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7-(PIPERIDIN-1-YL)-4H-PYRIMIDO[1,2-B]PYRIDAZIN-4-ONE DERIVATIVES AS
POSITIVE ALLOSTERIC MODULATORS OF THE MUSCARINIC
ACETYLCHOLINE RECEPTOR M4

RELATED APPLICATIONS
{0001} This application claims the benefit of priority to U.S. application serial no.

63/052,085, filed July 15, 2020, which is incorporated herein by reference in its entirety.

TecHnical FiELD
10002] The present invention relates to compounds, compositions, and methods for
treating neurological and psychiatric disorders associated with muscarinic acetyicholine

receptor dysfunction.

BACKGROUND

[0003] Cholinergic neurctransmission involves the activation of nicotinic acetyicholine
receptors {nAChRs} or the muscarinic acetylcholine receptors {mAChRs} by the binding of the
endogencus orthosteric agonist acetyicholine {ACh). Conditions associated with cognitive
impairment, such as Alzheimer’s disease, are accompanied by a reduction of acetyicholine
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 brain, including the
association cortices and hippocampus, which are critically involved in higher processes. Clinical
data supports that chelinergic hypofunction contributes to the cognitive deficits of patients
suffering from schizophrenia. Efforts to increase acetylcholine levels have focused on increasing
levels of choline, the precursor for acetylcholine synthesis, and on blocking acetyicholinesterase
{AChE}, the enzyme that metabolizes acetyicholine. As a resull, acetylcholinesterase {AChE)
inhibitors, 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] Attemnpis to augment central cholinergic function through the administration of
choline or phosphatidyicholine have not been successful. AChE inhibitors have shown
therapeutic efficacy, but have been found to have frequent cholinergic side effects due to
peripheral acetylcholine stimulation, including abdominal cramps, nausea, vomiting, and
diarrhea. These gastrointestinal side effects have been observed in about a third of the patients

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

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

[08006] Evidence suggests that the most prominent adverse effects of AChE inhibitors and
other cholinergic agents are mediated by activation of peripheral M; and M mAChRs and
include bradycardia, Gl distress, excessive salivation, and sweating. In contrast, M has been
viewed as the most likely subtype for mediating the effects of muscarinic acetylcholine receptor
dystunction in psychotic disorders, including schizophrenia, cognition disorders, and
neuropathic pain. Because of this, considerable effort has been focused on developing selective
M agonists 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 Ma. Because of this, mAChR agonists that have been tested in clinical studies induce a
range of adverse effects by activation of peripheral mAChRs. To fully understand the
physiclogical roles of individual mAChR subtypes and 1o further explore the therapeutic utility
of mAChR ligands in psychosis, including schizophrenia, cognition disorders and other disorders,
it can be important to develep compounds that are highly selective activators of mAChR My and

other individual mAChR subtypes.
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10007] Previous attempts to develop agonists that are highly selective for individual mAChR
subtypes have failed because of the high conservation of the orthosteric ACh binding site. To
circumvent problems associated with targeting the highly conserved orthosteric ACh binding
site, it is believed that developing compounds that act at allosteric sites on mAChRs that are
distinct from the orthosteric site and are less highly conserved. This approach has improved the
development of selective ligands for multiple GPCR subtypes. in the case of mAChRs, a major
goal has been to develop allosteric ligands that selectively increase activity of mAChR Mg or
other mACHR subtypes. Allosteric activators can include allosteric agonists, that act at a site
distinct from the orthosteric site to directly activate the receptor 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 molecuie to have both allosteric potentiator and allosteric agonist activity.
[0008] More recently, muscarinic agonists including xanomeline have been shown to be
active in animal models with similar profiles to known antipsychotic drugs, but without causing
catalepsy {(Bymaster ef of., Fur. J. Phaormacol. 1998, 356, 109, Bymaster et al., Life Sci. 1999, 64,
527; Shannon et af., J. Pharmacol. Exp. Ther, 1999, 290, 901; Shannon et gl., Schizophrenia Res.
2000, 42, 249). Further, xanomeline was shown to reduce psychotic behavioral symptoms such
as delusions, suspiciousness, vocal outbursts, and hailucinations in Alzheimer’s disease patients
{Bodick et al,, Arch. Neurol. 1997, 54, 465}, however treatment induced side effects, e.g.,
gastrointestinal effects, have severely limited the clinical utility of this compound.

[0G0e] W 2018/118736 discloses 6,5 fused hetercaryl piperidine ether which are allosteric
modulators of the M4 muscarinic acetylcholine recepior.

Lty Despite advances in muscarinic acetyicholine receptor research, there is still a
scarcity of compounds that are potent, efficacious, and selective activators of the Ma mAChR
and also effective in the treatment of neurological and psychiatric disorders associated with

cholinergic activity and diseases in which the muscarinic My receptor is involved.

SUMMARY

0611} In a first aspect; the invention provides a compound of formula {1},
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or a pharmaceutically acceptable salt thereof, wherein:

Xis CR> or N;

Rl is selected from hydrogen, Ci-Ca-alkyl, Ci-Ca-haloalkyl, Ci-Ca-hydroxyalkyl, Co-Ce-
cycloalkyl, —L~Cs-Ce-cycloalkyl, halo, ~L*OR? and OR?;

R* s selected from hydrogen, Ci-Ca-alkyl, Ci-Ca-haloalkyl, C3-Ce-cycloaikyl, halo, ~L*ORY,
OR", NHR®, and N{R"}3;

R3is selected from hydrogen, Ci-Ce-alkyl, Ci-Ca-haloalkyl, Ca-Ce-cycloalkyl, halo, —L30RS,
and ORS

each R*is independently selected from C1-Ca-alkyl, OR®, ~L30R®, and halg;

each R is independently selected from Ci-Ca-atkyl, C1-Ca-haloalkyl, OR®, ~L°0R®%, a5 or 6
membered hetercaryl, a phenyl, Cs-Ce-cycloalkyl, and halo; or

wherein two R®, taken together with the carbon atoms to which they are attached, form
a 5- 1o 8-membered fused monocyclic heterocycle containing 1-2 hetercatoms independently
selected from O, N, and 5, the fused monocyclic heterocycle being optionally substituted with
1-4 RS

R is selected from hydrogen, Ci-Ce-alkyl, C-Ca-haloalkyl, Cs-Ce-cycinalkyl, OR®, ~L°0R®,
and halo;

each R% is independently selected from Ci-Ca-alkyl, Ci-Co-fluoroalkyl, Cs-Ca-cveloalkyl,
-OCi-Co-alkyl, -0C-Co-Hluoroalkyl, cvano, and halg;

each R% is independently selected from oxo, Ci-Ca-alkyl, OR, ~LPOR!, and halo;

R is selected from hydrogen, Ci-Ca-atkyl, Ci-Ca-haloalkyl, Ca-Cs-cycloalkyl, halg, ~L?ORY,
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ORP, NHRP, and N{R"};;

is(, lor;

mis0, 1or2;

nisG, 1, or 2;

L5 L2 L3, L8 L5, and LP at each occurrence, are each independently Ci-Ca-alkylene; and

2, BE, RE RY RS, and RY at each accurrence, are each independently selected from €1-Cy-
alkyl, C1-Ca-haloalkyl, and Ca-Ce-cycloatkyl, wherein two R®, together with a nitrogen atom to
which they are attached, optionally form a 4- 1o 7-membered monocyclic heterocyclyi, the
heterocycivl being optionally substituted with 1-4 substituents independently selected from
halo, C-Ca-alkyl, and C-Ca-haloalkyl.
[0012] in a further aspect, the invention provides a method of treating & neurclogical
and/or psychiatric disorder in a patient, comprising administering to the patient in need thereof
a therapeutically effective amount of the compound of formula {1}, or a pharmaceutically
acceptable salt thereof or a pharmaceutical composition.
[0013] In a further aspect, the invention provides a compound of formula {i}, or a
pharmaceautically acceptable salt thereof, or a pharmceutical composition, for usea in the
treatment of a neurclogical and/or psychiatric disorder.
80147 in a further aspect, the invention provides use of s compound of formula {1}, or 3
pharmaceutically acceptable salt thereof or a pharmaceutical compaosition, for the preparation

of a medicament for the treatment of a neurclogical and/or psychiatric disorder.

Brier DESCRIPTION OF THE DIRAWINGS
[0015] FiG. 1 shows a schematic illustration of ligand binding sites, inciuding the orthosteric

site and an allosteric site, in the muscarinic acetyicholine receptor.

