to or at an
earlier stage of disease, the prophylactically effective amount will be less than the therapeutically
effective amount.

{00168} For example, a therapeutically effective amount of a compound of formula (1), may
be about 1 mg/kg to about 1000 mg/kg, about 5 mg/kg to about 950 myg/kg, about 10 mg/kg to
about 900 mg/kg, about 15 mg/kg to about 850 me/kg, about 20 mg/ke to about 800 mg/kg,
about 25 mg/ke to about 750 mg/ke, about 30 mg/ke to about 700 mg/ke, about 35 mg/kg to
about 630 mg/kg, about 40 mg/kg to about 600 mg/ke, 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 60 mg/kg to
about 400 mg/kg, about 65 mg/kg to about 350 mg/ke, about 70 mg/kg to about 300 mg/kg,
about 75 mg/kg to about 250 mg/kg, about 80 mg/kg to about 200 mg/kg, about 85 mg/kg to
about 150 mg/kg, and about 90 mg/kg to about 100 mg/kg.

{00166] The pharmaceutical compositions and formulations may include pharmaceutically
acceptable carriers. The term “pharmaceutically acceptable carrier,” as used herein, means a non-
toxic, 1nert sohd, semi-solid or hiquid filler, diluent, encapsulating material or formulation
auxibiary of any type. Some examples of materials which can serve as pharmaceutically
acceptable carriers are sugars such as, but not limiuted to, lactose, glucose and sucrose; starches
such as, but not limited to, corn starch and potato starch; cellulose and s derivatives such as, but
not hnuted to, sodium carboxymethyi celhulose, ethyl celinlose and cellulose acetate;, powdered
tragacanth; malt; gelatin; tale; excipients such as, bui not limited to, cocoa butter and suppository
waxes; oils such as, but not limited to, peanut oif, cottonseed oil, safflower oil, sesame oil, olive
oil, corn ot and sovbean oil; glycols; such as propylene glycol; esters such as, but not imited to,
ethyl oleate and ethyl laurate; agar; buffering agenis such as, but not limited to, magnesium

hydroxide and aluminum hydroxide; algimic acid; pyrogen-free water; isotonic saline; Ringer's
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solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
fubricants such as, but not imited to, sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, releasing agents, coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants can also be present in the composition, according to the judgment
of the formulator.

{86167}  Thus, the compounds and their pharmaceutically accepiable salts may be formulated
for administration by, for example, solid dosing, eve drop, in a topical gil-based formulation,
mjection, inhalation {either through the mouth or the nose), implants, or oral, buccal, parenteral,
or rectal administration. Techniques and formulations may generally be found in “Remington's
Pharmaceutical Sciences,” (Meade Publishing Co., Faston, Pa.}. Therapeutic compositions must
typically be sterile and stable under the conditions of manufacture and storage.

{00168}  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 admunistration {e.g, oral, rectal, nasal, sublingual,
buccal, implants, or parenteral} or topical adrministration {e g, dermal, pulmonary, nasal, aural,
ocular, liposome delivery systems, or iontophoresis).

[00169]  Carners for systemic admnstration typically imnclude at least one of diluents,
fubricants, binders, disintegrants, colorants, flavors, sweeteners, antioxidants, preservatives,
glidants, solvents, suspending agents, wetting agents, surfactants, combmations thereof, and
others. All carriers are optional in the compositions,

[80178]  Swtable diluents include sugars such as glucose, lactose, dextrose, and sucrose; diols
such as propyviene glyeol; calenum carbonate; sodium carbonate, sugar alcohols, such as glycerin
manunitol; and sorbitol. The amount of diluent(s) in a systemic or topical composition 1s typically
about 50 to about 90%.

{80171] Swtable lubricants include silica, tale, stearic acid and its magnesium salis and
calcium salts, calcrum sulfate; and hquid tubricants such as polyethylene glycol and vegetable
oils such as peanut o1l, cottonseed oil, sesame oii, olive oil, corn oif and oif of theobroma. The
amount of lubricant(s} in a systemic or topical composition is typically about 5 to about 10%.
{06172}  Suitable binders include polyvinyl pyvrrolidone; magnesium alominum silicate;
starches such as corn starch and potato starch; gelatin; tragacanth; and cellulose and its

derivatives, such as sodium carboxymethylcellulose, ethyl ceflulose, methylcellulose,
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nicrocrystalline cellulose, and sodmim carboxyvmethylceliulose. The amount of binder(s) ina
systemic composition 1s typically about 5 to about 50%.

{00173] Sustable disintegrants include agar, alginic acid and the sodiuom 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 fypically about 0.1 to about 10%.

{00174] Sustable colorants include a colorant such as an FD&C dye. When used, the amount
of colorant 1n a systemic or topical compostiion 1s typically about .005 to about 0.1%.

{00175}  Suitable flavors include menthol, peppermint, and fruit flavors. The amount of
flavor(s), when used, n a systemic or topical composition is typically about 0.1 to about 1.0%.
{00176}  Suitable sweeteners include aspartame and saccharin. The amount of sweetener(s} in
a systemic or topical composition 18 typically about 0.001 to about 1%.

{00177}  Suitable antioxidants include butylated hydroxyanisole ("BHA”™), butylated
hydroxytoluene ("BHT”}, and vitamin E. The amount of antioxidant(s} in a systemic or topical
composition is typically about 0.1 to about 3%.

[00178]  Suuable preservatives include benzalkonium chloride, methyl paraben and sodium
benzoate. The amount of preservative{s) in a systemic or topical composttion 15 typically about
0.01 to about 5%.

[80179]  Sutable ghdants include siicon dioxide. The amount of ghdant(s) in a systermic or
topical composition 18 typically about 1 to about 5%.

{B0188] Sutable solvents include water, sotonic sabime, ethyl oleate, glycerine, hydroxylated
castor oils, alcobols such as ethanol, and phosphate buffer solutions. The amount of solvent(s)
a systemic or topical composition 18 typically from about 0 to about 100%.

[00181] Sutable suspending agents include AVICEL RC-591 (from FMC Corporation of
Philadelphia, PA) and sodium alginate. The amount of suspending agent{s) in a systemic or
topical composition 18 typically about 1 to about 8%.

{00182] Suitable surfactants mnclude lecithin, Polysorbate 80, and sodium lauryl sulfate, and
the TWEENS from Atlas Powder Company of Wilmngton, Delaware. Suitable surfactants
mclude those disclosed in the C. T F A Cosmetic Ingredient Handbook, 1992, pp 587-592;

Remington's Pharmaceutical Sciences, 15th Hd. 1975, pp. 335-337; and Mc{Cutcheon's Volume
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1, Emulsifiers & Detergents, 1994, North American Edition, pp. 236-239. The amount of
surfactant(s) n the systemic or topical composition s typicaily about 8.1% to about 5%,

{00183} 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 (I}} and 50% to

99 99% of one or more carriers. Compositions for parenteral administration typically mclude
0.1% to 10% of actives and 90% to 99.9% of a carrier including a diluent and a solvent.

{00184} Compositions for oral admimstration 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 3%, and more particularly from about
25% 1o about 50% of actives. The oral dosage composttions include about 50% to about 95% of
carriers, and more particularly, from about 50% to about 75%.

[00188] Tablets can be compressed, tablet iriturates, enteric-coated, sugar-coated, film-coated,
or multiple-compressed. Tablets typically include an active component, and a carrier comprising
ingredients selected from diluents, lubricants, binders, disintegrants, colorants, flavors,
sweeteners, glidants, and combinations thereof. Specific diluents include calcium carbonate,
sodium carbonate, mannitol, lactose and cellulose. Specific binders include starch, gelatin, and
sucrose. Specific disintegrants include alginic acid and croscarmellose. Specific lubricants
mclude magnesiur stearate, stearic acid, and tale. Specific colorants are the FD&C dyes, which
can be added for appearance. Chewable tablets preferably contain sweeteners such as aspartame
and saccharin, or flavors such as menthol, peppermunt, frust flavors, or a combmation thereof.
[00186] Capsules (including implants, time release and sustamed release formulations)
typically mclode an active compound {(e.g., a compound of formula (1)), and a carrier including
one or more diluents disclosed above i a capsule comprising gelatin. Granules typically
comprise a disclosed compound, and preferably ghidants such as silicon dioxide to improve flow
characteristics. Implants can be of the biodegradable or the non-biodegradable type.

{06187} The selection of ingredients in the carrier for oral compositions depends on secondary
considerations like taste, cost, and shelf stalility, which are not critical for the purposes of this
mvention.

{00188] Solid compositions may be coated by conventional methods, typically with pH or

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

{06189} Compositions for oral admimstration can have hquid forms. For example, suitable
liquid forms mmclude aqueous solutions, emulsions, suspensions, solutions reconstituted from
non-effervescent granules, suspensions reconstituted from non-effervescent granules,
effervescent preparations reconstituted from effervescent granules, elixirs, tinctures, syrups, and
the like. Liguid orally administered compositions typically include a disclosed compound and a
carrier, namely, a carrier selected from diluents, colorants, flavors, sweeteners, preservatives,
solvents, suspending agents, and surfactants. Peroral lupnd compositions preferably include one
or more ingredients selected from colorants, flavors, and sweeteners.

{80196]  Other compositions useful for attaining systemic delivery of the subject compounds
mclude sublingual, buccal and nasal dosage forms. Such compositions typically include one or
more of soluble filler substances such as diluents including sucrose, sorbitol and mannitol; and
binders such as acacia, microcrystalline cellulose, carboxymethyl cellulose, and hydroxypropyl
methylcellulose. Such compositions may further mclude lubricants, colorants, flavors,
sweeteners, antioxidants, and ghdants.

[00181] The disclosed compounds can be topically admimistered. Topical compositions that
can be apphied locally to the skin may be 1 any form including solids, sohutions, oils, creams,
ointments, gels, lotions, shampoos, leave-on and rinse-out hair conditioners, milks, cleansers,
moisturizers, sprays, skin patches, and the hike. Topical compositions include: a disclosed
compound {e.g., a compound of formulda (1})}, and a carrter. The carrier of the topical composition
preferably aids penetration of the compounds nto the skin. The carrier may further include one
or more optional components.

{86192} The amount of the carrier employed 1n conjunction with a disclosed compound s
suffictent to provide a practical quantity of composition for administration per unit dose of the
compound. Techniques and compositions for making dosage forms useful in the methods of this

mvention are described in the following references: Modern Pharmaceutics, Chapters 9 and 10,
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Banker & Rhodes, eds. {1979}; Lieberman ¢t al , Pharmaceutical Dosage Forms: Tablets {(1981};
and Ansel, Introduction to Pharmaceutical Dosage Forms, 2nd Ed., (1976}

{00183] A carnier may include a single ingredient or a combination of two or more
mgredients. In the topical compositions, the carrier includes a topical carrier. Suitable topical
carriers include one or more ingredients selected from phosphate buffered saline, isotonic water,
deionized water, monofunctional alcohols, symmetrical alcohols, aloe vera gel, allantoin,
glycerin, vitamin A and E oils, mineral oil, propvlene glycol, PP(G-2 myristyl propionate,
dimethyl isosorbide, castor o1l, combinations thereof, and the like. More particularly, carriers for
skin applications mclude propylene glycol, dimethyl 1sosorbide, and water, and even more
particularly, phosphate buffered saline, 1sotonic water, deionized water, monofunctional
alcohols, and symmetrical alcohols.

{06194]  The carrier of a topical composition may further include one or more ingredients
selected from emollients, propellants, solvents, humectants, thickeners, powders, fragrances,
pigments, and preservatives, all of which are optional.

[001853]  Sutable emollients mclude stearyl aleohol, glveeryl monoricinoleate, glveeryl
monostearate, propane-1,2-diol, butane-1,3-diol, munk o1, cetyl alcohol, isopropyl 1sostearate,
stearic acid, 1sobutyl palnutate, 1socetyl stearate, oleyl alcohol, isopropyl laurate, hexyl laurate,
decyl oleate, octadecan-2-0l, 1socetyl alcohol, cetyl palmutate, di-n-butyl sebacate, 1sopropyl
myristate, 1sopropyl palmutate, 1sopropyl stearate, butyl stearate, polyethylene glveol, triethylene
glyeol, lanolin, sesame oil, coconut o, arachis oil, castor o1, acetylated lanohin alcohols,
petroleum, mineral oil, butyl myristate, 1sostearic acid, palmitic acid, sopropyl linoleate, tauryl
iactate, myristyl lactate, decyl oleate, mynistyl myristate, and combinations thereof. Specific
emollients for skin mclude stearvl alcohol and polydimethylsifoxane. The amount of emollient(s)
m a skin-based topical composttion 13 typically about 5% to about 95%.

[80196] Swtable propellants inchude propane, butane, isobutane, dimethyl ether, carbon
dioxide, nitrous oxide, and combinations thereof. The amount of propellant(s} in a topical
composition is typically about 0% to about 95%.

180197} Suitable solvents include water, ethyl alcshol, methylene chlonide, isopropanol, castor
oil, ethylene glycol monoethy! ether, diethylene glycol monobutyl ether, diethylene glycol

monoethyl ether, dimethylsulfoxide, dimethyl formamide, tetrahydrofuran, and combinations
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thereof. Specific solvents include ethyl alcohol and homotopic alcohols. The amount of
solvent{s) in a topical composition 1s typically about 0% to about 95%.
{00198] Sustable humectants inchide glycerin, sorbitol, sodium 2-pyrrolidone-S-carboxylate,
soluble coliagen, dibutyl phthalate, gelatin, and combinations thereof. Specific humectants
mclude glycerin. The amount of humectant(s} in a topical composition 1s typically 6% to 95%.
{80199 The amount of thickener(s} in a topical composition s typically about 0% to about
959%.
{80206]  Suuable powders include beta-cyclodextrins, hydroxypropyl cyclodextrins, chalk,
talc, fullers earth, kaolin, starch, gums, collotdal silicon dioxide, sodium polyacryiate, tetra alkyl
ammoniuvm smectites, trialkyl aryl ammonium smectites, chemically-modified magnesium
aluminum silicate, organically-moditied montmorillonite clay, hydrated aluminum silicate,
fumed silica, carboxyvinyl polymer, sodium carboxymethyi cellulose, ethylene glycol
monostearate, and combinations thereof. The amount of powder(s) in a topical composition is
typically 0% to 95%.
{00281} The amount of fragrance 1n a topical composition is typically about 0% to about
0.5%, particularly, about 4.001% to about 8.1%.
[80202] Suwtable pH adjusting additives include HCI or NaOH inamounts sufficient to adjust
the pH of 4 topical pharmaceutical composition.
{00283} The pharmaceutical composition or formulation may exhibit positive allosteric
modulation of mACHR My with an ECse of less than about 10 uM, less than about 5 pM, less
than about 1 uM, less than about 500 nM, or less than about 100 nM. The pharmaceutical
compostiion or formulation may exhibit positive allosteric modulation of mAChR M4 with an
ECso of between about 16 uM and about 1 nM, about 1 uM and about I nM, about 100 nM and
about 1 nM, or between about 10 oM and about 1 oM.

a. Spray-Dried Dispersion Formulations
{002084] The disclosed compounds may be formulated as a spray-dried dispersion (SBD). An
SDD is a single-phase, amorphous molecular dispersion of a drug in a polymer matrix. Itisa
sohid solution with the compound molecularly “dissolved” in a solid matrix. SDPs are obtained
by dissolving drug and a polymer 1n an organic solvent and then spray-drying the solution. The
use of spray drving for pharmaceutical applications can result in amorphous dispersions with

icreased sohubility of Biopharmaceutics Classification System (BCS) class I (hugh
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permeability, low solubility} and class IV {(low permeability, fow solubibity) drugs. Formulation
and process conditions are selected so that the solvent quickly evaporates from the droplets, thus
allowing msufficient time for phase separation or crystallization. SDDs have demonstrated iong-
term stability and manufactorability. For example, shelf lives of more than 2 vears have been
demonstrated with SDDs. Advantages of SDDs include, but are not mited to, enhanced oral
bicavailability of poorly water-soluble compounds, delivery using traditional solid dosage forms
{(e.2., tablets and capsules), a reproducible, controllable and scalable manufacturing process and
broad applicability to structurally diverse insoluble compounds with a wide range of physical
properties.
{002065]  Thus, in one embodument, the disclosure may provide a spray-dried dispersion
formulation comprising a compound of formula (I},
4. Methods of Use
{00206} The disclosed compounds, pharmaceutical compositions and formulations may be
used in methods for treatment of disorders, such as neurclogical and/or psychiatric disorders,
assoctated with muscarinie acetylcholine receptor dysfunction. The disclosed compounds and
pharmaceutical compositions may also be used in methods for the potentiation of muscarinic
acetylcholine receptor activity in a mamunal, and in methods for enhancing cognition ina
mamumal. 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 simultaneocusly or sequentially with the
disclosed compounds and compositions.

a. Treating disorders
{80287] The disclosed compounds, pharmaceutical compositions and formulations may be
used for treating disorders, or used in methods for treatment of disorders, such as neurclogical
and/or psychiatric disorders, associated with muscarinie acetyicholine receptor dysfunction. 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
composttion comprising a therapeutically effective amount of a compound of formula (I}
{06208]  In some embodiments, the disclosure provides a method for enhancing cognition in a

mammal comprising the step of administering to the mammal a therapeutically effective amount
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of the compound of formula (1), or a pharmaceutical composition comprising a therapeutically
effective amount of a compound of formula (I).

{002089] 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 My receptor activation. For example, a treatment can include selective mAChR
My receptor activation to an extent effective to affect cholinergic activity. A disorder can be
associated with cholinergic activity, for example cholinergic hypofunction. 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
composition, in an amount effective to treat the disorder in the subject.

{00218}  Also provided is a method for the treatment of one or more disorders associated with
mAChR Ma 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
arnount of a compound of formula (1), or a pharmaceutically acceptable salt thereof.

[006211]  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 the mAChR Ma receptor. In some embaodiments, the disclosure provides a
pharmaceutical composition comprising a compound of formula (I}, or a pharmaceutically
acceptable salt thereof, for use in a method for the treatment of a disorder associated with the
mA{CHR My receptor.

{00212] Insome embodiments, the disclosure provides a compound of formula (I}, or a
pharmaceutically acceptable salt thereof, for use in the manufactare of a medicament for the
treatment of a disorder associated with the mAChR My receptor.

{80213] Insome 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 admunistering 1o the mammal an effective amount of at least one disclosed compound
or a pharmaceutically acceptable salt thereof, or a pharmaceutical compostiion comprising at

ieast one disclosed compound or pharmaceutically acceptable salt thereof.
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{00214] In some embodiments, the disclosure provides a compound of formula (), or a
pharmaceutically acceptable salt thereof, for use in a method for the treatment of a disorder
associated with muscarimc acetylcholine receptor dysfunction 1n a mammal

{80215]  In some embodiments, the disclosure provides a pharmaceutical composition
comprising a compound of formula (1}, or a pharmaceutically acceptable salt thereof, foruse ina
method for the treatment of a disorder associated with muscarinic acetylcholine receptor
dysfenction in a mammal.

{00216}  In some embodiments, the disclosure provides a compound of formula (1), ora
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
treatment of a disorder associated with muscarinic acetylcholine receptor dysfunction in a
mammal.

{806217]  Insome embodiments, the disclosed compounds and compositions have utility in
treating a variety of neurological, psychiatric and cogmitive disorders associated with the
mAChR Ma 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
schizophrenta, postpartum psychosis, psychotic depression, psychotic break, tardive psychosis,
myxedematous psychosis, occupational psychosis, menstrual psychosis, secondary psychotic
disorder, bipolar T disorder with psychotic features, and substance-induced psychotic disorder. In
some embodiments, the psychotic disorder 18 a psychosis associated with an ihiness selected from
major depressive disorder, affective disorder, bipolar disorder, electrolyte disorder, Alzheimer’s
disease, neurological disorder, hypoglycemia, AIDS, fupus, and post-iraumatic siress disorder.
{80218] Insome embodiments, the disclosure provides a compound of formula (1), or a
pharmaceutically acceptable salt thereof, for use 10 a method for the treatment of a neurological,
psyehiatric, or cognitive disorder associated with the mAChR My receptor, i particular, the
disorders described herein. In some embodiments, the disclosure provides a pharmaceuotical
composition comprising a compound of formula (1), 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 My receptor, n particular, the disorders described herem. 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 a2
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neurclogical, psychiatric, or cognitive disorder associated with the mAChHR M receptor, in
particular, the disorders described herein.

{00219] Insome embodiments, the disorder is a neurological disorder selected from brain
tumor, dementia with Lewy bodies, multiple sclerosis, sarcoidosis, Lyme disease, syphilis,
Alzhemmer’s disease, Parkinson’s disease, and anti-NMDA recepior encephalitis.

{062281  In some embodiments, the disorder 1s a psychotic disorder selected from
schizophrentia, brief psychotic disorder, schizophreniform disorder, schizoaffective disorder,
delusional disorder, and shared psychotic disorder. In some embodiments, the schizophrenia is
selected from catastrophic schizophrenia, catatonic schizophrenia, paranoid schizophrenia,
residual schizophrenia, disorganized schizophrenia, and undifferentiated schizophrenia. In some
embodiments, the disorder s selected from schizoid personality disorder, schizotypal personality
disorder, and paranoid personality disorder. In some embodiments, the psychotic disorder s due
to a general medical condition and is substance-induced or drug-induced {phencyclidine,
ketamine and other dissociative anesthetics, amphetamine and other psychostimulants, and
cocame).

802211  Insome embodiments, the present disclosure provides a method for treating a
cognitive disorder, comprising administering to a patient i need thereof an effective amount of a
compound or a compostiion of the present disclosure. In some embodiments, cognitive disorders
mclude dementia (associated with Alzheimer’s disease, 1scherma, multi-infarct dementia, trauma,
vascular problems or stroke, HIV disease, Parkinson’s disease, Huntington’s disease, Pick’s
disease, Creutzfeldt-Tacob disease, perinatal hypoxia, other general medical conditions or
substance abuse), delirium, ammestic disorder, substance~-induced persisting delirnum, dementia
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 cogmtive
dechine, and mild cognitive impairment.

[00222]  The text revision of the fourth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV-TR} (2000, American Psychiatric Association, Washington D)
provides a diagnostic tool that includes cognitive disorders mcluding dementia, delirium,
amnestic disorders and age-related cognitive decline. The fifth edition of the Bagnostic and
Statistical Manual of Mental Disorders (DSM-5} (2013, American Psychiatric Association,

Washington DC) provides a diagnostic tool for newrocognitive disorders (NCDs) that include
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delirium, followed by the syndromes of major NCB, muld NCD, and their eticlogical 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 tragmatic
brain mjury, NCD due to HIV infection, substance/medication-induced NCD, NCD due to
Huntington’s disease, NCID due to prion disease, NUD due to another medical condition, NCD
due to multiple eticlogies, and unspecified NCD. The NCD category in DSM-5 encompasses the
group of disorders in which the primary chinical deficit 1s in 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 DSM-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 “cognutive disorders” is intended to include like disorders that
are described in other diagnostic sources.

{806223]  Insome embodiments, the present disclosure provides a method for treating
schizophrenia or psychosis, comprising administering to a patient in need thereof an effective
amount of a compound or composition of the present disclosure. Particular schizophrenia or
psychosis pathologies are paranowd, disorganized, catatonic or undifferentiated schizophrerua and
substance-induced psychotic disorder. DSM-IV-TR provides a diagnostic tool that includes
paranoid, disorganized, catatonic, undifferentiated or residual schizophrema, and substance-
mduced psychotic disorder. DSM-5 eliminated the subtypes of schizophrenia, and imnstead
meludes a dimensional approach to rating severity for the core symptoms of schizophrenia, to
capture the heterogeneity 1 symptom type and severity expressed across mdividuals with
psychotic disorders. As used herein, the term “schizophrenia or paychosis” mcludes treatment of
those mental disorders as described in DAM-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™ s intended to include like disorders that are described in other
diagnostic sources.

{006224] Insome 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 joint pain
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{ostecarthritis), repetitive motion pain, dental pain, cancer pain, myofascial pain {muscular
mjury, fibromyalgia), perioperative pamn (general surgery, gynecological), chronic pain and
neurcpathic pain,

{06225]  The compounds and compositions 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 1n a method for
the prevention, treatment, control, amelioration, or reduction of risk of the aforementioned
diseases, disorders and conditions, in combination with other agents.

{00226} In the treatment of conditions which require activation of mAChR My, an appropriate
dosage level may be about 0.01 to 500 mg per kg patient body weight per day, which can be
administered in single or multiple doses. The dosage level may be about 0.1 to about 250 mg/kg
per day, or about 0.5 to about 100 myg/kg per day. A suitable dosage level can be about 0.01 to
250 mg/kyg 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 0.05t0 0.5, 0.5 t0 5 or 5 to 50 mg/kg per day. For oral
admunistration, the compositions may be provided n the formo of tablets contaung 1.0 10 1000
mithgrams of the active ingredient, particularly 1.0, 5.0, 10, 15, 20, 25, 50, 75, 100, 150, 200,
230, 300, 400, 500, 600, 750, 800, 900, or 1000 muhgrams of the active ingredient for the
symptomatic adjustment of the dosage to the patient to be treated. The compounds can be
admunistered on a regimen of 1 to 4 times per day, preferably once or twice per day. This dosage
regumen can be adjusted to provide the optimal therapeutic response. It will be understood,
however, that the specific dose level and frequency of dosage for any particular patient can be
varied and will depend upon a variety of factors including the activity of the specific compound
employed, the metabolic stability and length of action of that compound, the age, body weight,
general health, sex, diet, mode and time of admimstration, rate of excretion, drug combination,
the severity of the particular condition, and the host undergoing therapy.

[00227]  Thus, i some embodiments, the disclosure relates to a method for activating mACHR.
My 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 feast one product of a disclosed method i an amount
effective to activate mACHhR M in the at least one cell. In some embodiments, the cell is

mammalian, for example, human. In some embodiments, the cell has been isolated from a
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subject prior to the contacting step. In some embodiments, contacting is via administration {0 3
subject.

{00228] In some embodiments, the invention 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 to
activating mACHhR My activity in the subject. In some embodiments, the subject is mammalian,
for example, human. In some embodiments, the mammal has been diagnosed with a need for
mAChR Ma agonism prior to the administering step. In some embodiments, the mammal has
been diagnosed with a need for mAChR Ma activation prior to the administering step. In some
embodiments, the method further comprises the step of identifving a subject in need of mACHhR
Ma agonism.

{806229]  In some embodiments, the invention relates to a method for the treatment of a
disorder associated with selective mAChR My activation, for example, a disorder associated with
cholinergic activity, in a mammal comprising the step of administering to the mammal at least
one disclosed compound or at least one product of a disclosed method 1 a dosage and amount
effective to treat the disorder i the mammal. In some embodiments, the maromal 15 a human. In
some embaodiments, the mammal has been diagnosed with a need for treatment for the disorder
priot o the administering step. In some embodiments, the method further comprises the step of
identifving a subject in need of treatment for the disorder.

{B0236] In some embodiments, the disorder can be selected from psychosis, schizophrenia,
conduct disorder, disruptive behavior disorder, bipolar disorder, psvchotic episodes of anxaety,
anxiety associated with psychosis, psychotic mood disorders such as severe major depressive
disorder; mood disorders associated with psychotic disorders, acute mama, depression associated
with bipolar disorder, mood disorders associated with schizophrenia, behavioral manifestations
of mental retardation, autistic disorder, movement disorders, Tourette’s syndrome, akinetic-rigid
syndrome, movement disorders associated with Parkmson’s disease, tardive dyskinesia, drug
mduced and neurodegeneration based dyskinesias, attention deficit hyperactivity disorder,
cogmitive disorders, dementias, and memory disorders.

{06231}  Insome embodiments, the disorder 1s Alzheimer’s disease.
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br. Potentiation of Muscarinic Acetyicholine Receptor Activity
{80232] Insome embodiments, the disclosure relates to a method for potentiation of
muscarinic acetyicholine 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 ong disclosed
compound or pharmaceutically acceptable salt thereof,
{00233} In some embodiments, the disclosure provides a compound of formula (), or a
pharmaceutically acceptable salt thereof, for use in a method for the potentiation of muscarinic
acetylcholine receptor activity 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 in a method for the potentiation of muscarinic acetylcholine
receptor activity in & mammal.
{00234} Insome embodiments, the disclosure provides a compound of formula (), or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
potentiation of muscarinic acetylcholine receptor activity in a mammal
[00235]  In some embodiments, potentiation of muscarinic acetylcholine receptor activity
mncreases muscarinic acetylcholine receptor activity. In some embodiments, potentiation of
muscarinie acetylcholine receptor activity 1s partial agonism of the muscarinic acetvicholine
receptor. In some embodiments, potentiation of muscarninic acetylcholine receptor activity 13
positive allosteric modulation of the muscannic acetylcholine receptor.
{80236] In some embodiments, the compound admimstered exhibits potentiation of mAChR
Ma with an ECso of less than about 10 uM, less than about 5 uM, less than about T pM, less than
about 300 nM, or less than about 100 nM. In some embodiments, the compound admimstered
exhibits potentiation of mACKhR M with an ECso of between about 10 uM and about T oM,
about 1 M and about 1 nM, about 100 nM and about 1 nM, or about 10 oM and about 1 oM
{00237]  Insome embodiments, the mammal 15 a human. In some embodiments, the mammal
has been diagnosed with a need for potentiation of muscarnnic acetyicholine 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 acetyicholing receptor activity. In some

embodiments, the potentiation of muscarini¢ acetyicholine receptor activity treats a disorder
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associated with muscarimic acetylcholine receptor activity in the mammal. In some embodiments,
the muscarinic acetylcholine receptor 1s mAChR Ma.
100238] Insome embodiments, potentiation of muscarinic acetylcholine receptor activity ina
mammal is associated with the treatment of a neurological and/or psychiatric disorder associated
with a muscarinic receptor dysfunction, such as a neurslogical or psychiatric disorder disclosed
heren. In some embodiments, the muscarinic receptor 1s mAChR Ma.
{00239} 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 1s mammalian (e g, human}. In some embodiments,
the cell has been isolated from a mammal prior to the contacting step. In some embodiments,
contacting ts via administration to a mammal.