DevaieD DESCRIPTION

[8016] Disclosed herein are positive allosteric modulators {Le. potentiators) of the
muscarinic acetylcholine receptor My {mACHhR M), methods of making same, pharmaceutical
compositions comprising same, and methods of treating neurclogical and psychiatric disorders

associated with muscarinic acetylcholine receptor dysfunction using same. The compounds
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include analogues of 6-{4-{{2,3-dihydrobenzo{bli1,4]dioxin-o-yi}oxylpiperidin-1-yl}-
[1,2,45triazolo{4,3-blpyridazine.

00177 The human muscarinic acetvicholine receptor Ms {MAChR M} is a protein of 479
amino acids encoded by the CHRM;, gene. The molecular weight of the unglycosylated proteinis
about 54 kDa and it is a transmembrane GPCR. As described above, the mAChR My is a member
of the GPCR Class A family, or the rhodopsin-like GPCRs, which are characterized by structural
features similar to rhodopsin such as seven transmembrane segments. The muscarinic
acetylcholine recaptors have the N-terminus oriented to the extraceliular face of the
membrane and the C-terminus located on the cytoplasmic face. A schematic of the structure of
mACHhR Ma is shown in Figure 1, with the transmembrane segments shown as cylindrical shapes
{which span the lipid bilayer of the cell membrane). The orthosteric binding for natural ligand,
acetylcholine, for mAChRs is within a pocket located in the transmembrane segiments as
depicted in Figure 1,

[0018] Frevious attempts to develop agonists that are highly selective for individual mAChR
subtypes have falled because of the high conservation of the orthosteric ACh binding site. To
circumvent problems associated with targeting the highly conserved orthosteric ACh binding
sitg, it is believed that developing compounds that act at allosteric sites on mAChRs that are
removed from the orthosteric site and are less highly-conserved. Without wishing to be bound
by a particular theory, the compounds of the invention and products of the disclosed methods
are believed to bind to an allosteric site distinct from the orthosteric binding site. For example,
a disclosed compound can bind at the binding site as illustrated in Figure 1.

1. Befinitions

[0619] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commeoenly understood by one of ordinary skill in the art. In case of conflict,
the present documant, including definitions, wili control. Preferred methods and materials are
described below, although methods and materials similar or equivalent 1o those described
herein can be used in practice or testing of the present invention. All publications, patent

applications, patents and other references mentioned herein are incorporated by reference in
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their entirety. The materials, methods, and examples disclosed herein are illustrative only and
not intended to be limiting.

00207 The terms “comprise{s}),” “include{s},” “having,” “has,” “can,” “contain{s},” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms

e m o,

a,” “an” and “the” include plural references unless the context clearly dictates otherwise. The

5Fodi

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

10021] The modifier “about” used in connection with a guantity is inclusive of the stated
vaiue and has the meaning dictated by the context and the understanding of the person skilled
in the art.

[0022] Definitions of specific functional groups and chemical terms are described in more
detail below. For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics, 759
Ed., inside cover, and specific functional groups are generally defined as described therein.
Additionally, general principles of organic chemistry, as well as specific functional moieties and
reactivity, are described in Organic Chemistry, Thomas Sorrell, University Science Books,
Sausalite, 1999; Smith and March March's Advanced Crganic Chemistry, 5 Edition, John Wiley
& Sons, Inc, New York, 2001; Larock, Comprehensive Organic Transformations, VCH Publishers,
inc., New York, 1989; Carruthers, Some Modern Methods of Organic Synthesis, 37 Edition,
Cambridge University Press, Cambridge, 1887, the entire contents of each of which are
incerporated herein by reference.

10023] The term “alkoxy,” as used herein, refers to an alky! group, as defined herain,
appended to the parent molecular molety through an oxygen atom. Representative examples
of atkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy and tert-
butoxy.

[0624] The term “alkyl,” as used herein, means a straight or branched, saturated

hydrocarbon chain containing from 1 to 10 carbon atoms. The term “lower alkyl” or "C1.Ce-
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atkyl” means a straight or branched chain hydrocarbon containing from 1 to 6 carbon atoms.
The term "Ci~Cs- alkyl” means a straight or branched chain hydrocarbon containing from 110 3
carbon atoms. Representative examples of alkyl include, but are not limited to, methyi, ethyl, n-
propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, iscpentyl, neopentyl, n-
hexyl, 3-methylhexyl, 2,2-dimethyipentyl, 2,3-dimethylpentyl, 4,4-dimethylpentan-2-yi, n-
heptyl, n-octyl, n-nonvyi, and n-decyl.

[0025] The term "alkenyl,” as used herein, means a straight or branched, hydrocarbon chain
containing at least one carbon-carbon double bond and from 2 to 10 carbon atoms.

10026] The term “alkoxyalkyl,” as used herein, refers to an alkoxy group, as defined herein,
appended to the parent molecular moilety through an alkyl group, as defined herein. The
atkoxyalkyl group may be represented by the general formula LOR, wherein L may be a Cra-
alkylene such as CH» and R may be a Cia-altkyl Representative examples may include but is not
fimited to ~-CH,OCH;, -CHOCHCH3, ~CHROCH :CHCHS.

100271 The term “alkoxyfluorcalkyl,” as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through a Hluoroalky! group, as defined
herein.

10028] The term “alkylene,” as used herein, refers to a saturated divalent group derived
from a straight or branched chain hydrocarbon of 1 {0 10 carbon atoms, for example, of 2105
carbon atoms. Representative examples of alkylene include, but are not limited to, -CHs-,
~CHCHy, ~CHCHRCHy -, ~CHRCH{CHRICH -, ~CHLCHCHL CH -, -CHLCH{CH)CH,CHy-, and
~CHCHCHCHaCH -,

{0029} The term “alikylamino,” as used herein, means at least one alkyl group, as defined
herein, is appended to the parent molecular molety through an amino group, as defined hereln.
10036] The term “aminoaliyl,” as used herein, means at least one amino group, as defined
herein, is appended to the parent molecular molety through an alkvlene group, as defined
herein.

[0031] The term “amine,” as used herein, means ~NRR,, wherein R, and R, may be
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, heterocycle, atkenyl, or heteroalkyl, or Reand Ry

may together with the N to which they are attached form a heterocyele. In the case of an
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aminoalky! group or any other moiety where amino appends together two other maoleties,
amino may be -NR—, wherein B, may be hydrogen, alkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, alkenyl, or heteroalkyl.

[0032] The term “aryl,” as used herein, refers to a phenyl group, or a bicyclic or tricyclic
fused ring system. Bicyclic fused ring systems are exemplified by a phenyl group appended to
the parent molecular moiety and fused to a phenvyl group, a cycloaltkyl group as defined herein,
a heteroaryl group as defined herein, or a heterocycle as defined herein. Tricyclic fused ring
systemns are exemplified by a phenyl group appended to the parent molecular molety and fused
10 a bicyclic fused ring system as described herein. Representative examples of aryi include, but
are not limited to, phenyl, naphthyi, anthracenyl, indolyl {e.g., 1H-indob-4-yl, 1H-indobk-5-yi, 1H-
indol-6-yl, and 1H-indol-7-vl}, benzodioxolyl {e.g., benzro[d][1,3]dioxol-4-yl and
henzo{d|[1,3]dioxol-5-yl}, chromanyl {e.g., chroman-5-yl, chroman-6-vi, chroman-7-vl, and
chroman-8-yl}, and tetrahydroquinolinyl {e.g., 1,2,3,4-tetrahydroquinolin-5-yi, 1,2,3,4-
tetrahydroguinolin-G-yi, 1,2,3 4-tetrahydroquinolin-7-yl, and 1,2,3 4-tetrahydroguinolin-8-vi}.
[0033] The term “cycloalkoxy,” as used herein, refers to a cycloalkyl group, as defined
herein, appended to the parent molecular molety through an oxygen atom.

10034] The term “cycloalkyl,” as used herein, refers to a carboceydlic ring system containing
three to ten carbon atoms, zero heteroatoms and zero double bonds. The cycloalkyl may be
rnonocyclic, bicyclic, bridged, fused, or spirocyciic. Representative examples of cycloalkyi
include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cycichexyl, cycloheptyl,
cyclonctyl, cyclononyi, cyclodecyl, adamantyl, and bicycloil. 1. 3]pentanyl. “Cycloalkyl” also
includes carbocyclic ring systems in which a cycloalkyl group is appended to the parent
molecular molety and is fused to an aryl group as defined herein {e.g., a phenyi group}, &
hetercaryl group as defined herein, or a heterocycle as defined herein. Representative
examples of such cycloaliyl groups include, but are not limited to, 2,3-dihydro-1H-indenyl {e.g.,
2,3-dihydro-1H-inden-1-y!l and 2,3-dihydro-1H-inden-2-yl}, 6,7-dihydro-5H-
cyclopentalbipyridinyl {e.g., 8,7-dihydro-SH-cyclopenta[blpyridin-6-yl}, oxaspiro[3.3]heptanyi
{e.g., 2-oxaspiro{3.3}heptan-6-yl}, and 5,6,7,8-tetrahydroguinolinyl {e.g., 5,6,7.8-

tetrahydroguinolin-S-yi}.
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[0035] The term “cycloalikenyl,” as used herein, means a non-aromatic monocyclic or
riutticyclic ring system containing at least one carbon-carbon double bond and preferably
having from 5-10 carbon atoms per ring. The cycloalkenyl may be monocyclic, bicyclic, bridged,
fused, or spirocyclic. Examplary monooyclic cycloaltkenyl rings include cyclopentenyl,
cyclohexenyl, cycloheptenyl, and bicycle{2.2. 1 heptenyl.