¢. Enhancing Cognition
{80240}  In some embodiments, the invention relates to a method for enhancing cognition in a
mammal comprising the step of administering to the manunal an effective amount of least one
disclosed compound; or a pharmaceutically acceptable salt, hydrate, solvate, or polymorph
thereof.
[00241]  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 1o
amammal. In some embodiments, the disclosure provides a pharmaceutical composition
comprising a compound of formula (I}, or a pharmaceutically acceptable salt thereof, foruseina
method for the enhancment of cognition in a mammal.
{80242] Insome 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
enhancment of cognition in a mammal.
{00243]  In some embodiments, the mammal 15 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 a mammal in need of
cognition enhancement. In some embodiments, the need for cognition enhancement s associated
with a muscarinic receptor dysfunction. In some embodiments, the muscarinic receptor is

mAChR Ma.
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{00244] In some embodiments, the cognition enhancement is a statistically significant
icrease in Novel Obiect Recognition. In some embodiments, the cognition enhancement 1s a
statistically significant mcrease in performance of the Wisconsin Card Sorting Test.

d. Cotherapeuntic methods
{00245] The present mvention 1s further directed to admimstration of a selective mAChR Ma
activator for improving treatment outcomes in the context of cognitive or behavioral therapy.
That 15, 1n some embodiments, 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
{006246]  In some embodiments, the disclosure provides a compound of formula (1), ora
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 (1), or a pharmaceutically
acceptable salt thereof, for use in a cotherapeutic method with cognitive or behaviorial therapy in
a maromal,
[00247]  Insome embodiments, the disclosure provides a compound of formula (I}, or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for a
cotherapeutic method with cogrutive or behaviorial therapy 1 a moammal
[00248] In some embodiments, administration improves tfreatroent outcomes in the context of
cogmtive or behavioral therapy. Administration in connection with cognitive or behavioral
therapy can be continyous or intermittent. Admmnistration need not be sumultaneous with therapy
and can be before, during, and/or after therapy. For example, cognitive or behavioral therapy can
be provided within 1, 2, 3, 4, 5, 6, 7 days before or after admimistration of the compound. Asa
further example, cognitive or behavioral therapy can be provided within 1, 2, 3, or 4 weeks
before or after admimstration of the compound. As a still further example, cognitive or
behavioral therapy can be provided before or after administration within a period of time of 1, 2,
3,4,5,6,7, 8,9, or 10 half-lives of the administered compound.
{00249] It 1s understood that the disclosed cotherapeutic methods can be used in connection

with the disclosed compounds, compositions, kits, and uses.
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e. Combination Therapies
{00258]  In the methods of use described herein, additional therapeutic agent(s) may be
administered simultaneously or sequentially with the disclosed compounds and compostions.
Sequential administration includes administration before or after the disclosed compounds and
compostiions. In some embodiments, the additional therapeutic agent or agents may be
admunistered m the same composition as the disclosed compounds. In other embodiments, there
may be an mterval of time between adnunistration of the additional therapeutic agent and the
disclosed compounds. In some embodiments, adnmunistration of an additional therapeutic agent
with a disclosed compound may allow lower doses of the other therapeutic agents and/or
admirustration at less frequent intervals. When used in combination with one or more other
active ingredients, the compounds of the present invention and the other active ingredients may
be used i lower doses than when each is used singly. Accordingly, the pharmaceutical
compositions of the present invention include those that contain one or more other active
mgredients, in addition to a compound of Formula (T). 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.
[00231] The disclosed compounds can be used as single agents or in combination with one or
more other drugs m the treatment, 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 combination of drugs together are safer or more effective than either drug
alone. The other drug(s) can be administered by a route and 1o an amount commonly used
therefor, contemporaneously or sequentially with a disclosed compound. When a disclosed
compound 1s used contemporaneously with one or more other drugs, a pharmaceutical
compostiion i unit dosage form containimg such drogs and the disclosed compound may be
used. However, the combination therapy can also be admmistered on overlapping schedules. Itis
also envisioned that the combination of one or more active mmgredients and a disclosed compound
can be more efficacious than either as a single agent. Thus, when used in combination with one
or more other active ingredients, the disclosed compounds and the other active ingredients can be

used in lower doses than when each is used singly.
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{00252} 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.

{86253} 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, amelioration, 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 s used contemporanecusly with
one or more other drugs, a pharmaceutical composition containing such other drugs 1n addition
to a disclosed compound is preferred. Accordingly, the pharmaceutical compositions include
those that also contain one or more other active ingredients, in addition to a compound of the
present invention.

{00234] The weight ratio of a disclosed compound to the second active ingredient can be
varied and will depend upon the effective dose of each ingredient. Generally, an effective dose of
each will be used. Thus, for example, when a compound of the present invention 1s combined
with ancther 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 2001 to about 1:200. Combinations
of a compound of the present invention and other active ingredients will generally also be within
the aforementioned range, but i each case, an effective dose of each active imgredient should be
used.

{80235] Insuch combmations a disclosed compound and other active agents can be
administered separately or it conjunction. In addition, the administration of one element can be
prior to, concurrent to, or subsequent to the admmistration of other agent{s).

[00286] Accordmgly, the disclosed compounds can be used alone or i combination with
other agents which are known to be beneficial 1n the subject indications or other drugs that affect
receptors of enzymes that either increase the efficacy, safety, convenience, or reduce unwanted
side effects or toxicity of the disclosed compounds. The subject compound and the other agent

can be coadministered, either in concomitant therapy or in a fixed combination.
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{00257}  In some embodiments, the compound can be employed in combination with anti-
Alzheimer’s agents, beta-secretase inhibitors, cholinergic agents, gamma-secretase inhibitors,
HMG-CoA reductase inhibitors, M allosteric agonists, My positive allosteric modulators,
NSAIDs mcluding ibuprofen, 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, cyclopyrrelones, imidazopyridines,
pyrazolopyrimidines, minor trancuitlizers, melatonin agonists and antagonists, melatonergic
agents, benzodiazepines, barbiturates, SHT-2 antagonists, and the like, such as: adinazolam,
allobarbital, alonimid, alprazolam, anusulpride, amitriptyline, amobarbital, amoxapine,
aripiprazole, bentazepam, benzoctamine, brotizolam, bupropion, busprione, butabarbital,
butalbital, capuride, carbocloral, chloral betaine, chloral hvdrate, clomipramine, clonazepam,
cloperidone, clorazepate, chlordiazepoxide, clorethate, chlorpromazine, clozapine, cyprazepam,
desipramine, dexclamol, diazepam, dichloralphenazone, divalproex, diphenhydramine, doxepin,
estazolam, ethchlorvynol, etomidate, fenobam, flunitrazepam, flupentixol, fluphenazine,
flurazepar, fluvoxamune, fluoxetine, fosazepam, glutethumude, halazepam, haloperidol,
hydroxyzine, smipramine, bithium, lorazepam, lormetazepam, maprotiline, mecloqualone,
melatomin, mephobarbital, meprobamate, methagualone, moidaflur, midazolam, nefazodone,
nisobamate, nitrazepam, nortriptyline, olanzapine, oxazepam, paraldehyde, paroxetine,
pentobarbital, perlapine, perphenazine, phenelzine, phenobarbital, prazepam, promethazine,
propofol, protriptyline, quazepam, quetiapine, reclazepam, rispenidone, roletamide, secobarbital,
sertraline, suproclone, temazepam, thioridazing, thiothixene, tracazolate, tranyleypromamne,
trazodone, triazolam, trepipam, tricetanude, triclofos, trifluoperazine, trimetozine, trimipramine,
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 hight therapy or electnical stimulation.

[00288] In some embodiments, the compound can be employved i combmation 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 trihexyphenidyl (benzhexol) hydrochloride, COMT mhibitors such as entacapone, MOA-B
mhubitors, antioxidants, AZa adenosine receptor antagonists, cholinergic agonists, NMDA

receptor antagonists, serotonin receptor antagonists and dopamine receptor agonists such as
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alentemol, bromocriptine, fenoldopam, lisuride, naxagolide, pergolide and pramipexole. It will
be appreciated that the dopamine agonist can be in the form of a pharmaceutically acceptable
salt, for example, alentemo! hydrobromide, bromocriptine mesylate, fenoldopam mesylate,
naxagolide hydrochloride and pergolide mesylate. Lisuride and pramipexol are commonly used
in a non-salt form.

{806259]  In some embodiments, the compound can be employed in combination with a
compound from the phenothiazine, thioxanthene, heterocyclic dibenzazepine, butyrophenone,
diphenyibutyipiperidine and indolone classes of neuroleptic agent. Suitable examples of
phenothiazines include chlorpromazine, mesoridazine, thioridazine, acetophenazine,
fluphenazine, perphenazine and trifluoperazine. Suttable 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 1s molindolone. Other neuroleptic agents include loxapine, sulpiride and
risperidone. It will be appreciated that the neuroleptic agents when used in combination with the
subject compound can be i the form of a pharmaceutically acceptable salt, for example,
chlorpromazine hydrochloride, mesoridazine besylate, thioridazine hydrochlonide,
acetophenazine maleate, fluphenazine hvdrochlonde, flurphenazine enathate, fluphenazine
decanoate, triftuoperazine hydrochloride, thiothixene hydrochloride, haloperidol decancate,
loxapine succinate and mohndone hydrochloride. Perphenazine, chlorprothixene, clozapine,
haloperidol, pimozide and risperidone are commonly used 1 a non-salt form. Thus, the subject
compound can be employed in combination with acetophenazine, alentemol, anipiprazole,
amusulpride, benzhexol, bromocriptine, biperiden, chlorpromazine, chlorprothixene, ¢lozapine,
diazepam, fenoldopam, fluphenazine, haloperidol, levodopa, levodopa with benserazide,
fevodopa with carbidopa, hisunde, loxapine, mesondazing, molindolone, naxagohde, olanzapine,
pergolide, perphenazine, pimozide, pramipexole, guetiapine, risperidone, sulpiride,
tetrabenazine, trihexyphenidyl, thiondazine, thiothixene, trifluoperazine or ziprasidone.

{002608]  In some embodiments, the compound can be employed in combination with an anti-
depressant or anti-anxiety agent, including norepinephrine reuptake nhibitors {including tertiary
amine tricyclics and secondary amine tricyclics), selective serotonin reuptake inhibitors (SSRis},
moncamine oxidase inhibitors (MAQIs), reversible inhibitors of monocamine oxidase (RIMAs},

serotonin and noradrenaline reuptake mnhibitors (SNRls}, corticotropin releasing factor {TRF)
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antagonists, g-adrenoreceptor antagonists, neurckinin-1 receptor antagonists, atypical anti-
depressants, benzodiazepines, S-HT1A agonisis or antagonists, especially S-HT1A partial
agonists, and corticotropin refeasing factor (CRF) antagonists. Specific agents include:
amutriptyline, clomipramine, doxepin, mipramine and trimipramine, amoxapine, desipraming,
maprotiline, nortriptyline and protriptyline; fluoxetine, fluvoxamine, paroxetine and sertraline;
isocarboxazid, phenelzing, tranyleypromine and selegiline; moclobemide: venlafaxine;
duloxeting; 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.
{00261} Insome embodiments, the compounds can be coadministered with orthosteric
uscarinic agonists, muscarinic potentiators, or cholinesterase inhibitors. In some embodiments,
the compounds can be coadnmunistered with GlyT1 imnhibitors and the like such as, but not limited
to: risperidone, clozapine, halopernidol, fluoxetine, prazepam, xanomeline, lithium, phenobarbitol,
and salis thereof and combinations thereof

f. Modes of Administration
[00262] Methods of treatment may include any number of modes of administering a disclosed
composition. Modes of administration may include tablets, pils, dragees, bard and soft gel
capsules, granules, pellets, agueous, lipid, oily or other solutions, emulsions such as otl-in-water
emulsions, liposomes, aguecus or oly suspensions, syrups, elixirs, sohid emulsions, solid
dispersions or dispersible powders. For the preparation of pharmaceutical compositions for oral
administration, the agent may be admuxed with commonly known and vsed adjuvants and
excipients such as for example, gum arabic, talcum, starch, sugars {such as, e g, mannitose,
methyl cellulose, lactose), gelatin, surface-active agents, magnesium stearate, aqueous or non-
aqueous solvents, paraffim dertvatives, cross-linking agents, dispersants, emulsifiers, lubricants,
conserving agents, flavoring agents {e.g., ethereal oils), sohubility enhancers {e.g., benzyl
benzoate or benzyl alcohol} or bicavailability enhancers {e.g. Gelucire TM.). In the
pharmaceutical composition, the agent may also be dispersed in a microparticle, eg. a
nanoparticulate composition.
{00263} For parenteral administration, the agent can be dissolved or suspended in a

physiologically acceptable diluent, such as, e g, water, buffer, oils with or without solubilizers,
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surface-active agents, dispersants or emulsifiers. As oils for example and without hmitation,
olive oif, peanut o, cottonseed oil, soybean oil, castor oil 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 sohution or suspension or even adnunistered in the form of liposomes or
RANG-SUSPEnsIons.
{00264]  The term “parenterally,” as used herein, refers to modes of administration which
mclude imtravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous and mtraarticular
mjection and nfusion.
5. Kits
{00265]  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 ncrease mAChR M activity;

{b) at least one agent known to decrease mACKhR Ma 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} mstructions for treating a disorder associated with Ma receptor activity; or

{fy nstructions for admuustering the compound in connection with cognifive or

bebavioral therapy.

[00266] In some embodiments, the at least one disclosed compound and the at least one agent
are co~-formulated. In some emboduments, the at least one disclosed compound and the at least
one agent are co-packaged. The kits can also comprise compounds and/or products co-packaged,
co~-formulated, and/or co-delivered with other components. For example, a drug manufacturer, a
drug reseller, a physician, a compounding shop, or a pharmacist can provide a kit comprising &
disclosed compound and/or product and another component for dehivery to a patient.
{80267] The disclosed kits can be employed 1 connection with disclosed methods of use.
{00268]  The kits may {urther comprise mformation, instructions, or both that use of the kit
may provide treatment for medical conditions in mammals {particularly humans). The
mformation and instructions may be in the form of words, pictures, or both, and the like. In
addition or m the alternative, the kit may include the compound, a composition, or both; and
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
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mammals (e.g., humans}.

{00269]  The compounds and processes of the invention will be better understood by reference
to the following examples, which are intended as an illustration of and not a limitation upon the
scope of the mvention.

6. Examples

100276]  All NMR spectra were recorded on a 400 MHz AMX Bruker NMR spectrometer. 'H
chemical shifts are reported 1 & values m 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, diode-array detector (DAD) and
an Agilent 6150 MSD with the following parameters. The gradient conditions were 5% to 95%
acetontirile with the aqueous phase 0.1% TFA in water over 1.4 minutes, hold at 95%
acetonitrile for 0.1 min, 0.5 mL/min, 55° C (“90 sec method”). Samples were separated on a
Waters Acquity UPLC BEH C18 colunn (1.7 um, 1.0 x 50 mum) at 0.5 mL/mun, with column
and solvent temperatures maintained at SS °C. The DAD was set to scan from 190 to 300 wm,
and the signals used were 220 run and 254 nm (both with a band width of 4um). The MS detector
was configured with an electrospray 1onization source, and the low-resolution mass specira were
acquired by scanning from 140 to 700 AMU with a step size of 0.2 AMU at 0.13 cycles/second,
and peak width of 0.008 mmutes. The drying gas flow was set to 13 liters per munute at 300 °C
and the nebulizer pressure was set to 30 psi. The capillary needle voltage was set at 3000V, and
the fragmentor voltage was set at 100V, Data acquisition was performed with Agdent
Chemstation and Analytical Studio Reviewer software.

a. Preparation of Intermediates

N 2N o IPA, 105 °C,
T v Hs I o MW, Z0min
P
NTOTCH KGO

{80271] Ethyl S-amine-3,4-dimethylthieno{2,3-c]pyridazine-6-carboxyiate {A). Toa 20

ml microwave vial was added 3-chloro-5,6-dimethyl-pyridazine-4-carbonitrile (1. 20 g, 7.16
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mmol}, potassium carbonate {1.98 g, 14.3 mmeol}, IPA {15 mb), and ethyl thioglycolate (0.87
mb, 7.88 mmol}. After 20 min at 105 °C in the microwave reactor, the reaction was cooled to
room temperature, and added to water (150 mL). The solids were filtered, washed with water
{3+ and dried to yield A (1.42 g, 79% yield). ES-MS [M+1]": 252.2; 'H NMR (400 MHz,

CDCE) 8 6.18 (s, 2H), 4.41 (q,J = 7 Hz, 2H), 2.85 (s, 3H), 2.77 (s, 3H), 1.44 (1, J= 7.12 Hz,

3H).
N,
? o Formamide, \E“"’""\
= o
| N % 150°C, 2.5 brs
I
N S G \\ N /
H Ny
AcOH
A 23

[00272]  34-Dimethylpyrimido]d',5 4, Sithieno|2.3-clpyridazin-8-01 (B). A solution of A
{1.41 g, 5.61 mmol) in formamide (10 mL, 252 mmol) was heated n an open vessel to 150 °C.
To the reaction was added formamidine acetate {(1.75 g, 16.8 mmol}. At 150 °C, formamidine
acetate {1.75 g, 16.8 mmol) was added to the reaction every 30 min over 2.5 hrs. The reaction
was removed from the heating mantle and diluted slowly with cold water. The solution was
partially concentrated iz vacuo. The residue was diluted with water, and solids were filtered and
washed with water (3x), and dried overnight in 2 vacuum oven. The filtrate was partially
concentrated in vacwo and diluted with water. Solids were filtered, washed with water {(3+) and
dried. The solids were combined to yield B (877 mg, 67% vyield). ES-MS [M+1]": 233.2; 'H
NMR (400 MHz, d6-DMSO) § 8.48 (s, 1H), 2.98 (s, 3H), 2.80 (s, 3H).

:,.\ POCH, 150 °C, N==\
\r MW, 45min Ry 5{\‘
Noy#~g" o
B c

802731  &8-Chlore-34-dimethylpyrimido{4’,5":4,5 thieno[2,3-~clpyridazine (C). Toa
suspension of intermediate B (3.0 g, 11.6 mmoly m 1,2-dichloroethane (58 mlL} was added

triethylamine (2.4 mlL, 17.4 mmol) followed by the slow addition of phosphorus oxychloride (35
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mb., 375.5 mmol}. The reaction mixture was heated to reflux. After 16 hours, the reaction
mixture was cooled to rt and concentrated under vacuum. The residue was suspended in DCM
{150 mL} and triethylamine (5 mL} was added. The resulting solution was filtered to remove
msoluble phosphate salts. The filtrate was concentrated under reduced pressure to vield a dark
brown residue which was purified using flash chromatography on silica gel {0-50%
FtOAc/DCM) to yield the title compound {1.63 g, 56% yield). ES-MS [M+1]": 251.0; 'H NMR
(400 MHz, DMSO-ds) § 9.33 (s, TH), 3.02 (s, 3H), 2.83 (s, 3H):, PC NMR (100 MHz, CDCl) &
1624, 1575 157 1, 1558, 1346, 1362, 1329, 1272, 199, 143,

¥

NH
gr NHAC b
0 - O
CuBry, tRUONO \(L\r%_,\(/\ """ ’ FTN N
B R REREERERERER.
Ney? s o s o
H

N N
MeCN Pd(OAc), TEA

3N HCI (ag)

1.4-dioxane
PN 7N m\
N POCIS, raflux N NH,OH )
a/\\“ <§—' L N
s. f,;‘L‘\S N\N‘/ S/ OH 1000
K 3 ;

{00274] Ethyl 5-bromo-3,4-dimethylthieno|2.3-clpyridazine-6-carboxylate (G). Toa 250
mE round bottom flask equipped with a metal stir bar were added compound A {38 ¢, 151
mmol} and MeCN (25 mL} at 23°C. A solution of cupric bromide (1.69g, 7.6 mmol} and rert-
butyl nutrite {2.53 mL, 21.2 mmol) in MeUN (20 mL) was slowly added via addition funnel over
20 min. After addition, the reaction stirred at 23 °C for 1.5 hr. The reaction was poured mto 500
mb water and vigorously stirred. The suspension was vacuum filtered, and washed with water
(~1000 mL). The solids were isolated and dried by high vacuum to give the title compound (3.12
g, 66% yield). ES-MS [M+1]" 316.0.
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{00275 Ethyl (E3-5-(Z-acetamidovinyl}-3.4-dimethyithiene{2,3-clpyridazine-6-
carboxviate (H}. To a 20 mL microwave vial containing a heterogeneous mixture of compound
G (0,50 g, 1.59 mmol}, N-vinviacetamide {0.68 g, 7.93 mmeol} and triethviamine (1.05 mb, 7.93
mmol} in DMF (8 mL} was bubbled nitrogen gas. After 2 min of mitrogen exposure, palladium
acetate {36 mg, 0.152 mmol} and tri{o-tolvhphosphine (97 mg, 0.317 mmol) were added and the
vial was immediately capped and subjected to microwave irradiation for 20 min at 130 °C. The
reaction was diluted with water and extracted with Et0OAc (3x). The combined organics were
washed with water (4x), brine, dried over MgSQy, filtered, and concentrated. The crude sample
was taken up m DCM and purified using normal phase column chromatography (1-10%

MeOH/DCM) to afford the desired product (0.73g, 49% yield). ES-MS [M+11": 320.2.

{80276]  3,4-Dimethyl-88H-pyrano4',3":4,5]thiens{2,3-cipyridazin-8&-one (§}. Toa 20 mL
microwave vial containing compound H (0325 ¢, 1.02 mmol} and 1,4-dioxane (3 mL} was

added 3N HC1 solution (6.8 mL, 20.3 mmol). The vial was capped and subjected to microwave
irradiation for 20 min at 150 °C. The reaction was concentrated and azeotroped with methanol

(3%} to give the title compound (83 mg). ES-MS [M+1]": 233.2.

602771 3.4-Dimethylpyride{4',3':4,5]thieno{2,3-clpyridazin-8-0l (J}. Toa S0 mL
reinforced pressure vessel containing compound ¥ (330 mg, 1 42 mmol) was added ammonium
hydroxide (2.77 mL, 71.0 mmol, 28-30% NH; basis). The vessel was capped and heated to 100
°( for 1.5 hr. The sample was transferred to a flask using DCM/MeCOH and concentrated to
dryness {azeotroped with methanol, 2 x 100mL)}. The crude residue was sonicated i [PA and

filtered to give the title compound (235 mg). ES-MS [M+117: 2323

{80278] 8-Chlors-34-dimethylpyrido|4’,3":4 5thieno|2,3-cjpyridazine (K}, Toa Z0mL
microwave vial containing compound § (249 mg, 1.08 mmol} was added phosphorous (V)
oxychloride (10.0 mL, 108 mmol). The vial was capped and subjected to microwave trradiation
for 30 nun at 150 °C. The sample was transferred to a flask and concentrated to dryness. The
crude solid was basified with neat triethvlamine until pH >8. The aqueous suspension was
extracted with DCM (3x). The combined organics were passed through a hydrophobic phase

separator, rinsed with DCM, and concentrated to give the title compound. ES-MS [M+1]": 250.2.
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{00279 6-(2-Methoxyethoxynicotinonitrile (L). To a solution of sodium hydride (60%
dispersion m muneral oil) (866 mg, 21 7 mmol) in DMF (48 mL) at 0 °C was added 2-
methoxyethan-1-ol (1. 71 mi, 21.7 mumol}. After 20 mmutes, a solution of 6-
chloronicotinonitrile (2.0 g, 14.4 munol) 10 10 mL of DMF was added and the nuxture was
allowed to warm to room temperature, then heated to 50 °C for 18 hours. The nuxture was
cooled to arobient temperature then slowly added to water and extracted with EtOAc (5%}, The
organics were combined, washed with brine, dried (MgSQu4), filtered, and

concentrated. Purification using normal phase column chromatography (0-20% EtOA¢/DCM)
gave 1.6 g of title compound. ES-MS [M+11" 179; 'H NMR (400 MHz, CDCL) 8 8.46 (dd, J =
24,08 Hz 1H), 778 {dd, /=87, 23 Hz, 1H), 688 {dd, /=87, 0.8 Hz, 1H}, 457 ~4.50 {m,
2F1), 3.78 -~ 3.71 (m, 2H), 3.44 (s, 3H).

[80283]  (6-(2-Methoxyethoxypyridin-3-yvlimethanamine (M). To a degassed solution of 6-
{Z-methoxyethoxyymecotinonitrile (1.6 g, 8.99 mmol} in ethanol (36 ml) and ammoniom
hydroxide {12 mL) was added Raney™ Nickel (1.2 g, 20.6 mmol). The reaction vessel was
evacuated under vacuum and the atmosphere was replaced with hydrogen (3%, balloon}. The
mixture was stirred at ambient temperature for 7 hours then carefully filtered over Celite™ and
rinsed with MeQOH. The filtrate was dried (MgSO4), filtered, then concentrated under vacuum to
afford 1.47 g of title compound. ES-MS [M+1]" 183; '"H NMR {400 MHz, CDCL:) 8§ 8.04 (d, /
=2.4 Hz, 1H), 7.56 (dd, J= 8.5, 2.5 Hz, 1H), 6.79 (d, /= 8.4 Hz, 1H), 4.50 — 4.40 {m, 2H), 3.80
(s, 2H), 3.76 — 3.67 (m, 2H), 3.44 (s, 3H).

o HO™ O\‘/ o -< . ‘<
N= QC‘ «» — /——/ __________ B MS s = /_/
M NaM, DMF NTQQ . HAN’_@O

[00281] &-(2-Isopropoxyethoxynicotinonitrile (N}, To a reaction vessel under mert

atmosphere was added sodiur hydride {60% 1u muneral oil) (43 mg, 1.08 mmol}. To the reaction
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was added DMF (1.2 mL}. At 0 °C, a solution of 2-isopropoxyethan-1-0 (113 mg, 1.08 mmol) in
DMF (0.6 mL) was added to the reaction dropwise. After 20 minutes, a solution of 6-
chloronicotinonitrile {100 mg, 0.722 mmol) in DMF (0.6 mL} was added to the reaction mixture.
The ice bath was removed and the reaction was allowed to warm to room temperature. The
reaction was heated to 50 °C. After 16 hours, water was added to the reaction and the reaction
was extracted with EtOAc. The orgamic layer was washed with Ho(} (3%}, The organic layer was
washed with 1 M NaOH aqueous solotion, dried with NaxSQu, filtered, and concentrated to give

the title compound (133 mg). ES-MS [M+1]": 207,

{00282] (6-(Z-Isepropoxyethoxyipyridin-3-viimethanamine (). To a solution of 6-(2-
isopropoxyethoxynicotinonitrile {133 mg, 0.647 mmol} i THF (3 mL) at 0 °C was added
borane dimethyisuifide (1.29 mL, 2.59 mmol} dropwise. The mixture was warmed to room
temperature. After 4 hours, the muoxture was slowly added to a solution of ethanol at 0 °C. After
an additional 15 minutes at 0 °C, the ice bath was removed. The reaction mixture was
concentrated. The residue was dissolved in Me(OH and purified by a SCX cartridge, eluting with
MeQOH solution, followed by flushing the SCX cartridge with NHa/MeOH (7N) to give the title
compound {50 mg). ES-MS [M+1]": 211

N TRY
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{00283] 6-2-(Cyclopentyloxy)ethoxynicotinonitrile (P). Prepared 1n a similar manner to

Intermediate N. ES-MS [M+1]" 233

[00284] (62~ Cyclopentyloxylethoxy)pyridin-3-yhmethanamine (). Prepared ina

similar manner to Intermediate . ES-MS [M+171": 237,
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{00285]  6-(2-({Tetrahydro-2H-pyran-2-yl}oxy)jethoxynicotinonitrile (R}, Prepared ina
similar manner to Intermediate N. ES-MS [M+11": 249; 'H NMR {400 MHz, DMSQ) & 8.69 (dd,
J=24,08Hz 1H), 815(dd, /=87 24 Hz 1H},703(dd, /=87, 08Hz, 1H},463(1,./7=37
Hz, 1H), 4.56 —4.41 (m, 2H), 3.98 — 3 .88 (1u, 1H}, 3.80-3.68 (m, 2H), 3.47 - 3.37 (m, 1H)},
175 =155 (m, 2H), 1.55 - 1.36 {m, 4H).

100286] (6-(Z-{{Vetrahydro-2H-pyran-2-yhioxy)ethoxyipyridin-3-ylimethanamine (5).

Prepared in a simular manner to Intermediate @, ES-MS [M+17": 253,

NE= C?\{\/"CE ey /_]Q Raney Ni N f““"/\
NaH, DMF N—Q\P}O " WA

[00287] 6-(2-Hydroxy-2-methyipropoxynicotinonitrile (T). Prepared 10 a sinular manner to
Intermediate W ES-MS [M-OHJ" 175 'H NMR (400 MHz, CDCL)Y 5847 {dd, J= 2.4, 0.8 Hz,
1H), 781 (dd, /=87, 24 Hz, 1H), 689 (dd, J=87, 08 Hz, 1H), 272 (t, J=57Hz, 2H}, 1.34
{s, 6H}.