[0036] The term “fluoroalkyl,” as used herein, means an alkyl group, as defined herein, in
which one, two, three, four, five, six, seven or eight hydrogen atoms are replaced by fluorine.
Representative examples of fluoroalkyl include, but are not limited to, 2-fluoroethyl, 2,2,2-
trifluoroethyl, trifiucromethyl, diffucromethyl, pentatlucroethyl, and triflucropropyl such as
3,3, 3triflucropropyl.

[0037] The term “Huoroalkoxy,” as used herein, means at least one fluoroalkyl group, as
defined herein, is appended to the parent molecular moiety through an oxygen atom.
Representative examples of fluoroalkoxy inciude, but are not limited to, diffuoromethoxy,
trifluoromethoxy and 2,2, 2-trifluoroethoxy.

[0038] The term "halogen” or "halo,” as used herein, means Cl, Br, |, or .

08033} The term “haloalkyl,” as used herein, means an alkyl group, as defined herein, in
which one, two, three, four, five, six, seven or eight hydrogen atoms are replaced by a halogen.
[0040] The term “haloalkoxy,” as used herein, means at least one haloalkyl group, as
defined herein, is appended to the parent molecular moiety through an oxygen atom.

[0041] The term “halocycloalkyl,” as used herein, means a cycloalkyl group, as defined
hergin, in which one or more hydrogen atoms are replaced by a halogen.

10042} The term “heteroalkyl,” as used herein, means an alkyl group, as defined herein, in
which one or more of the carbon atoms has been replaced by a heteroatom selected from 5, §,
P and N. Representative examples of heteroalkyls include, but are not limited to, alkyl ethers,
secondary and tertiary altkyl amines, amides, and atkyl suifides.

10043] The term “heteroaryl,” as used herein, refers to an aromatic monocyclic ring or an
aromatic bicyclic ring system. The aromatic monocyclic rings are five or six memberad rings
containing at least one hetercatom independently selected from the group consisting of N, O

and S{e.g. 1, 2, 3, or 4 heterpatoms independently selected from §, 5, and N}. The five
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membered aromatic monoecyclic rings have two double bonds and the six membered six
membered aromatic monocyclic rings have three double bonds. The bicyclic heteroaryl groups
are exemplified by a monocyclic heteroarvl ring appended to the parent molecular moiety and
fused to a monocyclic cycloalkyl group, as defined herein, a monocyclic aryl group, as defined
herain, a3 monocyclic hetercaryl group, as defined herein, or a monecyclic heteracycie, as
defined herein. Representative examples of hetercaryt include, but are not limited to, indolyl,
pyridinyt {including pyridin-2-yl, pyridin-3-yi, pyridin-4-y1}, pyrimidiny, pyrazinyl, pyridazinyl,
pyrazobyl, pyrrolyl, benzopyrazolyl, 1,2,3-triazobyd, 1,3,4-thiadiazolyl, 1,2,4-thiadiazoly, 1,3,4-
oxadiazaolyl, 1,2, 4-oxadiazolyl, imidazolyi, thiazolyl, isothiazolyl, thienyi, benzimidazoly,
henzothiazolyl, benzoxazolvl, benzoxadiazolyl, benzothienyl, benzofuranyi, isobenzoturany,
furanyl, oxazolyl, isoxazolyvl, purinyi, isoindolyl, guinoxalinyl, indazolyl, quinazolinyl, 1,2,4-
triazinyi, 1,3,5-triazinyl, iscquinolinyl, quinolimy, 6,7-dihydro-1,3-benzothiazolyl, imidazo(l,2-
glpyridinyt, naphthyridinyl, pyridoimidazolyl, thiazolo[5,4-6]pyridin-2-vi, thiazolo(s,4-
dipyrimidin-2-yL

[0044] The term “heterocycle” or "heterocyclic,” as used herein, means a moenocyclic
heterocycle, a bicyclic heterocycle, or a tricyclic heterocycle. The monocyclic heterocycle is a
three-, four-, five-, six-, seven-, or eight-membered ring containing at least one heterpatom
independently selected from the group consisting of G, N, and S. The three- or four-membered
ring contains zero or one double bond, and one heteroatom selected from the group consisting
of O, N, and 5. The five-membered ring contains zers or one double bond and one, two or three
heterpatoms selected from the group consisting of G, N and 5. The six-membered ring contains
zerg, one or two double bonds and one, two, or three heteroatoms selected from the group
consisting of O, N, and & The seven- and eight-memberead rings contains zero, one, two, of
three double bonds and one, two, or three hetercatoms selected from the group consisting of
0, N, and 5. Representative examples of monocyclic heterocycles include, but are not limited
1o, azetidinyl, azepanyi, aziridinyl, diazepanyl, 1,3-dioxanyl, 1,3-dioxolanyl, 1,3-dithiolanyi, 1,3~
dithianyl, imidazolinyl, imidazolidinyl, isothiazoliny, isothiazolidinyi, isoxazolinyl, isoxazolidinyl,
morpholinyl, oxadiazolinyl, oxadiazolidinyl, oxazoliny, oxazolidinyl, oxatanyl, oxepanyi,

oxocanyl, piperazinyl, piperidinyl, pyranvi, pyrazolinyl, pyrazolidinyl, pyrrolinyl, pyrrolidiny,
Yi, pip Yi, Bip Vi, pyranyi, py ¥i. Py Vi py ¥i, By Y
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tetrahydrofurany, tetrahydropyranyl, tetrahydropyridinyd, tetrahydrothienyd, thiadiazolinyl,
thiadiazolidinyl, 1,2-thiazinanyl, 1,3-thiazinanyi, thiazolinyl, thiazolidinyi, thiomorpholiny,
thiopyranyl, and trithianyl. The bicyclic heterocycle is a monocyclic heterocycle fused to a
phenyl group, or a monocyclic heterocycle fused to a monocyclic cycloalkyl, or a monocyclic
heterocycle fused to a manocychic cycicalkenyl, or a monocyclic heterocycle fusedtoa
mongcyclic heterocycle, or a spiro heterocycle group, or a bridged monocyclic heterocydle ring
systermn in which two non-adjacent atoms of the ring are linked by an alkylene bridge of 1, 2, 3,
or 4 carbon atoms, or an atkenylene bridge of two, three, or four carbon atoms. Representative
examples of bicyclic heterocycles include, but are not imited to, benzopyranyl,
benzothiopyranyl, chromanyl, 2,3-dihydrobenzofuranyi, 2,3-dihydrobenzothienyi, 2,3~
dihydroisogquinoiine, 2-azaspiro{3.3lheptan-2-yl, 2-oxa-6-azaspire[3.3]heptan-6-yl,
azabicyclo[2.2. 1] heptyl {including 2-azabicyclo[2.2. 1Thept-2-yl}, oxabicycio{2.2. 1theptanyl
{including 7-oxabicycle{2.2.1]heptan-3-yl), azabicycle[3.1.0lhexanyl {including 3-
azabicyclo[3.1.0Thexan-3-yl}, 2,3-dihydro-1H-indolyl, isocindolinyl,
octahydrocyciopentalcipyrrolyl, octahydropyrrolopyridinyl, and tetrahydroisoguinelinyl.
Tricyclic heterocycies are exemplified by a bicyclic heterocycle fused to a phenyl group, or a
bicyclic heterocycie fused to a monocyclic cycloalkyl, or a bicyclic heterocoycle fused to a
monocyclic cycloatkenyl, or a bicyclic heterocycle fused to a monocyclic heterocycle, or a
bicyclic heterocycle in which two non-adjacent atoms of the bicyclic ring are linked by an
alkyvlene 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-methanocyclopentalbifuran, hexahydro-1H-1,4-
methanocyclepentalcifuran, aza-adamantane {1-azatricycin][3.3.1.13,7idecane}, and oxa-
adamantane {2-oxatricycln(3.3.1.13,7|decane}. The monocyclic, bicyclic, and tricyclic
heterocycles are connected to the parent molecular moiety through any carbon atom or any
nitrogen atom contained within the rings, and can be unsubstitutad or substituted.

[0045] The term “hydroxy!” or “hydroxy,” as used herein, means an -OH group.