[00288] 1-{({(5-(Aminomethylipyridin-2-yhoxy)-2-methylpropan-2-ol (U). Prepared ina

similar manner to Intermediate B ES-MS [M+11": 197

N - HO\«A ~ N ~
Sy OTEDMS 3 “~
| /J\C NaH, P o~ Ot
‘ DME, 0 °C
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{00289 6-(2-Hydroxyethexynicotinonitrile. To a solution of sodium hydride (60%
dispersion in mineral oil} (433 mg, 10.8 mmol} i DMF {20 mbL ) at O °C was added dropwise a
solution of Z-{{tert-butyldimethylstyvljoxy)ethan-1-of (2.12 mL, 10.8 mmol} in DMF {10 mL).
The mixture was stirred 20 mimutes, after which a solution of 6-chloronicotinontrile (1.0 g, 7.2
mmol} it DMF {5 mL) was added at 0 °C. The mixture was allowed to warm to ambient
temperature then heated to 5 °C for 18 hours. The mixture was slowly added to water and
extracted with EtOAc {5 x 100mL}. The organics were combined, washed with brine, dried
{(MgS0O4), filtered, and concentrated. The material was purified using normal-phase
chromatography on silica gel (0-6% MeQH/DCM) to give title compound {726 mg). 'H NMR
{400 MHz, CDCL) 3847 (dd, /=24,08Hz, 1H), 780 (ddd, /=87,3.6, 23 Hz, 1H), 688
(dd, /=87, 08 Hz, 1H), 456 —-4.49 (m, 2H), 3.98 (g, /=4 .9 Hz, 2H); ES-MS [M+1]" 165,

S S CO4, Nat \\Ej\i
Pyl J '
//J\\O,/\\/,OE { OME s D/\VOCD3

{00290]  6-(2-(Methoxy-ds)ethoxynicotinoniirile. To a solution of sodium hydride (60%
dispersion i muneral o} (212 myg, 5.30 mmol) in DMF (12.6 mL) at 0 °C was added dropwise a
solution of 6-(2-hydroxyethoxy nicotinontirile (726 mg, 4.42 mmol) in DMF (6.3 mL)}. The
nmuxture was stirred 20 minutes, after which a solution of 1odomethane-ds (413 pL, 6.63 mmol) in
DMEF (3.2 mL) was added at 0 °C. The muxture was allowed to warm to ambient temperature
then heated to 50 °C for 18 hours. After cooling to room temperature, the nuxture was slowly
added to water and extracted with EtOAc (3 x 100 mL). The organics were combined, washed
with brine, dried (MgSQOu), filtered, and concentrated. The material was purified using normal-
phase chromatography on silica gel (0-30% FtOAc/Hex) to give title compound (344 mg). 'H
NMR {400 MHz, CDCl:) § 8.47 (dd, /=23, 0.8 Hz, 1H), 7.78 (dd, J=18.7, 2.4 Hz, 1H), 6 88
{(dd, /=87, 0.8 Hz, 1H), 462 — 425 {m, 2H), 3.83 — 3.58 {m, 2H); ES-MS [M+1]": 182,

N

2
~ |/”\\¢N Raney nickel, Hyy, HzN‘A\T'/R\““N
0D =\y[\@/\v’ OCDs

EtOH/MNH,OH
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{00281]  (6-{Z2-{Methoxy-ds)ethoxy)pyridin-3-yl)methanamine, To a solution of 6-(2-
{methoxy-d:jethoxynicotinonitrile {65 mg, 0.29 mmeol} in ethanol (1.2 mL} and ammonium
hydroxide (395 uL, 2.53 mmol) was added Raney® nickel (40 mg, 0.67 nmumol). The reaction
was placed under a hydrogen atmosphere {(balloon) and stirred at ambient temperature for 18
hours. The reaction was carefully filtered over Celite®, rinsed with MeOH and the filtrate was
dried (MgSQ4), filtered, then concentrated. The residue was then dissolved i MeOH and loaded
onte a SCX-cartridge {HF bond). The cartridge was washed with MeOH and eluted with 7N
NH: in MeOH to afford title compound (47 mg). 'H NMR (400 MHz, CDCE)} 8815 - 7.93 (i,
1H), 7.57(dd, J=8.5,2.5Hz, 1H), 6.79(dd, /= 8.5, 0.7 Hz, 1H), 4.60 — 4.29 (m, 2H), 3.80 (s,
2H), 3.78 — 3.70 (m, ZH); ES-MS [M+17": 186

DD
N
\/%N Raney nickel, D,{g) HoN ]/‘\\‘“N
’\;9[\ o000 PN o 00D

EtOH/NH,OH

[00292] (6-(2-(Methoxy-dz)ethoxypyridin-3-ylimethan-d;-amine, To a solution of 6-(2-
{methoxy-dsjethoxynicotinonitrile (175 mg, 0.79 mumol) 1 ethanol (3.2 mL) and ammmonium
hydroxide (1.1 mL, 6.82 mmol) was added Raney® nickel (106 mg, 1.81 mmol}. The reaction
was placed under a deuterium atmosphere (balloon) and stured at ambient teroperature for 18
hours. The reaction was carefully filtered over Celite®™, rinsed with MeOQOH and the filtrate was
dried (MgSQu4}, filtered, then concentrated. The residue was then dissolved in MeOH and loaded
onto a SCX-cartridge (HF bond}. The cartridge was washed with MeOH and eluted with 77
NHs in Me(H to afford title compound (141 mg). ES-MS [M+1]": 188,

D] /D
OH
{ o HO ! BN
U 5D U 5D
P L OH
c KOH, 16-Crown-8 O’%{
{oluene, reflux DD

{00293]  2-{{5-ledopyridin-2-yijoxyjethan-1,1,2,2-ds-1-el. A solution of Z-chloro-53-
iodopyridine {500 mg, 2.09 mmol}), 18-Crown-6 (221 mg, 0.84 mmol}, potassium hydroxide (239

mg, 4.18 mmol) , and ethane-ds-1,2-diol (641 uL, 11.5 mmol} were dissolved in toluene (105
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mb} and stirred under reflux for 18 h. The reaction was concentrated and purification using
~

normal phase column chromatography (20-40% EtOA¢/DUM) provided the title compound {282

mg). ES-MS [M+11": 270.

! " !
\;T/‘“N oD NaH, CDyf \@ 5D
\\%L\O&QH THE 0 °C = O)S(OCD:%

DD 0D

[00294] S-Iode-2-(2-(msthoxy-dsjethoxy-1,1,2,2-djpyridine. To a solution of sodium
hydride (60% disperston m mineral oil) (42 mg, 1.04 mmol} i THF (2.6 mL) at 0 °C was added
a solution of 2-{{5-10dopyridin-2-yhoxylethan-1,1,2.2-ds-1-01 (140 mg, .52 mmol) in THF (2.6
mb}. The mixture was stirred for 10 sunutes at 0 °C then warmed to room temperature and
stirred for an additional 30 minutes. Iodomethane-dh (39 puL, 0.62 mmeol} was added to the
solution. After 18h, additional 1odomethane-~ds {32.6 uL) was added and the mixture was heated
to 50 °C for 18 h. The mixture was cooled to ambient temperature, added to water, and extracted
with EtOAc (3x). The combined organic lavers were dried (MgSQ4), filtered, and

concentrated. Purification using normal phase column chromatography (0-40% EtOAc/Hexanes)

afforded the title compound (135 mg). 'H NMR (400 MHz, CDC3y 8831 (dd, J=2.4, 0.7 Hz,

1H), 778 (dd, / = 8.7, 2.4 Hz, 1H), 6.65 (dd, J= 8.7, 0.7 Hz, [H); ES-MS [M+17" 287.
E\(%N DD Nak, Mel E@\ .
| //’/L\Q&OH Sp— P O&‘OMG
DD g D

{00285]  S-lode-2-(2-methoxyethoxy-1,1,2,2-ds)pyridine. Prepared in a sinular manner as 5-
10d0-2-(2-(methoxy-d3 Jethoxy-1,1,2,2-dpyridine. 'H NMR (400 MHz, CDCL) §8.31 (dd, /=
24,07 Hz 1H}, 778 {dd, /=87 24 Hz, 1H}, 6.65(dd, /=87, 0.7 Hz 1H), 3.43 (5, 3H); ES-
MS [M+177 284

| N
NP oCD, oniE 178 G Py 0T
7
0D oD
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{00296]  6-(2-(Methoxy-dsjethoxy-1,1,2,2-dnicotinonitrile. To a microwave vial was added
5-10do-2-(2-{methoxy-di)ethoxy-1,1,2, 2-dijpyriding (135 me, 0.47 mmol), PA(PPhal (55 mg,
0.05 mmol}, zinc cvanide {55 mg, 0.47mmol}, and DMF (3 mL}. The vial was sealed and
microwave irradiated for 15 nunutes at 175 °C. The reaction mixture was cooled to ambient
temperture, difuted with water and extracted with EtOAc (3x). The organic layers were pocled
and dried (MgSQu), filtered, and concentrated. The material was purified using normal-phase
chromatography on sifica gel (0 - 30% EtOAc/Hex) to give title compound (25 mg). 'H NMR
{400 MHz, CDCL) 3846 (dd, /=23, 08Hz, 1H), 7.78(dd, /=87, 24 Hz 1H), 688 (dd, .7 =
8.7, 0.8 Hz, 1H); ES-MS [M+1]": 186,

| Nax
SN pop Zr(CN);, PA(PPho), \CN 3%
E r
= G,\QXOMe oE 1750 ‘/’L\o &,OM@

0D B D

{00297 6-(2-Methoxyethoxy-1,1,2.2-dsnicotinonitrile. Prepared in a simular manner as 6-
{2-{methoxy-ds)ethoxy-1,1,2, 2-da}nicotinonitrile. "H NMR (400 MHz, CDCL) 8846 {dd, J=
23,08Hz 1H), 7.78(dd, /= 8.7, 2.4 Hz, 1H}, 6.88 (dd, /= 8.7, 0.8 Hz, 1H); ES-MS [M+1]"
183

N

o
\\\\\Tl’/N\\N 0D Raney nickel, Hag, HN E/\\\\N -
\/7(\ )S\/OCD;; L &OCD;;
© E1OH/NH,OH o
0D o0

[00288]  (6-(2-{Methoxy-&sethoxy-1,1,2,2-ds ) pyridin-3-yDmethanamine, Prepared ma
similar manner as (6-(2-{methoxy-dsYethoxy }pyridin-3-yDmethan-dr-amine. ES-MS [M+1]":
190; 'H NMR (400 MHz, MeOD) 8807 (dt, /=25, 0.7 Hz, 1H), 7.70 (dd, / = 8.6, 2.5 Hz, 1H),
6.80(dd, /=85, 0.8 Hz, 1H}, 3.75 (s, 2H}.

::\ : H P
| \‘\,“ O Raney nicksl, Hagg HoN | N DD
> O)S(C'JM@ = O)S(OMe

FLOH/NH,OH
oD 5D
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{00299]  (6-{2-Methoxyethoxy-1,1,2,2-do)pyridin-3-yhmethanamine. Prepared in a similar
manner as (6-(2-(methoxy-ds Jethoxy Jpyridin-3-ylymethan-do-amine. ES-MS [M+1]" 187, 'H
NMR {400 MHz, MeOD) § 8.07 (4, J= 2.4 Hz, 1H), 7.70 (dd, J= 8.5, 2.5 Hz, 1H), 6.80(d, J =
8.5 Hz, 1H), 3.76 (s, 2H), 3.40 (s, 3H).

M
o Y
~ O NaH ¢ N
l /i O or = C)/\‘[ro\./’
ol 0 i

[0030606] Ethyl 2-((S-cyanopyridin-2-yvijoxyjacetate, To a solution of sodium hydride (60%

N

dispersion m mineral oil; 217 mg, 5.41 mumol) m DMF (12 mL) at 0 °C was added ethyl 2-
hydroxyacetate (312 ul., 5.41 mmol). After 20 nun, a solution of 6-chloronicotinonitrile (500
mg, 3.61 mynol) 10 DMF (11ul.) was added and the ice bath was removed. The reaction mixture
was heated to 50 °C. After 18 h, the mixture was slowly added to water and extracted with
EtOAc (3x). The organic layers were combined, washed brine, dried (MgSO4), filtered, and
concentrated. The crude residue was purified using reverse phase HPLC (5-40% MeCUN/ 0.1%
aqueous TFA}. The fractions contamming desired product were basified with sat. NaHCGOs then
extracted with 3.1 chloroform/IPA (3x}. The combined organics were passed through a phase
separator and the solvents were concentrated to give the title compound (184 mg).'H NMR (400
MMz, CD () 6844 (dd, /= 23,08 Hz, 1H), 784 (dd, /=87, 23 Hz, 1H), 697 (dd, J=87,
0.8 Hz, 1H), 4.94 (s, 2H), 424 (q, J = 7.1 Hz, 2H), 1.28 (1, 7 = 7.1 Hz, 3H). [M+1]" 207.1.

Na
\\*‘\\q/‘*\*N Raney Ni HgN | N
U o & NH,
\/l\o/\ﬂ/ > NH,OHIEIOH (31) oY
6

{00361} 2-((5-(Aminomethyl)pyridin-2-yl)exy)acetamide. To a degassed solution of ethyl 2-
[(5-cvano-Z-pyridinylloxylacetate (184 mg, 0.89 mmol} in EtOH (2.2 mL) and NH«OH (0.70
mk, 446 mmol} was added Raney Ni (120 mg). The reaction was purged with hvdrogen gas (1
atm) and stirred at 11, After S h, the reaction was carefully filtered over Celite®, rinsed with

MeOH and the filtrate was dried (MgSQOs), filtered, then concentrated. The matenal was purified
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using an SCX cartridge {(HF bond), loaded and washed with MeOH, eloting with 2N NHz in

MeOH. The eluant was concentrated down to afford the title compound. [M+11" 211.1.

N/’

\ )\f/ o N Ef”\\m DIEA
M%& .

L N.“‘.Z
o DMF, 50 °C

N=N o

~S _NHy

{80302  2-{(5-({(3.4-Dimethylpyrimido{4’,5':4,5] thieno|2,3-¢|pyridazin-8-
vhaminoymethylpyridin-2-vhoxylacetamide, A mixture of N N-dusopropyvlethylamine (018
mi, 0.96 mmol} and 8~chloro-3,4-dimethylpyrimidol4', 54, 5 ithieno[2,3~c]pyridazine (60 mg,
0.24 mmol} and ethy] 2-[[S-(aminomethy)-2-pynidinyljoxylacetate (92 g, 0.26 mamol} m DMF
{1 mL) was stirred at 50 °C for 20 h. To the reaction muxture was added DMF (2.4 ml}, the
nuxture was filtered and purified using reverse phase HPLC (20-50% MeCN/ 0.1% aqueous
TFA). The fractions were concentrated to afford the title compound (13 mg). 'H NMR (400
MHz, CDCL) 0 8.84 (s, 1H), 828 -8.23 (m, 1H), 7.75(dd, /=85 25Hz 1H), 6.85({d, /=84
Hz, 1H), 631 (s, 1H), 523 (s, 1H), 487 (d, .J== 5.8 Hz, 2H), 4 85 (5, 2H), 3.09 (s, 3H), 2.88 (s,
38, [MHL]T: 3963,

b, Exemplified compounds of the invention

N
\\v’»\\«—”g\ /1 \\T A \ —<

O F Nag? e HN
______ . "
HN Ny © DIEA, NAP, M=t

700 C

/O\/ \O

(B0303] N-({6-(2-Methoxyethoxy pyridin-3-yhmethyl}-3.4-
dimethylpyrimido]4',5":4,5thieno[2,3-¢]pyridazin-8-amine (Compound 1}, A muxture of 8-
chloro-3,4-dimethylpyrumudof4', 3" 4, S jthieno[ 2, 3-clpynidazine (15 mg, 0.06 mmol), (6-(2-
methoxyethoxy ypyridin-3-yDmethanamine (13 mg, 0.072 mmol)}, and ¥ N-dusopropylethylamine
{63 uL, 0.36 mmol} m NMP (300 pL.) was heated at 70 °C for 18 hours. The reaction was

cooled to ambient temperature and purified by RP-HPLC (10-55%% ACN/0.1% aqueous TFA).
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The fractions contamning desired product were basified with saturated NaH{U (s and extracted
with 3:1 chloroform/IPA (37). The collected organic lavers were passed through a hvdrophobic
phase separator, and concentrated to afford the title compound. ES-MS [M+11": 397, '"H NMR
{400 MHz, DMSQO} 6 876 - 8.08 (m, 2H}, 8.19{(dd, /=25 0.7 Hz, 1H), 774 (dd, /=85, 2.5
Hz, 1H), 6.80 (dd, J = 8.5, 0.8 Hz, 1H), 4.71 (d, J = 5.7 Hz, 2H), 4.37 — 4.30 {m, 2H), 3.66 —
3.59 (m, 2H), 3.27 (s, 3H), 3.02 (s, 3H), 2.78 (5, 3H).

N==y

E - N

N O
Y N e’ .
%‘,»4 e

u“"\v‘o DIEA, DMSO

ST a)
vy

> 70° ¢

180304] N-({6-(2-Isopropoxyethoxy)pyridin-3-ylimethyi}-3.4-
dimethylpyrimido]4',5":4,5]thieno[2,3-¢]pyridazin-8-amine (Compound 3). A mixture of (6-
{2-1sopropoxyethoxy ypyridine-3-yhmethanamine {50 mg, .24 mmol}, 8-chloro-3,4-
dimethylpyrimudo[4',5"4, Slthieno[2,3-clpyridazine (46 mg, 0.18 mmol), and N NV-
disopropylethylamine (136 yL, 0.74 mmol} 10 BMSO (1.5 mL) was heated to 70 °C for 2 hours.
The reaction muxture was purified directly via RP-HPLC (15-55% MeCN mn 0.1% aqueous
TFA). The fractions contaiming product were basified with saturated NaHCO: sohution, extracted
with DCM, and concentrated to give the title compound (42 mg). ES-MS [M+1]": 4253, 'H
NMR (400 MHz, DMSOY 8872 (5, 2H, 319 (dd, /= 2.5, 0.8 Hz, 1H), 774 {(dd, J= 8.5, 2.5 Hz,
1H), 6.80 (dd, /= 85,07 Hz, 1H), 470 (d, /=57 Hz 2H), 434 - 427 {m, 2H), 3.69 - 3.62 {m,
2H), 3.58 {p, J=6.1 Hz, 1H), 3.00 (s, 3H)}, 2.77 (s, 3H)}, 1. 08 (d, J = 6.1 Hz, 6H).

N== Nz

NN .N / N
\T!/ %— 4 i
Ney @ g —<Ci NE 4\
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{80385]  N-({6-(2-(Cyclopentyloxyjethoxy)pyridin-3-yhmethyl}-3,4-
dimethyipyrimido{4',5":4,5]thieno|2,3-c|pyridazin-8-amine (Compound 7) was prepared in a
similar manner as Compound 5. ES-MS {M+1]" 451.3; '"H NMR (400 MHz, DMSO)§8.72(d, J

26Hz ZH}, 8 19(dd, /=25 07Hz 1H), 774 (dd, /=85, 25 Hz 1H), 680(dd, /J=8507
Hz 1H), 470(d, /=58 Hz 2H), 433 -4.27 {m, 2H}, 391 (ddd, /= 59,35, 2.5 Hz, iH}, 3.66
—~3.59 (m, 2H}, 3.01 {s, 3H)}, 2.77 {s, 3H), 1.70 — 1 40 {m, 8H).

D \i{‘i

HoN N~y o ’N::\N
p>/w§\N | . \/S\.ﬁ/(
\-::-" " N.,

DIEA, DMSO Neg® s HNS
O a 70° Y
N\ =
™\ -
\f’/ ™ _on

{80306] 2-((5-{{{3,4-Dimethylpyrimido[4’,5:4, 5| thieno|2,3-c|pyridazin-§-
vijaminoymethylipyridin-2-yhoxyjethan-1-ol {Compound 8) was prepared n a similar manner
as Compound 5. ES-MS [M+11" 383.2; 'H NMR (400 MHz, DMSO) § 872 (d, J = 3.4 Hz, 2H),
819(d, /=24 Hz 1H),7.74(dd, J=835,2.5Hz 1H}, 6.79(d, /= 8.5 Hz, 1H), 480 (s, 1H)},
470(d, J=57THz 2H) 423 (dd, /=58, 46 Hz, 2H}), 3.68(d, /= 52 Hz, ZH), 3.01 (5, 3H},
2.78 {s, 3H).

N"\
L =
N S Ci Ny N
!,“ e

HoN- / s - \",, 7
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[80307]  1-{((5-{{3,4-Dimethylpyrimido[4’,5:4, 5| thieno|2,3-c| pyridazin-§-
vijaminoymethylipyridin-2-yhoxy)-2-methylpropan-2-ol {Compound 18} was prepared na
similar manner as Compound 5. ES-MS [M+1]" 411.4; 'H NMR (400 MHz, DMSQ0) 6 8.72(d,
J=39He 2H), 818{d, J=24Hxz, 1H), 773 (dd, J=8.5, 2.5 He, 1H}, 6.830{(dd, /=85,038
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Hz, 1H), 471 (d, J= 5.7 Hz, 2H), 4.59 (s, 1H), 4.00 (5, 2H), 3.02 (5, 3H), 2.78 (5, 3H), 1.16 (5,

6H).
HoN ("*N .
= /;’l\ONOCDg NN
R o
N. e _— ™ s H
W DIEA, DMSC, 75 °C Ny \%\Q/\/OCDE

[00368]  N-({6-(2-(Methoxy-dijethoxypyridin-3-yhmethyl}-3,4-
dimethyipyrimido{4',5:4,5]thieno [2,3-clpyridazin-8-amine (Compound 11} A muxture of 8-
chloro-3,4-dimethylpyrumudof4’, 3" 4, S jthieno[ 2, 3-clpynidazine (76 mg, 0.30 mmol), (6-(2-
{methoxy-dsethoxypyridin-3-yhimethavamine (47 mg, 0.25 nunol), and NNV~
dusopropylethylamine (265 pL, 1.52 mmol} in BMSO (1.3 mL) was heated at 75 °C for 4 hours
then cooled to ambient temperature. The mixture was filtered and purified via RP-HPLC (15-
65% ACN/ 0.05% aqueous NHsOH) to afford title compound (52 mg). "H NMR (400 MHz,
DMSO} 8 8.73 (m, 2H), 8.19(d, /=24 Hz, 1H), 774 {dd, /= 8.5, 2.5 Hz, 1H}, 6.80{(dd, J =
8.5, 08 Hz iH}, 471 {d, J=57Hz, 2H), 437 - 430 {m, 2H), 3.66 - 3.59 {m, 2H}, 3.02 (s, 3H)},
278 (s, 3H);, BES-MS [M+11" 400,

0D
e X
N, S /T\ 0CD NN oo
N < Q’f\\/’ <=3 '\ il
A 28R
. ‘ - ; EYa \Y ! £ .
N R DIEA, DMSO, 75 °C Nen” L\?”A\O"”‘VOC%

{00309 N-((6-(2-(Methoxy-ds)ethoxypyridin-3-yhmethyl-d2}-3,4-
dimethyvipyrimido[4',5:4,5] thieno|2 3-clpyridazin-8-amine {Compound 12}, A muxture

of 8-chloro-3 4-dimethylpyrimdo[4', 574, 5{thieno [2,3-clpyridazine (225 mg, 0.90 mmol)}, (6-(2-
{methoxy~d3)ethoxypyridin-3-yhmethav-dz-anune (140 mg, 0.75 mmeol), and NN-
disopropylethylamine (748 uL, 4.49 mmol} in BMS0 (3.7 mL) was heated at 75 °C for 4 hours
then cooled to room temperature. The mixture was filtered and purified via RP-HPLC (15-65%
ACN/ 0.05% agueous NH4OH) to afford title compound (87 mg). 'H NMR (400 MHz, DMSO)
8873 (s, 1H), 871 (5, 1H), 8.19(dd, /=25, 0.8 Hz, 1H), 7.74 (dd, J = 8.5, 2.5 Hz, 1H), 6.80
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(dd, J= 8.5, 0.8 Hz, 1H), 437 — 4.30 {m, 2H), 3.66 — 3.59 {m, 2H), 3.02 (s, 3H), 2.78 (s, 3H):;
ES-MS [M+1]: 402,

A=
N
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{80318} 8-Chloroe-N-{{6-(2-methoxyethoxy)pyridin-3-yHmethyl}-7.9-
dimethyipyrido[3',2:4,5]thieno[3,2-d]pyrimidin-4d-amine (Compound 13}, A mixture of {6-
{Z-methoxyethoxypyridin-3-ymethanamine {29 mg, 0.07% mmol}, 4,8-dichloro-7,9-
dimethylpyrido{3',2"4,Sithieno{3, 2-d]pyrinudine (15 mg, 0.053 mmol) }Reference: WO
2017223296, and N, N-dusopropylethyvlamine (39 ul., 0.21 mmol} in DMF (6.5 mL} was heated
to 50 °C for 16 hours. The reaction mixture was purified directly via RP-HPLC (34-74% MeCUN
in 0.1% aqueous TFA}. The fractions containing product were basified with saturated NaHCOs
solution, extracted with DUM, and concentrated to give the title compound (16 mg). ES-MS
IMH1]: 430.3; TH NMR (400 MHz, DMSO) 8 8.63 (s, 1H), 846 (1, I = 5.8 Hz, 1H), 820 815
{m, TH), 7.73 (dd, J =85, 25 He, 1H), 679 (dd, } = 8.5 0.7 Hz, 1H), 467 (d, I =57 Hz, 2H),
437~ 430 (m, ZH), 3.66-3.59 (m, ZH}, 3.27 (s, 3H}, 3.04 (d, } = 0.9 Hz, 3H), 2.66 (5, 3H}.

Cl _ /N::\N C ’N.::\N

N \E RN \[\ N 4
- O‘"\w DIEA, DMSO il %:&N
o : =

\ 70°C o
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{60311} 8-Chloroe-N-{{6-(Z-methoxyethoxy)pyridin-3-ylimethyl}-8-
methylpyrido[3',27:4,5 thiens|3.2-d]pyrimidin-4-amine (Compound 14}, A muxture of (6-(2-
methoxyethoxy ypyridin-3-yDmethanamine (30 mg, 0.083 mmol), 4,8-dichioro-9-

methylpyrido]3',2"4, 5 lthieno|3,2-dlpyrimudine (15 mg, 0.056 mmol) }{Reference: WO
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20172232901, and N, N-dusopropylethylamine (41 ul., 0.22 mmol} in DMF (0.5 mL} was heated
to 50 °C for 16 hours. The reaction nmuxture was purified directly via RP-HPLC (30-70% MeCUN
in 0.1% aqueous TFA}. The fractions containing product were basified with saturated NaHCOs
solution, extracted with DUM, and concentrated to give the title compound (10 mg). ES-MS
VT 416.2; TH NMR (400 MHz, DMSO) 6 8.76 (s, 1H), 8.68 (s, 1H), 8.56 (¢, § = 5.8 Hz,
1H), 8.18 (d, J = 2.4 Hz, 1H), 7.73 (dd, J = 8.5, 2.5 Hz, 1H), 6.79(d, ] = 8.5 Hz, 1H), 4.69(d, J =
5.7 Hz, 2H), 4.37 — 4.30 {m, 2H), 3.66 — 3.59 {m, 2H}, 3.27 (s, 3H), 3.10 (s, 3H).
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{80312} N-({6-(2-Methoxyethoxy)pyridin-3-yhmethyi}-7,8-dimethylihieno[2,3-4:4,5-
d'dipyrimidin-4-amine {Compound 15}, A mixture of (6-(2-methoxyethoxy pyridin-3-
yiymethanamine {33 mg, 0.090 mmol}, 4-chloro-7,9-dimethylthieno[2,3-d:4,5-d'[dipyrimidine
(15 mg, 0.060 mmol) {Reference: WO 20191131791, and N, N-dusopropylethylamine (44 ul.,
0.24 mmol} i DMF (0.5 mL} was heated to 50 °C for 16 hours. The reaction mixture was
purified directly via RP-HPLC (14-54% MeCN in 0.1% aqueous TFA)}. The fractions contaming
product were basified with saturated NaHCOs solution, extracted with DCM, and concentrated to
give the title compound (20 mg). ES-MS [M+1]7: 397.3; 'TH NMR (400 MHz, DMSO) § 8.68 (s,
1H), 8356, J=57Hz 1H), 817(dd, J=2507Hz 1H), 773 (dd, J=85,2.5Hz, 1H}, 6.79
(dd, J=835,07Hz 1H), 468(d, 1=57Hz 2H), 437 - 430 (m, 2H}, 368 —-3.59 (m, 2H}, 3.27
{s, 3H)}, 3.05 (s, 3H), 2.72 (s, 3H).
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{80313}  N-({6-(2-Methoxyethoxypyridin-3-yvijmethyl}-2.4-dimethylthieno]2,3-5:5,4-
c'|dipyridin-8-amine {(Compound 16}, To a 2 mL vial were added 8-chlors-2.4-
dimethvithienc{2,3-5:5,4-c'[dipyriding (20 mg, 0.08 mmol}{Reference: Bioorg Med. Chem. Lett.
2021, 53, 128416}, (6-(2-methoxyethoxy ypyridin-3-vimethanamine (35 mg, 0.1 mmol}, Cs2COz
(37 mg, 0.11 mmol}, tris{dibenzylidencacetone}dipalladium(0} (11.0 mg, 0.01 mmol}, and
XantPhos (14.0 mg, 0.02 mmol). The vessel was capped, degassed and purged with mitrogen (3x}
followed by addition of 1,4-dioxane (0.5 mL}. The vial was heated to 110 °C overnight. The
reaction was cooled to room temperature and filtered through a pad of Celite® which was rinsed
thoroughly with DCM/EtOAc. The organics were concentrated and the crude residue was
purified via RP-HPLC (15 - 45% ACN/ 0.05% aqueous NH4OH)}. The fractions containing
product were basified with sat. NaHCO; solution, extracted with 3.1 chloroform/IPA, and
concentrated to give the title compound. "H NMR (400 MHz, CDCL) 8823 (d, /=57 Hz, 1H),
821{(dd, /=25 08Hz IH), 769(dd, /=85,25Hz 1H), 747 (d, J=57Hz 1H), 708 (s,
1H), 680(dd, /=85 07Hz 1H),478(d, J=56Hz 2H), 459, J=537Hz 1H), 451 -4.44
{m, ZH), 378 = 3.71 {(m, 2H), 344 (3, 3H), 284 (d, /=08 Hz, 3H), 2.67 (5, 3H}. ES-MS
(V1] 3953,

N
H7 N Pdy(dba)s, XantPhos > U\N g
! O NG ; H/\E
»»&; “’\/ Cs,005 ) ’f/’ke

1 d-gioxane, 116 ¢ /N
{80314} N-({6-(2-Methoxyethoxypyridin-3-yijmethyi}-2,4-
dimethylpyrido{4',3':4,5lthienc{2,3-d|pyrimidin-8-amine (Compound 17}, To a 2 mL vial
were added §-chlore-2,4-dimethylpyrido[4',3"4, Slthieno| 2, 3-dlpyrinudine (20 mg, 0.08 mmol}
[Reference: WO 2019113179, (6-(2-methoxyethoxy)pyridin-3-ylimethanamine {35 mg, 0.1
mmol}, Cs2COs (37 mg, 0.11 mmol), tris{dibenzylideneacetoneldipalladium(0} (11.0 mg, 0.01
mmol), and XantPhos (14.0 mg, 0.02 mmol). The vessel was capped, degassed and purged with
nitrogen {3x} followed by addition of 1,4-dioxane (0.5mL). The vial was heated t0 110 °C
overnight. The reaction was cooled to room temperature and filtered through a pad of Celite®
which was rinsed thoroughly with DCM/EtOAc. The organics were concentrated and the crude
residue was purified via RP-HPLC (15 - 45% MeCN 10 0.1% aqueous TFA). Fractions

containing product were basified with sat. NaHCO: solution, extracted with 3.1 chloroform/IPA
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and concentrated to provide the title compound (13 mg). "H NMR (400 MHz, CDCL) § 8.30(d,
J=5.6He, 1H), 8.21 (dd, J= 2.4, 0.8 Hz, 1H), 7.68 (dd, /= 8.5, 2.5 Hz, 1H), 7.45(d, J = 5.6
Hz, 1H), 6.80 (dd, J= 8.5, 0.8 Hz, 1H), 478 (d, J= 5.5 Hz, 2H), 4.63 (1, J = 5.5 Hz, 1H), 451 —
4.44 (m, 2FH), 3.7¢ — 3.71 (m, ZH), 3.44 (s, 3H), 3.02 (s, 3H). 2.84 (s, 3H). BS-MS [M+11":
396.3.