[0048] The term “hydroxyalkyl,” as used herein, means at least one -OH group, is appended

to the parent molecular moiety through an alkylene group, as defined herein.
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10047] The term “hydroxyTluoroaltkyl,” as used herein, means at least one -OH group, is
appended to the parent melecuiar molety through a fluoroalky! group, as defined herein.
[0048] in sore instances, the number of carbon atoms In a hydrocarbyl substituent {e.g.,
alky! or cycloalkyl} is indicated by the prefix “Ci-C,-", wherein x is the minimum and vy is the
maximum number of carbon atoms in the substituent. Thus, for example, “Ci-Cr-alkyl” refers to
an altkyl substituent containing from 1 to 3 carbon atoms.

[0049] The term “substituents” refers to g group {non -hydrogen} “substituted” on a group
such as an atkyi, atkenyl, altkynyl, aryl, hetercaryl, cycloalkyl, heterocalkyl, or heterocycle group,
at any atom of that group. Any atom can be substituted.,

10058] The term “substituted” refers to a group that may be further substituted with one or
rmore non-hydrogen substituent groups. Substituent groups include, but are not limited to,
haiogen, =0 {oxo}, =5 {thioxa}, cyano, nitro, fluoroalkyl, atkoxyfluoroalkyl, fiuorcatkoxy, alkyl,
alkenyi, alkynyi, haloalkyl, halealkoxy, heteroalkyl, cycloalkyl, cycloatkenyl, aryl, hetercaryl,
heterocycle, cycloaikylalkyl, heteroaryialkyl, arylalkyl, hvdroxy, hyvdroxyalkyl, alkoxy, alkoxyalkyl,
alkylene, aryloxy, phenoxy, benzyloxy, aming, alkylamino, acylaming, aminoalkyl, arylamino,
sulfonylaming, sulfinylaming, sulfonyl, atkylsulfonyl, arvisulfonyl, aminosulfonyl, sulfinyl, -
COQOH, ketone, amide, carbamate, and acyl. In some emboediments, a group is optionally
substituted. In some embodiments, a group is optionally substituted with 4, 2,3, 4, or 5
substituents. In some embodiments, an aryl, heteroaryl, cycloalkyl, or heterocycle is optionally
substituted with 1, 2, 3, 4, or 5 substituents. i some embodiments, an aryl, heteroaryl,
cycloalkyl, or heterocycle may be independently unsubstituted or substituted with 1, 2, or 3
substituents.

8051} For compounds described herein, groups and substituents thereof may be selected
in accordance with permitted valence of the atoms and the substituents, such that the
selections and substitutions result in a stable compound, e.g., which does not spontanecusly
undergo transformation such as by rearrangament, cyclization, elimination, etc.

[0052] The term “allosteric site” as used herein refers to a ligand binding site that is

topographically distinct from the orthosteric binding site.
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[0653] The term “modulator” as used herein refers to a molecular entity {e.g., but not
limited to, a ligand and a disclosed compound} that modulates the activity of the target
receptor protein.

[0054] The term “ligand” as used herein refers to a natural or synthetic molecular entity
that is capable of associating or binding to a recaptor to form a complex and mediate, pravent
or modify a biological effect. Thus, the term "ligand” encompasses allosteric modulators,
inhibitors, activators, agonists, antagonists, natural substrates and analogs of natural
substrates.

[0055] The terms “natural ligand” and "endogenous ligand” as used herein are used
interchangeably, and refer to a naturally occurring ligand, found in nature, which bindsto a
receptor.

[00586] The term “orthosteric site” as used herein refers to the primary binding site on a
receptor that is recognized by the endogenous Hgand or agonist for that receptor. For example,
the orthosteric site in the mAChR My raceptor is the site that acetyicheline binds to.

[0057] The term "mAChR M, receptor positive allosteric modulator” as used herein refers
1o 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 acetyicholine, or
ancther agonist, in an animal, in particular a marmmal, for exampie a human. For example, a
mAChR Mj receptor positive allosteric modulator can increase the activity of the mAChR My
receptor in a cell in the presence of extracellular acetvicholine. The cell can be Chinese hamster
ovary {CHO-K1) cells transfected with human mAChR Ma. The cell can be Chinese hamster ovary
{CHO-K1) celis transfected with rat mAChR M, receptor. The call can be Chinese hamster ovary
{CHO-K1} celis transfected with a mammalian mAChR Ma. The term “mAChR Mg receptor
positive allosteric moduiater” includes a compound that is a “mACHhR Ma receptor allosteric
potentiator” or a “mAChR My receptor allosteric agonist,” as well as a compound that has
rixed activity comprising pharmacology of both an “mAChR M, receptor allosteric potentiator”
and an “mAChR My receptor allosteric agonist.” The term "mAChR My receptor positive
allosteric modulator also includes a compound that is a "mAChR My receptor allosteric

enhancer.”
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[8058] The term “mAChR Ma receptor allosteric potentiator” 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 acetyicholine} when the endogenous ligand binds
1o the orthosteric site of the mAChR Mj receptor in an animal, in particular a mammal, for
example a human. The mACHR M receptor allosteric potentiator binds to a site other than the
orthosteric site, that is, an allosteric site, and positively augments the response of the receptor
to an agonist or the endogenous ligand. In some embodiments, an allosteric potentiator does
not induce desensitization of the receptor, activity of a compound as an mAChR My receptor
allosteric potentiator may provide advantages over the use of a pure mAChR My receptor
orthosteric agonist. Such advantages may include, for example, increased satety margin, higher
tolerability, diminished potential for abuse, and reduced toxicity.

[0059] The term “mAChR M receptor allosteric enhancer” as used herein refers to any
exogencusly administered compound or agent that directly or indirectly augments the response
produced by the endogenous ligand {such as acetylcholine) in an animal, in particular a
mamimal, for example a human. in some embodiments, the allosteric enhancer increases the
atfinity of the natural ligand or agonist for the orthosteric site. In some embodiments, an
allosteric enhancer increases the agonist efficacy. The mAChR Ma receptor aliosteric enhancer
binds to a site other than the orthosteric site, that s, an allosteric site, and positively augments
the response of the receptor 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.

100601 The term "mAChR M receptor allosteric agonist” as used herein refers to any
exogenously administered compound or agent that directly activates the activity of the mAChR
Ma receptor in the absence of the endogenous ligand {such as acetyicholine} in an animal, in
particular a mammal, for example a human. The mAChR My receptor allosteric agonist binds to
a site that is distinct from the orthosteric acetyicholine site of the mAChR M receptor. Because
it does not require the presence of the endogenous ligand, activity of a compound as an mAChR

Ma receptor ailosteric agonist provides advantages if cholinergic tone at a given synapse is low,
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86617 The term “mAChR Ma receptor neutral allosteric ligand” as used herein rafers to any
exogenously administered compound or agent that binds to an allosteric site without affecting
the binding or function of agonists or the natural ligand at the orthosteric site in an animal, in
particilar a mammal, for example a human. However, a neutral allosteric ligand can block the
action of other allosteric modulators that act via the same site.

[0062] For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision is explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1, 6.2, 6.3, 6.4, 65, 6.6, 6.7, 6.8, 6.9, and 7.0 are axplicitly contemplated.

2. Embodiments of the invention

[0063] in the following, embodiments of the invention are disclosed. The first embodiment
is denoted E1, the second embodiment is denoted E2 and so forth.

[0664] £1. A compound of formula {1},

(R

or a pharmaceutically acceptable salt thereof, wherein:

Xis CR™or N;

R'is selected from hydrogen, Ci-Ce-alkyl, Ci-Ca-haloalkyl, Ci-Ca-hydroxyalkyl, C5-Ce-
cycloalkyl, ~U-Ca-Ce-cycloalkyl, halo, ~L*OR® and OR?;

R? is selected from hydrogen, Ci-Cealkyl, Ci-Ca-haloalkyl, Co-Cs-cycloalkyl, halo, ~L2OR®,
ORP, NHR®, and N{RP}»;

R¥ is selected from hydrogen, Ci-Ca-alkyl, Ci-Co-haloalkyl, Co-Ce-cycloaikyl, halo, ~LIOR",
and OR%
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each R is independently selected from C1-Ce-alkyl, OR?, ~L*0OR?, and halo;

each R is independently selected from C-Ca-atkyl, Ci-Ca-haloalkyl, OR®, ~L°0R%, a5 or 6
rembered heteroaryl, a phenyl, C3-Ce-cycloalkyl, and halo; or

wherein two R®, taken together with the carbon atoms to which they are attached, form
a 5- 1o &-membered fused monocyclic heterocycle containing 1-2 hetercatoms independently
selected from O, N, and 5, the fused monocyclic heterocycle being optionally substituted with
1-4 R,

R™ is selected from hydrogen, Ci-Ca-alkyl, Ci-Ca-haloalkyl, Cs-Ce-cycioalkyl, OR®, ~L°0R®,
and halo;

each R is independently selected from Ci-Co-alkyl {e.g., methyl), Ci-Co-fluoroaikyl {e.g.,
trifluoromethyl, difiuoromethyl}, Ca-Ca-cycloalkyl {e.g., cyclopropyl), -0C-Cr-alkyl {e.g.,
methoxyl, -0C-Co-fluoroalkyl {e.g., trifluoromethoxy, diflucromethoxy}, cyano, and halo {e.g.,
fluoro, chioro;

each RS is independently selected from oxo, C1-Ca-alkyl, OR|, ~LPORY, and halo;

R7is selected from hydrogen, Ci-Ca-alkyl, C:-Ci-haloalkyl, Co-Cs-cycloalkyl, halo, ~L20OR®,
OR", NHRP, and N{R"};;

eis, lor;

misQ, 1or2;

nis0, 1, or 2;

L5 L% L3 L4 L5, and Lf at each occurrence, are each independently C;-Ca-alkylene; and

R2, R, RS R, Re, and R, at each occurrence, are each independently selected from C-Cy-
alkyl, C1-Ca-haloalkyl, and Ca-Cs-cycioatkyl, wherein two RP, together with a nitrogen atom to
which they are attached, optionally form a 4- 1o 7-membered monocyclic heterocyclyi, the
heterocycivl being optionally substituted with 1-4 substituents independently selected from
halo, C-Ca-alkyl, and C-Ca-haloalkyl.

106865] £2. The compound of emboediment E£1 having the formula (-4},
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w3y
\R fo 5k
R™%h

YR

{I-A}

or a pharmaceutically acceptable salt thereot, wherein

each R> is independently selected from hydrogen, Ci-Ce-alkvl, C1-Ca-haloalkyi, OR®,
~L°0R®, a 5 or 6 membered heteroaryl, a phenyl, C3-Ce-cycioaikyl, and hale; or

wherein two R, taken together with the carbon atoms to which they are attached,
form a 5- to 8-membered fused monocyclic heterocycle containing 1-2 heteroatoms
independently selected from G, N, and 5, the fused monocyclic heteracycle being optionally
substituted with 1-4 R®,
[0066] £3. The compound of emboediment £1 or £E2, or a pharmaceutically acceptable salt
thereof, wherein two R® or R, taken together with the carbon atoms to which they are
attached, form the 5- to 8-membered fused monocyclic heterocyele.
[0067] E4. The compound of any of embodiments £E1 toE3, or a pharmaceutically acceptable
saft thereof, wherein the 5- to 8-membered fused monocyclic heterocycle formed with R® or R*
contains 1-2 heteroatoms independently selected from O and N and is eptionally substituted
with 1-2 RS,

[0068] £5. The compound of any of embodiments £1 toE3 of formula {I-B},
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(-8}
or a pharmaceutically acceptable salt thereof, wherein
Glis
S o ST S ) N0
L RN TR, L o ®e | 7R
x\ Q x\ x\ XN O
(R} (R*), _ (R, (R,
.sSE SO O~ \ ey, S
T AY
/J R)q //) , m(P
X ,
(RSb)n , ( 5 , }\Sb y
st \
":""'RG(
’of NH( )J
X
(R ;and

each q is independentlv 0, 1, 2, 3, or 4.
[08063] £6. The compound of embediment E5, or a pharmaceutically accepiable salt thereof,

wherein
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N,f\c‘i Caalieylio.q A A A

N NG 4-Caatkyo s
, Of R O ; and

R is hydrogen, C1-Cs-alkyl, or halo.
10076] E7. The compound of embodiment EB, or a pharmaceutically acceptable salt thereof,
wherein

Glis

186743 £8. The compound of any one of embodiments £1 to E5 of formula {la)
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{RM,
R r/*/ 0O Ry 0\1
{ DN
X0
(R™,
{1a}

or a pharmaceutically acceptabie salt thereof.

10072} E9. The compound of any one of embaodiments E1 to ES of formula (ib}

(R

{ib
or a pharmaceutically acceptabie salt thereof.

[0073] £10. The compound of any one of embodiments £1 toE9, or a pharmaceutically
acceptable salt thereof, whereinnis 0.

10074] £11. The compound of embodiment EX or E2, or 3 pharmaceutically acceptable salt
thereof, wherein each R or R™ is independently selected from hydrogen, Ci-Ca-alkyl, C-Ca-
haloalkyl, OR®, ~L°0R®, 3 5 or & membered heteroarvl, a phenyl, C-Ce-cycloalkyl, and hale.
[0075] £12. The compound of embodiment £1, £2, or £11, or a pharmaceutically acceptable
salt thereof, wherein each R® or R s independently selected from hydrogen, Ci-Ca-alkyl, Ci-Cs-
haioalkyl, OR®, ~L°0R®, and halo.

[0076] E13. The compound of embodiment £12 of formula {I-8)
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{--8)

or a pharmaceutically acceptable salt thereof, wherein

Glis

GCﬂ C4aikyi
@C -Caalkyl @C - gfluoroaliyl O halo P
ha!o ,

CrC,:;&Ek‘ji

S N . sy /4 el
| - CrCaly | 7 CCalkyl | oo
N . N

N ,oF

7

C»g -'C4aik.yi

j{\%
wff”\vo\(‘;rcgaikyl

N

10077} £14. The compound of embodiment E13, or a pharmaceutically acceptable salt

thereof, wherein

G'is
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G- yalicyt

“haio, halo

§© f@\/ g CrCaalkyl
N Cy-Caaliyl NE 0\61--C4alkyi, E a O{&"C@Ekyiim
fﬁ;ﬁ@ikyi

NE O\C“—Caaikyi _

[0078] E15. The compound of embodiment £14, or a pharmaceutically acceptable salt

™G -Calicy! ™G -Cafluoroalkyl

thereof, wherein

Gt is

[0079] E16. The compound of any one of embodiments E1 to E15, or a pharmaceutically
acceptable salt thereof, wherein R¥ is hydrogen, Ci-Ce-alkyl, Ca-Cs-cycioalkyl, or —L30R®,
[0080] E17. The compound of embodiment £16, or a pharmaceutically acceptable salt
thereof, wherein R? is C-Ca-alkyl.

[ooRL] £18. The compound of embodiment £E17, or a pharmaceutically acceptable salt

thereof, wherein R? is methyl.
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[0082] £18. The compound of any of embodiments E1-E18, or a pharmaceutically
acceptable salt thereof, wherein R' is hydrogen, Ci-Ca-alkyl, Ci-Cs-haloalkyl, C3-Ce-cycloalkyd,
L Ca-Co-cyoloatkyl, or ~LIORY.

[0083] £20. The compound of embodiment £19, or a pharmaceutically acceptable salt
thereof, wherein R is C-Ca-alkyl.

[0084] £E21. The compound of embodiment £19, or a pharmaceutically acceptable salt
thereof, wherein R is hydrogen.

[0085] £22. The compound of embodiment £19, or a pharmaceutically acceptable salt
thereof, wherein R is C-Co-fluoroalkyl,

10086] £23. The compound of embodiment E22, or a pharmaceutically acceptable salt
thereof, wherein R is triflucromethyl.

[0087] £24. The compound of embodiment £22, or a pharmaceutically acceptable salt
thereof, wherein R is difluoromethyl.

[O088] E25. The compound of any one of embodiments £1 to E24, or a pharmaceutically
acceptable salt thereof, wherein R? is selected from hydrogen, C-Ca-alkyl, C3-Ce-cycloalkyl,
~L20RP, ORP, NHRP, and N{R},.

10083 £26. The compound of embodiment E25, or a pharmaceutically acceptable salt
thereof, wherein R? is {1-Ca-alkyl.

[0050] £E27. The compound of embodimenet £25, or a pharmaceutically acceptable salt
thereof, wherein R? is hydrogen.

[0091] £28. The compound of embodiment E25, or a pharmaceutically acceptable salt
thereof, wherein R? is methyl.

106082} £29. The compound of any one of embodiments E1 to E28, or a pharmaceutically
acceptable salt thereof, wherein R% is C1-Cs-alkyl or halo.

10033] £30. The compound of any of embodiments £E1 tof28, or a pharmaceutically
acceptable salt thereof, whereinois 0.

[0094] £E31. The compound of any of embodiments £1 10£29, or a pharmaceutically

acceptable salt thereof, whersinois 1.



WO 2022/015988 PCT/US2021/041836

10085] £32. The compound of any one of embodiments E1 to E31, or a pharmaceutically
acceptable salt thereof, wherein R7 is selected from hydrogen, Ci-Cs-alkyl, Co-Ce-cyeloalkyl, halo,
and N{RM,.