>~ \/L\cs HoN" N _ DEA l Ay

7N d * A 0

>~H\f7”'b 07N pwE, 70 °C Py N
N

/

[80318] N-({6-(2-Methoxyethoxy)pyridin-3-yhmethyi}-7,9-

dimethyipyrido[3',2":4, 5] thiens|3.2-d|pyrimidin-d-amine (Compound 18}, A mixture of NV~
dusopropylethylamine (40 pl., 0.24 mmol) and 4-chlore-7,9-dimethyipyridof3',2"4, 5|thieno[3,2-
dipyrimidine (15 mg, 0.06 mmol} }[Reference: Ricorg Med. Chem. Lets. 2023, 53, 128416} and
{6~{2~-methoxyethoxypyridin-3-yhmethanamine (33 mg, 0.09 mmol) in DMF (0.5 mL) was
stirred at 70 °C for 2 h. The reaction muxtare was purified via RP-HPLC (15-55% MeCUN mn
0.1% aqueous TFA). The fractions containing desired product were basified with sat. NaHCOs
solution, extracted with 3:1 chlorofornVIPA (3x} and concentrated to give the title compound (1 7
mg). TH NMR (400 MHz, CDCLE)Y 8 8.79 (s, 1H), 8.19(dd, /= 2.6, 0.8 Hz, 1H), 7.66 (dd, J

25 Hz 1H), 712 (s, 1H), 681 (dd, /=85, 08 Hz, 1H),500(d, /=58 Hz 1H),482(d, /=57
Hz, 2H), 451 —4.44 (m, 2H}, 3.78 - 3.71 (m, 2H}, 3.43 {5, 3H), 3.02 {d, /= 0.8 Hz, 3H), 2.67 (s,
3H) ES-MS [M+1]7:390.3.
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{80316]  (SFN-{{(6-(2-methoxypropoxy)pyridin-3-yiimethyi}-3.4-

Compound 3

dimethylpyrimido}4’,5':4,5{thieno[2,3-c]pyridazin-8-amine and {(R}-N-({6-(2-
methoxypropoxypyridin-3-yhmethyl)-3,4-dimethylpyrimido|4’,5:4,5 [thiens|2,3-

cipyridazin-Z-amine
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Analvtical Separation Example:

{06317} Chural SFC separation was performed on a Thar {(Waters} Investigator. Column:
Chiral Technologies CHIRALPAK IF, 4.6 x 250 mm, 5 um. Gradient conditions: 35% Isocratic
ethanol in CO2. Flowrate: 3.5 mL/min. Column temperature: 40° . System backpressure:

100 bar. Epantiomer 1: Enantiomer 2 {1:1}.

Preparative Separation Example:

{06318]  Chural SFC separation was performed on a PIC Solution SFC-PICLab PREP 100.
Column: Chiral Technologies CHIRALPAK IF, 21 x 250 mm, 5 pm. Conditions: 35%
isocratic ethanol in CO2. Flow rate: 80 mL/min. Column temperature: 409 C. System

backpressure: 100 bar.

Enantiemer 1 {Compound 19; first eluted peak):
[00318] Rt = 9.33 min {preparative method); ES-MS [M+1]" = 411 .2; 94% ee; 'H NMR (400
MHz, DMSQO) 6 872 (s, 2H), 8.19¢(dd, J =25, 0. 7THz 1H), 7.74 (dd, } = 8.5, 2.5 Hz, 1H}, 6.80
(dd, J=85,07Hz 1H}, 471 (d, 1=57Hz 2H), 418 (dd, F =51, 1.4 Hz, 2H), 3.70 - 3.58 {m,
1H), 3.27 (s, 3H), 3.01 (s, 3H), 2.78 (s, 3H), 1.13 (d, § = 6.3 Hz, 3H).

Eanantiomer 2 {Compound 20; second eluted peak):
j00320] Rt = 10.98 min {preparative method; ES-MS [M+17" = 411.2; 99% ee; 'H NMR (400
MHz, DMSQO) 6 871 (s, 2H), 8.19¢dd, J =25, 0. 7THz 1H), 7.74 (dd, } = 8.5, 2.5 Hz, 1H}, 6.80
(dd, J=85,07Hz 1H} 470(d, 1=57Hz 2H), 418 (dd, F =51, 1.6 Hz, 2H), 3.70 - 3.58 {m,
1H), 3.27 (s, 3H), 2.99 (s, 3H), 2.77 (s, 3H), 1.13 (d, J = 6.3 Hz, 3H).
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{80321}  N-({6-(2-(Methoxy-d:)ethoxy-1,1.2,2-ds)pyridin-3-vljmethyl)-3.4-
dimethyipyrimido{4',5":4,5]thieno|2,3-c|pyridazin-8-amine (Compound 21). Prepared ina
similar manner to Compound 15. ES-MS [M+17" 404; 'H NMR (400 MHz, DMSO) § 8.75
868 (m, 2H}), 8.19(dd, /=25, 08 Hz, 1H), 774 (dd, /=85, 2.5 Hz, 1H), 6.80{dd, /=85, 07
Hz, 1H), 470 (d, /=57 Hz, 2H), 3.00 (s, 3H), 2.77 (s, 3H}.

”"\ NEN
N \

Q#S- DIEA, DMSO K%\ )
-Q 80° © b
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{80322] N-{{6-(2-methoxyethoxy-1,1,2,2-ds}pyridin-3-viimethyi}-3.4-
dimethyipyrimido{4',5":4,5]thieno|2,3-c|pyridazin-8-amine (Compound 22). Prepared in a

similar manner to Compound 12, ES-MS [M+17" 401,

NFN .
}Hf\‘/ik?\\ 1M KO ;
— N_d H N
- S /L\Q /\m/wg W /\Q\ OH

80323] 253 4-dimethylpyrimido[4’,8 4,5 thieno{2,3-c]pyridazin-8-

vhaminoymethylpyridin-2-yhoxy)acetic acid (Compound 23). A mixture of 2-{(5-{{((3,4-
dimethyipyrimudo[4', 54, Sithieno[2,3-¢jpyridazin-8-yDarmo)methypyridin-2-
vljoxylacetamide {46 rog, 0.12 mmoly m IM HCI (0.23 mL, .23 muvol) and water {1 mL) was
stirred at 100 °C. After 18 h, the reaction mixture was neutralized with 1M NaOH and
concentrated. The crude residue was dissolved 10 DMSO/DMEF (1:1; 2.0 mi.) and purified using
reverse phase HPLC (10-40% ACN/ 0.05% aqueocus NH4OH). The fractions containung the
desired product were concentrated to give the title compound (25 mg}. 'H NMR {400 MHz,
DMSO) § 8.74 (t, J = 5.8 Hz, 2H), 8.70 (s, 11, 8.11 (&, J= 2.4 Hz, 1H), 7.69 (dd, J= 8.5, 2.5
Hz, 1H), 6.73 (d, 1H), 4.67 (d, J = 5.1 Hz, 2H), 4.4 (s, 2H), 2.99 (s, 3H), 2.76 (s, 3H). [M+1]
3973,
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The compounds shown in Table I may be prepared using the methods shown n the

preceding Schemes and Examples with the appropriate starting materials.
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Cpd. ES-MS
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a. Farlier eluting enantiomer by chiral SFC separation
b. Later eluting enantiomer by chiral SFC separation

Biological Activity

A, Cell Lines Expressing Muscarinic Acetyicheline Receptors
{00325} Human and rat Ma ¢cDNAs, along with the chimeric G protein Gys, were transfected
mto Chinese hamster ovary (CHO-K1) cells purchased from the American Type Culture
Collection using Lipofectamine2000. The transfected cells were subjected to selection antbiotic
treatment to generate stable cell lines; G418 sulfate (1 mg/ml)} for selecting Mu expressing cells
and Hygromycin B (500 pg/ml) for selecting Ggis expressing cells. The resulting polvclones
were further screened to obtain mounoclones of hMa—Gais and rMa—Gais for compound screening

assay. Stable monoclone cells were mamtained m Ham's F-12 medium containing 10% heat-
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mactivated fetal bovine serum (FBS), 1X Antibiotic/Antimycotic, 20 mM HEPES, 500 pg/mb
418 sulfate, and 200 pg/mL Hygromycin B in 37 °C humidified incubators in the presence of
5% COn

B. Cell-Based Functional Assay of Musearinic Acetyicholine Receptor Activily
{00326] The high throughput assay was employed to measure receptor-induced mobilization
of intracellular calcium to determine compound activity. Test compound was added to cells
expressing the muscarinic receptors that were loaded with calcium sensitive fluorescent dye.
After a ~2.5 mimite incubation period, a submaximal (ECze) concentration of acetyicholine was
added, and the response measured. This kinetic assay allows for simultaneous screening and
potency determination of multiple pharmacological modes of action including agonist and
potentiator activity. CHO-K1 cells stably expressing muscarinic receptors were plated tn growth
medium lacking G418 and hygromycin at 15,000 cells/20 pl/well in Greiner 384-well black-
walled, tssue culture {(TC)-treated, clear-bottom plates (Greiner Bio-One). Cells were mcubated
overnight at 37 °C and 5% CQ.. 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, St Louss, MO)}) was prepared to dilute compounds, agonists, and Fluo-4-
acetomethoxvester {(Fluo-4-AM), fluorescent calcium ndicator dye. Compounds were serially
diluted 1.3 into 10 point concentration response curves in DMSO using the Bravo Liguid
Handler {Agilent, Santa Clara, CA), transferred to a 384 well daughter plates using an Echo
acoustic hiquid handler (Beckman Coulter, Indianapolis, Indiana), and diluted in assay Buffertoa
2X final concentration. The agonist plates were prepared using acetylcholine (ACh, Sigma-
Aldrich, St. Louis, MO) concentrations for the ECx and ECuax responses by diluting in assay
buffer to a 5X final concentration. The 2X dye solution (2.3 pM) was prepared by mixing a 2.3
mM Fluo-4-AM stock in DMSO 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 rermnamned in the cell
plates. Immediately, 20 ul. of the 2X dve 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 dyve solutions for 45 miun at 37 °C i the presence of 5% COy, the dye
solutions were removed and replaced with assay buffer using a nmicroplate washer, leaving 20 pl.

of assay buffer in the cell plate.
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{00327} The prepared compound, agonist, and cell plates were placed nside the Functional
Drug Screening System uCell (FDSS ullell, Hamamaisy, 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 1n an order. Briefly, after establishment of a fluorescence baseling for 2 seconds
{excitation, 480 nm,; emission, 530 nm), first add occurred by adding 20 gL of test compound to
the cells, and the response was measured for 140 seconds. This is followed by second add; 10 uL
(5X) of an EC concentration of ACh agonist was added to the cells, and the response of the
cells was measured for 125 seconds. Immediately, the third add occurred by adding 12 ul {(5X of
an ECss concentration of ACh and the response of the cells was measured for 90 seconds.
Acetyicholine-mediated maximum response {(ECwax} 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 FCa, EC80, and ECnax responses. Calcium 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 mohilization
upon compound addition. Positive allosteric modulator activity was analvzed as a concentration-
dependent increase w the EC2o acetylcholine response. Antagonist activity was analyzedas a
concentration-dependent decrease in the ECe acetylcholime response. Concentration-response
curves were generated using a four-parameter logistical equation using GraphPad Prism (La
Jolla, CA} or the Dotmatics software platform (Woburn, MA
{80328] The above-described assay was also operated 1n 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 m cells was measured. 140 s later,
the appropriate concentration of agonist was added and the calcium response (maximum-local
minima response} was measured. The ECso values for the agonist in the presence of test
compound were determmed by nonlinear curve fiting. A decrease in the ECso value of the
agonist with imcreasing concentrations of the present compounds (a leftward shift of the agonist
conceniration-response curve} is an indication of the degree of muscarinic positive allosteric
modulation at a given concentration of the present compound. An increase in the ECsy value of
the agonist with increasing concentrations of the present compounds {a rightward shift of the
agonist concentration response curve) is an indication of the degree of muscarinic antagonism at

a given concentration of the present compound. The second mode also indicates whether the
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present compounds also affect the maximum response of the muscarinic receptor to agonists.
. Activity of Compounds in a mACHBR My Celi-Based Assay

{00329} Compounds were synthesized as described above. Activity (ECso and Ena} was

determined in the mACHhR My cell-based functional assay as described above and the data are

shown m Table 2. Also, selectivity at Mz activity {ECso and Ewax} was shown below as

determined in the My cell-based functional assay. The compound number corresponds to the

compound numbers used in Table 1.

Table 2.
No, Human My ECs Einax {(Y0)® Human M; ECs Eaax (Vo)
{nl¥) {(nM)
1 49 88 5954 33
2 20 86 >10,000 22
3 89 82 >10,000 25
4 178 59 >10,000 20
5 379 73 >10,000 19
& 688 72 >10,000 17
7 1137 73 >10,000 18
8 29 74 >10,000 22
9 6 86 684 62
18 74 77 2340 35
i1 76 &4 3480 39
12 81 g1 3786 33
13 1340 52 Inactive
14 2080 59 Inactive
i5 9580 61 Inactive
16 189 8% 5840 40
17 317 83 >10,000 40
i8 1150 56 Inactive
19 66 g1 5630 50
20 8% 79 6908 52
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21 84 100 Inactive
22 31 103 inactive
23 2605 78 Inactive

* % ACh maximum at 30 ML
D, Functional assessment of My activator compounds in cellular cAMP assay
Cellular cAMP G; HTRF Assay

[00338]  Activation of the Ma receptor leads to the inhibition of cAMP production by coupling
to Gie proteins. To measure the level of cAMP mhibition by M allosteric modulators, a
Homogeneous Time-Resolved Fluorescence (HTRFY) cAMP assay was employed using CHO
cells stably expressing human or rat My receptors. The HTRF cAMP assay 1s a Time-Resolved
Resonance Energy Transfer {TR-FRET) competitive immunoassay. Endogenous intracetiular
cAMP generated by cells competes with Europrum cryptate-labeled cAMP {Europium donor,
ermission 665 nm) for the binding to a cAMP antibody labeled with d2 (d2-acceptor, emission
620 nm}. Thus, the fluorescence emission ratio {665 nm/620 nm) is inversely proportional to the
cAMP amount in the cells. Compound-mediated M activation results in an increase in HTRF
ratio {665 nm/620 nm)}, indicative of a decrease in intracellular cAMP level To monitor agonist
activity, compounds were added to the My cells in the presence of an ECgo concentration of
forskolin {adenylvi cyclase activator) which induces a submaximal intracelluiar cAMP level To
assess potentiator activity, compounds were added to the Ma cells with an ECgo concentration of
forskolin n the presence of an EC2o concentration of acetyicholine. 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.
{86331} 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 muscarinic receptors using an HTRF cAMP Gio kit Cells were maintained n F12 medium
containing 10% FBS, 20 mM HEPES, 1X Antibiotic/Antimycotic, and G418 (500 ug/mi) m 37
°C humidified incubators n the presence of 5% CO.. The day before assay, the cells were
trypsinized and resuspended i plating medium {growth medium without G418} The cells were

plated to white, solid, flat-bottomed, 384 well plates at densities of 4,000 and 6,000 cells/10
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ub/well, of human Maand rat My cells, respectively. The celi plates were spun at 100xg for 1
min, then immediately placed in a 37 °C incubator in the presence of 5% COz overnight.
{00332] 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 500 uM IBMX to
block cAMP degradation. Activation of Ma by compounds was examined in cells stimulated with
an ECso concentration of forskohin to imnduce submaximal mtracellolar cAMP levels. Forskolin
ECse concentrations were determined from forskolin concentration response curves {TRCs) and
ranged from 1.5 to 2.5 pM. Compounds (10 mM) were prepared i 100% DMSO and further
serially diluted erther 1:3 or 1.5 into a 13~-point CRC 1n DMSO using a Bravo Liguid Handler in
a 384 well microplate.