[0096] £33. The compound of embodiment £32, or a pharmaceutically acceptable salt
thereof, wherein R7 is selected from hydrogen, methyl, cyclepropyl, fluore, chloro, and azetidin-
1yl

[0097] £34. The compound of embodiment £33, or a pharmaceutically acceptable salt
thereof, wherein R’ is hydrogen.

10098] £35. The compound of any one of embodiments E1 to ES or E8 1o £E34, or 3
pharmacesutically acceptable salt thereof, wherein Xis N.

[0099] £E36. The compound of any one of embodiments E1 to E34, or a pharmaceutically
acceptable salt thereof, wherein X is CR®,

[00100]  E37. The compound of embodiment E36, or a pharmaceutically acceptable salt
thereof, wherein R* is hydrogen.

[00101] E38. The compound of embodiment E1, selected from the group consisting of:
[oo102]  7-{4-{{2,3-dihydrobenzolb]{1,4idioxin-6-yi-2,2,3,3-d4)oxy}piperidin-1-vi}-&-methyi-
4H-pyrimido[1,2-blpyridazin-4-one;

801031 7-{4-{{2,3-dihydrobenzol[b]{1,4ldioxin-6-y1-2,2,3,3-d4)oxyipiperidin-1-y}-8-methyl-
4H-pyrimido[l,2-blpyridazin-4-one;

[00104]  3-chioro-7-{4-({2,3-dihydrobenzolbi{1,4]dioxin-6-yl-2,2,3,3-d4)oxyipiperidin-1-yi}-&-
methyl-4H-pyrimidel1,2-b]pyridazin-4-one;

(001051 8-methyl-7-{4-{{6-methylpyridin-3-yljoxylpiperidin-1-yi}-4H-pyrimidof1,2-
blpyridazin-4-one;

1001061  7-{4-{4-Tfluorophenoxyipiperidin-1-yi}-&-methyl-dH-pyrimidof1,2-b]pyridazin-4-one;
061077 7-{4-{{2,3-dihydrobenzol[b}{1,4idioxin-6-yl}oxyipiperidin-1-yi}-8&-methyl-4H-
pyrimidoil,2-blpyridazin-d-one;

[00108)  3-chioro-&methyl-7-{4-{(8-methyl-2,3-dihydrobenro[b][1,4]dioxin-6-y1-2,2,3,3-

ddioxyipiperidin-i-vi}-4H-pyrimido{l, 2-blpyridazin-4-one;
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061097 2-methyil-7-{4-{{8-methyl-2,3-dihydrobenzobl[1,4]dioxin-6-yi-2,2,3,3-
ddloxylpiperidin-1-yi}-4H-pyrimidoil, 2-blpyridazin-4-one;

00110} 7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-y1-2,2,3,3-d4)oxy}piperidin-1-yl}-3-fluoro-

2, 8-dimethyi-4H-pyrimido{1,2-blpyridazin-4-ong;

06111} 7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-y1-2,2,3,3-d4Joxy)piperidin-1-y{}-3,8-
dimethyl-4H-pyrimido{l,2-blpyridazin-d-one;

001127 3-cyclopropyl-7-{4-{{2,3-dihydrobenzoib]{1,4]dioxin-6-y1-2,2,3,3-d4}oxy}piperidin-1-
vil-8-methyi-dH-pyrimido{l,2-bipyridazin-4-one;

88143} 3-chioro-7-{4-{{2,3-dihydrobenzo[bi{1,4idioxin-6-yi}oxy)piperidin-1-yi}-8-methyl-4H-
pyrimidoil,2-blpyridazin-d-one;

00114} 7-{4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yl-2,2,3,3-d4)oxypiperidin-1-vi}-2,8-
dimethyi-4H-pyrimido{1,2-blpyridazin-4-one;

[06115] 7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-yi-2,2,3,3-d4}oxy)piperidin-1-yl}-8-methyl-2-
{trifluoromethyil-4H-pyrimido[1, 2-blpyridazin-4-ong;

00116l 7-{{3R,4R}-4-{{2,3-dihydrobenzolb}i1,4]dioxin-6-ylloxy}-3-fluoropiperidin-1-yi}-8-
methyl-dH-pyrimido[1, 2-blpyridazin-4-one;

061177 7-{4-{{2,3-dihydrobenzolb]{1,4idioxin-6-vi-2,2,3,3-d4)oxy}piperidin-1-vi}-3-fluoro-
2,8.8-trimethyl-dH-pyrimido{l,2-b]pyridazin-4-one;

(00118} 7-{{35,4R}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yhoxy}-3-flucropiperidin-1-vi}-2,8-
dimethyi-4H-pyrimido{1,2-blpyridazin-4-one;

[0G11%8]  7-{{3S5,4R}-4-{(2,3-dihydrobenzoiblil,4]dioxin-6-yHoxy}-3-fluoropiperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-4-ong;

001207 3-{azetidin-1-vi}-7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-yi-2,2,3,3-d4}oxyipiperidin-
1-yi}-8-methyl-4H-pyrimido{l, 2-bipyridazin-4-oneg;

061237 7-{{3R,4R}-4-{{2,3-dihvdrobenzolblil,4]dioxin-G-yi}oxyi-3-fluoropiperidin-1-yi}-3-
fluore-2,8-dimethyl-dH-pyrimido{1,2-b]pyridazin-d-one;

001231 7-{{35,45)-4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yhoxy}-3-fluocropiperidin-1-yl}-3-

flupro-2,8-dimethyl-4H-pyrimide[1,2-b]pyridazin-4-one;
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061237 7-{(35,45}-4-{{2,3-dihydrobenzoibli1,4]dioxin-6-yi-2,2,3,3-dd oxy}-3-fluoropiperidin-
1-yi-3-fluore-2,8-dimethyl-4H-pyrimido{1, 2-b]pyridazin-4-ong;

00124} 7-{4-{{2,3-dihydrobenzo[bl[1,4]dioxin-6-yi-2,2,3,3-d4}oxypiperidin-1-yl-4-d}-8-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;

[0G123]  7-{4-{{2,3-dihydrobenzo[bi{1,4idioxin-6-yi-2,2,3,3-d4}oxy}piperidin-1-yl-4-d}-2,8&-
dimethyl-4H-pyrimido{l,2-blpyridazin-d-one;

[0o126]  7-{{3R,4R}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi-2,2,3,3~-d4d}oxy}-3-fluoropiperidin-
1-yl}-8-methyl-4H-pyrimido{1,2-bipyridarzin-4-one;

001277 7-{(35,45}-4-{{2,3-dihydrobenzoibli1,4]dioxin-6-yi-2,2,3,3-dd Joxy}-3-fluoropiperidin-
1-yi-8-methyl-4H-pyrimido{l, 2-bipyridazin-4-oneg;

(001287  7-{{3R,45}-4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yhoxy}-3-fluoropiperidin-1-vi}-8-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;

[0612%]  7-{{3R,45}-4-{{2,3-dihydrobenzoib]i1,4]dioxin-6-yHoxy}-3-fluorepiperidin-1-yi}-2,8-
dimethyl-4H-pyrimido{l,2-blpyridazin-d-one;

001301 7-{4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yi-2,2,3,3-dd}oxy}piperidin-1-y1}-2,3,8-
trimethyl-4H-pyrimido{l,2-b]pyridazin-4-one;

0613317 2-{difluoromethyh}-7-{4-{{2,3-dihydrobenzobl{1,4]dioxin-6-vi-2,2,3,3-
ddloxylpiperidin-1-yh-8-methyl-4H-pyrimido]l, 2-bipyridazin-4-one;

(00133} Z-cyclopropyl-7-{4-{{2,3-dihvdrobenzoib]{1,4]dioxin-6-yl-2,2,3,3-d4 }Joxy}piperidin-1-
yi}-&-methyi-dH-pyrimidoll,2-bipyridazin-4-one;

[06133] 7-{4-{{2,3-dihydrobenzo[bi{1,4]dioxin-6-yi-2,2,3,3-d4}oxy}piperidin-i-yi-4-d}-8-
methyl-2-{trifluoromethyii-dH-pyrimidol1,2-bipyridazin-4-ong;

001347 7-{4-{{2,3-dihydrobenzo[bi{1,4]dioxin-6-yi-2,2,3,3-d4d}oxyipiperidin-i-yl-4-d}-3-
fluore-2,8-dimethyl-dH-pyrimido|1,2-b]pyridazin-d-one;

061357 7-{4-{{2,3-dihydrobenzo|[b}{1,4idioxin-6-yi-2,2,3,3-d4)oxyipiperidin-1-vl-4-d}-2,3,8-
trimethyl-dH-pyrimido{l,2-blpyridazin-4-one;

(00136 3-chioro-7-{4-{{2,3-dihydrobenzo[bi[l,4idioxin-6-yi-2,2,3,3-d4loxy)piperidin-1-yl}-

2,.8-dimethyl-4H-pyrimide(1,2-b]pyridazin-4-one;
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1061377 7-{4-{{2,3-dihydrobenzo|b]{1,4idioxin-6-yl}oxyipiperidin-1-yi-4-d}-8-methyl-4H-
pyrimidoil,2-blpyridazin-d-one;

[00138)  7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-ylloxyipiperidin-1-yi-4-d}-8-methyl-2-
{trifluoromethyl}-4H-pyrimide[1,2-b]pyridazin-4-one;

[0613%]  7-{4-{{2,3-dihydrobenzo[b}{1,4idioxin-6-yi}oxy)piperidin-1-yi-4-d}-3-fluorc-2,8-
dimethyl-4H-pyrimido{l,2-blpyridazin-d-one;

001407 7-{{3R,4R}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi-2,2,3,3~-d4d}oxy}-3-fluoropiperidin-
1-yl}-2,8-dimethyl-dH-pyrimide|i,2-blpyridazin-4-one;

[00141] 2 8-dimethyl-7-{(4-{{6-methyipyridin-3-yloxylpiperidin-1-yi}-4H-pyrimido{1,2-
blpyridazin-4-one;

(00143} 7-{{3R,4R)}-4-{benzo[d}ii,3]dioxoi-5-yloxy}-3-fluoropiperidin-1-yl}-&-methyi-4H-
pyrimido{l,2-blpyridazin-4-one;

061437  7-{{3R,4R}-3-fluoro-4-{iscchroman-6-vioxylpiperidin-1-yi}-8-methyi-dH-pyrimidei 1, 2-
blpyridazin-d-one;

001447  7-{{3R,4R}-4-{{3,4-dihydro-2H-benzo[bi[1,4]dioxepin-7-yvijoxy}-3-flucropiperidin-1-
vil-8-methyl-dH-pyrimido{l,2-bipyridazin-4-one;

(001457 7-{{3R,4R}-4-{{2,3-dihvdrobenzofuran-5-yhoxy}-3-fluoropiperidin-1-yi}-8-methyi-4H-
pyrimidoil,2-blpyridazin-d-one;

00146} 7-{{3R,4R}-4d-{chroman-7-yloxy}-3-flucropiperidin-1-yi}-8-methyl-4H-pyrimido{1,2-
blpyridazin-4-one;

061477 7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-y1-2,2,3,3-d4}oxy)piperidin-1-yi}-2,8,9-
trimethyl-dH-pyrimidoil, 2-blpyridazin-d-one;

001487  7-{4-[{benzold][1,3]dioxcl-5-vioxyipiperidin-1-yi-4-d}-2,8-dimethyl-4H-pyrimido| 1, 2-
blpyridazin-4-one;

061497 7-{4-{{3,4-dihydro-2H-benzoib]| 1,4 dioxepin-7-yBoxyipiperidin-1-yi-4-d}-2,8-
dimethyl-dH-pyrimide{1,2-b]pyridazin-4-one;

00150} 7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-ylloxyipiperidin-1-yi-4-d}-2,3,8-trimethyi-

AH-pyrimidel[1,2-b]pyridazin-d-one;
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[061531) 2-{diflucromethyi}-7-{4-{{2,3-dihydrobenzoibl{1,4]dioxin-6-yvijoxylpiperidin-1-yl-4-d}-
g-methyl-dH-pyrimido[1,2-blpyridazin-d-one;

00153} 7-{4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-ylloxyipiperidin-1-yl-4-d}-2,8-dimethyl-4H-
pyrimido{l,2-blpyridazin-4-oneg;

[06153]  7-{4-{benzol[d][1,3]dioxol-5-vioxyipiperidin-1-yi-4-d}-8-methyl-2-{trifluoromethyi}-
AH-pyrimideol1,2-b]pyridazin-d4-one;

[001s84]  7-{4-{{3,4-dihydro-2H-benzo[b][1,4]dioxepin-7-yloxyipiperidin-1-yi-4-d}-&-methyl-2-
{trifluoromethyl}-4H-pyrimidol1, 2-blpyridazin-4-one;

(861557 2-{diflucromethyi}-7-{4-{{2,3-dihydrobenzobi{1,4]dioxin-6-vi-2,2,3,3-
ddloxylpiperidin-1-yi-4-d}-8-methyl-dH-pyrimido{l,2-bipyridazin-4-one;

(001561  7-{4-{benzol[d][1,3]dioxol-5-vioxy}piperidin-1-yi-4-d}-2-{difluoromethyi}-8-methyl-
4H-pyrimidol[l,2-b]pyridazin-d-one;

061577  2-{difluoromethyl-7-{4-{{3,4-dihydro-2H-benzolbi{1.4]dioxepin-7-yljoxy)piperidin-1-
yi-4-d}-8-methyl-4H-pyrimido[1, 2-bipyridazin-4-one;

(001587 7-{4-{{2,3-dihydrobenzol[b]{l,4]dioxin-6-yi-2,2,3,3-dd)oxy}piperidin-1-y1}-8,9-
dimethyl-2-{trifluoromethyl}-4H-pyrimide[1,2-blpyridazin-4-one;

061597 2-{diflucromethyi}-7-{4-{{2,3-dihydrobenzobi{1,4]dioxin-6-vi-2,2,3,3-
ddloxylpiperidin-1-yi}-8,8-dimethyl-4H-pyrimide[1,2-b]pyridazin-4-one;

[00160)  7-{4-{benzo[d][1,3]dioxol-5-vioxy)piperidin-1-yi-4-d}-8-methyil-4H-pyrimido[1,2-
bipyridazin-4-one;

00161} 7-{4-{{2,3-dihydrobenzo[bi{1,4idioxin-6-yi-2,2,3,3-d4}oxy}piperidin-1-yl-4-d}-8,3-
dimethyl-4H-pyrimido{l,2-blpyridazin-d-one;

[ooi62]  7-{4-{{2,3-dihydrobenzolb]{1,4idioxin-6-ylioxyipiperidin-1-yi-4-d}-8, 9-dimethyl-4H-
pyrimidoil,2-blpyridazin-d-one;

061637 7-{4-{{2,3-dihydrobenzo|b}{1,4idioxin-6-yl}oxyipiperidin-1-yi}-8,9-dimethyi-4H-
pyrimidoil,2-blpyridazin-d-one;

[00isd4}  7-{4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yl-2,2,3,3-d4)oxypiperidin-1-vi}-8,9-

dimethyl-4H-pyrimido{1,2-blpyridazin-d-one;
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1801651 2,8-dimethyl-7-{4-{{1-0x0-1,2,3,4-tetrahydroisoquinolin-7-yljoxy}piperidin-1-yi}-4 H-
pyrimidoil,2-blpyridazin-d-one;

(00166}  2,8-dimethyl-7-{4-{{Z-methyl-1-0x0-1,2,3,4-tetrahydroisoquinalin-7-yljoxylpiperidin-
1-yl}-4H-pyrimidol1,2-b]pyridazin-4-one;

061677 2,8-dimethyl-7-{4-{{2-methyl-1-ox0-1,2,3,4-tetrahydroisoquinolin-é-yloxyipiperidin-
1-yl}-4H-pyrimido{l,2-blpyridazin-4-one;

[00168]  7-(4-{{6-methoxy-5-methyipyridin-3-yljoxyipiperidin-1-yi}-8-methyl-4H-pyrimido{1,2-
blpyridazin-4-one;

1801681  7-{4-{{6-{methoxymethylpyridin-3-ylJoxyipiperidin-1-yi}-& methyl-4H-pyrimidof1,2-
blpyridazin-4-one;

[00170]  8,9-dimethyl-7-{4-{p-tolyloxylpiperidin-1-yi-4H-pyrimido[1,2-b]pyridazin-4-one;
00171} 2-{diflucromethyl}-8,9-dimethyl-7-{4-{{6-methvlpyridin-3-ylloxy}piperidin-1-yi}-4H-
pyrimido{l,2-b]pyridazin-4-one;

[oo172l  7-{4-{4-chiorophenoxyipiperidin-1-yi}-2-{difluoromethyl}-8,9-dimethyl-4H-
pyrimidoil,2-b]pyridazin-4-one;

[80173]  8,9-dimethyl-7-{4-{4-(trifluoromethyl}phenoxy)piperidin-1-yl}-4H-pyrimido{1,2-
blpyridazin-4-one;

801741 2-{difluocromethyi}-8,8-dimethyl-7-{4-{4-{trifluoromethyliphenoxyipiperidin-1-yi}-4H-
pyrimidoil,2-b]pyridazin-d-one;