[00333]  Agounist assay mode was used to assess the abilities of My compounds to divectly
activate M receptors 1o the absence of the agonst, acetylcholhine. The 10-pownt serally diluted
compounds, starting 30 M as a final concentration, were transferred to a compound plate using
an Hcho plate reformat protocol. 2X assay buffer containing an ECeo concentration of forskolin
concentration was added to the compound plate. Vehicle (1% DMSQ) was added to the
following control wells; baseline cAMP (no forskolin), forskolin max, and forskolin ECse 10
ul/well of the prepared 2X assay butfer was immediately added to the cell plates using a Bravo
384 well tip ligpud handler. The cell plates were immediately spun for 30 seconds at 100 x gand
mcubated at 37 °C for 10 min with gentle shaking at 50 rpm. An acetylcholine CRC was also
performed in the presence of an ECse concentration of forskolin to determine the concentrations
of acetyicholine inducing maximal {(ECwna) and submaximal (ECao} cAMP inhibition in order to
prepare for the subsequent potentiator mode assay.

{00334} In potentiator assay mode, the 10-point serially diluted compounds, starting 1.1 uM
as a final concentration, were transferred to a compound plate using an Echo plate reformat
protocol. 2X assay buffer containing an ECso concentration of forskolin and an ECu
concentration of acetylcholine was added to the compound plate. Vehicle (1% DMSO) was
added to the following; (1} for forskelin controls wells - baseline cCAMP {no forskolin), forskolin
max, and forskolin ECso, {2} for agonist control wells containing forskolin ECse — basal (no
agonist}), and acetylcholine ECoo and ECuax 10 ul/well of the prepared 2X assay buffer was
mmediately added to the cell plates using a Bravo 384 well tip liquid handler. The cell plates

7 og

were immediately spun for 30 seconds at 100x g and incubated at 37 °C for 10 min with gentle
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shaking at 50 rpm. Puring the 10-minute incubation pertod, cAMP Eu-cryptate donor (20X} and
anti-cAMP d2 antibody acceptor {20X) were diluted n lysis/detection butfer in separate tubes.
Immediately after the incubation, cells were iysed by sequentially adding 10 ul/well of cAMP
Eu-crytate solution and 10 gl/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 50 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 % acetylcholine max. Individual CRCs were generated
using a four-parameter logistical equation using GraphPad Prismo (La Jolla, CA}, and ECse was
extracted from the fitting, and maximal response (% ACh Max) was determined;

top — bottom
1 4 10 LegECSG-d)Hilislope

y = bottom +

where 4 1s the molar concentration of the compound; botiom and fop denote the lower and upper
plateaus of the concentration-response curve;, HiliSlope is the Hill coefficient that describes the
steepness of the curve; and ECs s the molar concentration of compound required to generate a

response halfway between the fop and bottom.

Table 3, hVi; cAMP Activity

Compound Agonist PAM
No.
ECso (nM) %% ACh Max ECs0 {(nM) % ACh Max
i 244 115 =2 121 o8 n=2

Table 4. Materials and Equipment

[tem Manufacturer Cat #
F12 medium Thermo Fisher | 11765054
Cell culture | :
Fetal bovine serum Thermo Fisher | 16140089
______ o
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Antibiotic/Antimycotic Thermo Fisher | 15240062
I M HEPES (2-]4-(2-hydroxyethyl) ‘

_ . o Thermo Fisher | 15630080
piperazin-1-v1] ethanesulfonic acid)
(G418 Sulfate Thermo Fisher | 10131027
TryplE Express Thermo Fisher | 12605036
HTRF cAMP-Gi kit Cisbio 62AMOPEC
CELLSTAR, 384 well plate, TC-treated, ‘

A . {reiner 781080
White, Solid-fiat bottom
IBMX (3-isobutyl-1-methylxanthine} Sigma 15879
Forskolin Sigma F6886
cAMP Assay : : : -
Acetylcholine chloride Sigma A6625
DMSO (Dimethyl salfoxide) Sigma D418
Echo 650 hquid handler Beckman G01-16079
Bravo hqud handler Agilent (GSS63AA
EnVision plate reader Perkin Elmer 2105-0011
{86335] It s understood that the foregoing detailed description and accompanying examples

are merely illustrative and are not to be taken as himitations upon the scope of the invention,

which 1s defined solely by the appended claims and their equivalents.

106336]

Various changes and modifications to the disclosed embodiments will be apparent to

those skilled in the art. Such changes and modifications, including without limitation those

relating to the chemical structures, substituents, derivatives, intermediates, syntheses,

composttions, formulations, or methods of use of the invention, 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 (I}, or a pharmaceutically acceptable salt thereof,
R5

22 R?a
I R
Z1

Cy\

M

wherem:

Zlis Noor CRY

R' 15 hydrogen or methyl;

Z%is CRY or N,

R? 15 methyl, chloro, diftluoromethyl, trifluoromethyl, or hydrogen;

7% is CR? or N,

R’ is methyl or hydrogen;

provided that no more than 1 of Z') 7% and Z° is N;

7% is N or CR*,

R* is hydrogen or methyl:

R’ is hydrogen or methyl;

RS is hydrogen, Craalkyl, Ciofluorcalkyl, Cs.acycloalkyl, or —Cisalkylene—Caucycloalkyl;

R™ and R™ are independently hydrogen or methyl;

Cy 15 a 6-membered 1 4-heteroarylene or 1,4-phenylene, the hetercarylene containing 1-2
nitrogen atoms and Cy being unsubstituted or substituted with 1-4 substituents independently
selected from the group consisting of halogen, cvano, Ci.salkyl, Ciafluoroalkyl, Ca.
scyeloaikyl, OH, —OCsalkyl, and —OC; »fluorcalkyl;

R? 15 ~Crealkylene—X, ~Cisfluorcalkylene—X, G}, or G%;
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X is ~OR® NERMYRY), -SR¥ -SOR¥, -NR®C{OIRY, -NR®PCORY —-C{OWR™,
~C{OINRBUR®™), G, or 7

R% is hydrogen, Cisalkyl, Crsfluorcalkyl, Cascycloalkyl, ~Cizalkylene-Cascycloalkyl, G', or

2

R is hydrogen, Cr.aalkyl, Ciafluoroalkyl, Crscyeloalkyl, or ~Craalkylene-Cascycloalkyl;

R¥ is Crealkyl, Crsfluorcalkyl, Ciecyeloalkyl, ~Cisalkylene—Cswseyeloalkyl, GY or G%

(' is a 4-to 7-membered heterocycly! containing 1-2 hetercatoms independently selected from
the group consisting of O, N, and §, and optionally substituted with a first substituent
selected from the group consisting of halogen, cvanc, Craalkyl, Ciofluorcalkyl, Cs.
scycloalkyl, oxo, “OR™ —N(R3), -NR™C(OIR¥, -C{ONRY),, ~C(OYOR™, —-SO:R¥, and
~C{O)R™ and optionally further substituted with 1-3 substituents independently selected
from the group consisting of halogen, Craalkyl, and Ciofluorealkyl;

G is a Cs.scycloalkyl substituted with a first substituent selected from the group consisting of
oxe, ~OR3¢, —N(R™)y,, NR¥C(OIRY, —COINERYY,, ~C{OIORY, —SORY, and ~C{(O)R™
and optionally further substuituted with 1-3 substituents independently selected from the
group consisting of halogen, Cigalkyl, and Ciofluorcatkyl;

R is hydrogen, Cisalkyl, Cifluoroalkyl, Caacyeloalkyl, or —Craalkylene~Cs.acycloalkyl; and

R¥ 45 Craalkyl, Crafluorcalkyl, Cascycloalkyl, or —Craalkylene—Cs.acycloalkyl.

2. The compound of ¢laim 1, or a pharmaceutically acceptable salt thereof, wherein Cy 13

the ansubstituted or substituted 6-membered 1,4-hetercaryiens.
3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof, wherein the
ring system of the unsubstituted or substituted 6-membered 1,4-heteroarylene at Cy 13

pyridylene.

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

wherein Cy is unsubstituted.

5. The compound of ¢laim 4, or a pharmaceutically acceptable salt thereof, wherein
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.,,_C}(/»»ORS IS

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

wherein R® 13 ~Crsalkylene—X.

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

wherein X is ~OR or ~C{OYOR™.

& The compound of any of claims 1-7, or a pharmaceutically acceptable salt thereof,

wherein R* is hydrogen, Cisalkyl, or Ciscycloalkyl.

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

wherein X is G,

10, The compound of any of claims 1-& or 9, or a pharmaceutically acceptable salt thereof,
wherein the ring system of the optionally substituted 4-to 7-membered heterocyelyl at G! is a 5-
membered heterocyclyl containing 1-2 heteroatoms mndependently selected from the group

consisting of O, N, and S,

11 The compound of any of ¢claims 1-6 or 9-10, or a pharmaceutically acceptable salt

thereof, wherein G! is substituted with 1 oxo.

12, The compound of any of claims 1-6 or 9-11, or a pharmaceutically acceptable salt

.
#
Y

X

thereof, wherein G' is ©

13. The compound of any of claims 1-12, or a pharmaceutically acceptable salt thereof,
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wherein 2} s N.

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

wherein 7' 1s CR!

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

wherein 27 is CR?.

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

wherein R* is methyl or chloro.

17 The compound of any of claims 1-12 or 14, or a pharmaceutically acceptable salt thereof,

wherein 77 is N.

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

wherein 77 18 CR>.

19 The compound of any of claims 1-18, or a pharmaceutically acceptable salt thereof,
wherein R is methyl.
20. The compound of any of claims 1-19, or a pharmaceutically acceptable salt thereof,

wherem Z% 13 N.

21 The compound of any of claims 1-19, or a pharmaceutically acceptable salt thereof,
wheremn Z* 15 CRY.
22. The compound of any of claims 1-19 or 21, or a pharmaceutically acceptable salt thereof,

wherein R* is hydrogen.

23 The compound of any of claims 1-22, or a pharmaceutically acceptable salt thereof,

wherein R is hydrogen.
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24. The compound of any of claims 1-23, or a pharmaceutically acceptable salt thereof,

wherein R® is hydrogen.

25, The compound of any of claims 1-24, or a pharmaceutically acceptable salt thereof,

wherein R7 and R™ are hydrogen.

26, The compound of claim 1 selected from the group consisting of!
N-{{6-(2-methoxyethoxy)pyridin-3-ylimethyl}-3.4-
dimethylpyrimido{4', 54, 5lthieno[2,3-c]pyridazin-8-amine;
3-(2-{(5-(((3,4~-dumethvlpyrmidof4', 54, Sthieno[ 2, 3~-¢clpyridazin-8-
vhaminoymethyhpyndin-2-vhoxy JethyQoxazohdin-2-one;
N-((6-2~-methoxypropoxy ypyridin-3-yiymethyl}-3,4-
dimethylpyrimudo]4',5"4, S lthieno|2,3-clpyridazin-8-amine;
N-({(6-{(1 -methoxypropan-2-yloxy)pyridin-3-yljmethyi}-3 4~
dimethylpyrimido{4',5"4, 5 jthieno| 2, 3-¢c]pyridazin-8-amine;
N-{({6-(2-1sopropoxyethoxy jpyricdin-3-yhmethy1}-3,4-
dimethylpyrimudo{4',5"4 Slthieno[2,3-c]pyridazin-8-amine;
N-{{6-{2-(tert-butoxyyethoxy)pyridin-3-yDmethyl)-3 4~
dimethylpyrimido{4’, 5”4, Stthieno[ 2, 3-c]pvridazin-8-aming;
N-{{6-(2-{cyclopentyloxy Jethoxypynidin-3-ylmethyi}-3,4-
dimethylpyrimido]4’, 5.4, Sithienof 2, 3-clpyridazin-B-aming;
2-{(5-({(3,4-dimethyipyrimido[4',5"4, S thieno[2 3-clpyridazin-8&-

yhaminoymethylpyridin-2-yhoxyjethan-1-o;

N-{({6-(2-methoxyethoxy)pyridin-3-ylimethyl}-3,4-dimethylpyridof4' 3":4, 5 ithieno[2,3-

clpyridazin-8-amine;
F{(5-({(3 4-dumethyipyrimidof4’, 5" 4,5 thieno[2 3-c]pyndazin-8-
vhaminoymethyDpynidin-2-vloxy }-2-methyipropan-2-ol;
N-A{{6-{ 2-(methoxy-ds)ethoxypyridin-3-ylimethyl}-3,4-

dimethylpyrimdo]4',5"4, S lthieno|2,3~clpyridazin-8-amine;
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N-{{6-(2-{methoxy-d3 Jethoxypyridin-3-ylmethyi-d2}-3,4-
dimethylpyrimido{4’ 5.4 5ithieno{[Z,3-c]pyridazin-8-amine;

§-chioro-N-{{6-(2-methoxyethoxy)pyridin-3-ylimethyl}-7.9-
dimethylpyrido[3',2"4,5]thieno{3 . 2-d{pyrimidin-4-amine;

§-chioro-N-{{6-(2-methoxyethoxy)pyridin-3-yDmethy}-9-

~

methylpyrido]3',2"4, 5 thieno[ 3, 2-dlpyrimudin-4-amine;
N-{{6-(Z-methoxyethoxypyridin-3-ylmethyl}-7,9-dimethylthienof2,3-d°4,5-
dldipyrimudim-4-aming;
N-{{6-(2-methoxyethoxypyvridin-3-ylimethyl}-2,4-dimethylthieno{2,3-5.5,4-
cdipyridin-8-amine;
N-{{6~(2-methoxyethoxypyridin-3-ylimethyi}-2 4-dimethylpyrido{4', 3" 4, 5 thieno[2,3~
dlpyrimidin-8-amine;
3-chloro-N-{{6-( 2-rmethoxyethoxypyridin-3-ylmethyl}-2,4-dimethylthieno[2,3-5:5 4~
cldipyridin-8-amine;
N-({6~-{2~-methoxyethoxy}pyridin-3-yDmethy -7, 9-dimethylpyrido{3',2" 4,5 Jthieno{3,2-
dlpyrimidin-4-amine,
(S8)-N-{{6-{2-methoxypropoxy )pyridin-3-ylymethyi}-3, 4~
dimethylpyrimido{4’ 5.4 5ithieno{[Z,3-c]pyridazin-8-amine;
(R)-N-({6-(2-methoxypropoxy jpyricdin-3-yvhmethyl}-3,4~
dimethylpyrimido{4' 54, 5lthieno{2,3-¢]pyridazin-8-amine;
N-{{6-{2-(methoxy-ds)ethoxy-1,1,2 2-dyypyridin-3-yDimethyl)-3 4~
dimethylpyrimido]4’, 5" 4, S ithieno[2,3~¢]pyridazin-8-amine;
N-{{6-(Z-methoxyethoxy~-1,1,2 2-dd)pyridin-3-yimethyi)-3,4-
dimethylpyrimdo]4',5"4, S lthieno|2,3~clpyridazin-8-amine;
vhaminoymethypyridin-2-yhoxy Jacetic acid;

or a pharmaceutically acceptable salt thereof.

27 A pharmaceutical composition comprising the compound of any of claims 1-26, or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.
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28. A compound of any of claims 1-26, or a pharmaceutically acceptable salt thereof, or the
pharmaceutical composition of claim 27, for use in the treatment of a neurological and/or
psvohiatric disorder, wherein the disorder 1s selected from Alzheimer's disease, schizophrenia, a

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