[00175]  2,8-dimethyl-7-{4-{{1-ox0-1,2,3,4-tetrahydroisoquinolin-g-yljoxylpiperidin-1-yi}-4H-
pyrimido{l,2-b]pyridazin-4-one;

(001761 7-{4-{4-fluorophenoxy)piperidin-1-yi}-8,9-dimethyl-4H-pyrimido, 2-bl pyridazin-4-
one;

061777 2-{diflucromethyi}-7-{4-{4-fluorophenoxylpiperidin-1-yi}-8,3-dimethyl-4H-
pyrimidoil,2-blpyridazin-d-one;

1001781 2-{difluoromethyl}-8,8-dimethyl-7-{4-{p-tolyloxyipiperidin-1-vi}-4H-pyrimido[1,2-
blpyridazin-4-one;

[00179]  8,9-dimethyl-7-{4-{{6-methyipyridin-3-yDoxylpiperidin-1-yi}-dH-pyrimido{1,2-

blpyridazin-d-one;
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1001801 8 9-dimethyl-7-{4-{{6-methyipyridin-3-yloxylpiperidin-1-yi}-4H-pyrimido{1,2-
blpyridazin-4-one;

[00181] 7-(4-(3-fluoro-d-methylphenoxy}piperidin-1-yi}-8-methyl-4H-pyrimido{1,2-
blpyridazin-4-one;

[00182]  7-{4-(4-ethyiphenoxyipiperidin-1-y1}-&-methyl-4H-pyrimido[1,2-b]pyridazin-4-one;
[001831  7-{4-{4-isopropyiphenoxyipiperidin-1-yl}-8-methyl-4H-pyrimido[1,2-blpyridazin-4-
one;

[00184] 8-methyl-7-{4-{4-propyiphenoxy)piperidin-1-yvl}-4H-pyrimido[1,2-blpyridazin-4-one;
1001851  8-methyl-7-{4-{p-tolyloxy)piperidin-1-yi-4-d}-dH-pyrimido[1,2-blpyridazin-4-one;
001861 7-{4-{{6-{methoxymethyl}-5-methyipyridin-3-yl}oxyipiperidin-1-yl}-8-methyl-4H-
pyrimidoil,2-b]pyridazin-d-one;

(001877  7-(4-{{2,3-dihvdrobenzo[b]{1,4]dioxin-6-ylloxylpiperidin-1-yl}-2-ethyi-8,9-dimethyi-
AH-pyrimidel[1,2-b]pyridazin-d-one;

001881 7-{2-{{2.3-dihvdrobenzo[bi{1,4]dioxin-6-yiloxylpiperidin-1-yi}-2-isopropyl-§,9-
dimethyi-4H-pyrimido{1,2-b]pyridazin-4d-one;

[00188] 7-{4-{{2,3-dihydrobenzo[bi{1,4]dioxin-6-yi}oxyipiperidin-1-yi-2-{methoxymethyl}-
8,9-dimathyl-4H-pyrimidell,2-blpyridazin-4-one;

801801 R-cyclopropyl-7-{4-{{2,3-dihvdrobenzoib]{1,4]dioxin-8-yloxylpiperidin-1-yi}-9-
rethyl-dH-pyrimido[l,2-b]pyridazin-4-one;

[00191]  S-cyciopropyl-7-{4-{(2,3-dihvdrobenzoib]{1,4]dioxin-6-ylloxy}piperidin-1-yi}-8-
methyl-4H-pyrimidel1,2-b]pyridazin-4-one;

[ooig2l  7-{2-{{2.3-dihydrobenzo[bi{l,4]dioxin-6-y1-2,2,3,3-dd}oxy)piperidin-1-yl-4-d}-2,8,9-
trimethyl-4H-pyrimido{l,2-b]pyridazin-4-one;

061837 7-{4-{{2,3-dihydrobenzo[b}{1,4idioxin-6-yi-2,2,3,3-d4}oxypiperidin-1-yl-4-d}-8,9-
dimethyl-2-{triflucromethyl}-4dH-pyrimide[1,2-blpyridazin-4-ane;

80184 7-{4-{{2,3-dihydrobenzo[bl{1,4]dioxin-6-yi-2,2,3,3-d4loxyipiperidin-1-yl-4-d}-2-
isopropyl-8,9-dimethyi-dH-~pyrimido[1,2-blpyridazin-4-one;

[061%83]  S-cyciopropyl-7-{4-{{2,3-dihvdrobenrzoib]i1,4]dioxin-6-yl-2,2,3,3-d4}oxy}piperidin-1-

yi-4-d}-8-methyl-4H-pyrimido[1, 2-bipyridazin-4-one;
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061867 7-{4-{{2,3-dihydrobenzo|[b}{1,4idioxin-6-yi-2,2,3,3-d4)oxyipiperidin-1-vi-4-d}-2-ethyl-
8, 9-dimethyl-4H-pyrimidoil,2-blpyridazin-4-one;

00187} 7-{4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yl-2,2,3,3-d4}oxyipiperidin-1-vl}-2-isopropyl-
&,9-dimethyl-4H-pyrimido{1,2-blpyridazin-4-one;

[0G188]  7-{4-{{2,3-dihydrobenzo[b]{l,4idioxin-6-yi-2,2,3,3-d4Joxy)piperidin-1-yi}-2-ethyl-8,9-
dimethyl-4H-pyrimido{l,2-blpyridazin-d-one;

[0o198]  2-{cyclopentylmethyl}-7-{4-{{2,3-dihydrobenzolb}{1,4]dioxin-6-y{-2,2,3,3-
ddloxyiniperidin-1-vi-4-d}-8,9-dimethyi-4H-pyrimidol[1,2-b]pyridazin-4-one;

002007 7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-yi-2,2,3,3-d4}oxypiperidin-i-yl-4-d}-8-
{methoxymethyl-8-methyl-4H-pyrimide{1,2-b]pyridazin-4-one;

(002018 7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-yl-2,2,3,3-d4)oxypiperidin-1-yi}-8-

|5
{2

{methoxymethyl}-8-methyl-4H-pyrimidoll,2-blpyridazin-4-one;

062027 7-{4-{{2,3-dihydrobenzo[bi{1,4]dioxin-6-yi-2,2,3,3-d4}oxy}piperidin-1-yl-4-d}-9-
3

{methoxymethyl}-&-methyl-4H-pyrimidof1,2-b]pyridazin-d-one;

002037 7-{4-{{2,3-dihydrobenzol[bi{l,4ldioxin-6-yi-2,2,3,3-dd)oxy}piperidin-1-yi}-9-
{methoxymethyl}-&-methyl-4H-pyrimido{1,2-b]pyridazin-4-one;

002047  8-cyciopropyl-7-{4-{{2,3-dihydrebenzoib]f1,4]dioxin-6-y1-2,2,3,3-d4}oxy}piperidin-1-
yi-d-d}-S-methyl-dH-pyrimido(1, 2-bipyridazin-4-one;

(002058} S-cyclopropyl-7-{4-{{2,3-dihvdrobenzoib]{1,4]dioxin-6-yl-2,2,3,3-d4 }Joxy}piperidin-1-
yi}-8-methyi-dH-pyrimidoll,2-bipyridazin-4-one;

002067  7-{(2R,4R}-4-{{2,3-dihydrobenzobl{1,4]dioxin-6-vioxy}-2-methylpiperidin-1-y{}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-4-ong;

002077 7-{{(2ZR,45)-4-{{2,3-dihydrohenzolhli1,4]dioxin-6-vioxy}-2-methylpiperidin-1-y1}-8-
methyl-dH-pyrimido[ 1, 2-blpyridazin-d-one;

002087 7-{{2R,45)-4-{{2,3-dihydrobenzolbl{1,4]dioxin-6-yioxy}-2-methylpiperidin-1-y{}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-d-one;

(002081 7-{4-{{2,3-dihydrobenzo[bl[1,4]dioxin-6-yi-2,2,3,3-d4}oxypiperidin-1-yl-4-d}-2-

{methoxymethyl}-8-methyl-dH-pyrimidoeil, 2-b]pyridazin-4-one;
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062107 7-{4-{{2,3-dihydrobenzolb]{1,4idioxin-6-yi-2,2,3,3-d4)oxy}piperidin-1-vi}-2-
{methoxymethyl-8-methyl-4H-pyrimide{1,2-b]pyridazin-4-one;

00211} 7-{4-{{2,3-dihydrobenzo[bl[1,4]dioxin-6-yi-2,2,3,3-d4}oxypiperidin-1-yl-4-d}-2-
{methoxymethyl}-8,9-dimethyi-dH-pyrimidoil, 2-blpyridazin-4-one;

[00212]  7-{{3S,4R}-4-{(2,3-dihydrobenzolb]i1,4]dioxin-6-yi-2,2, 3, 3-dd Joxy}-3-fluoropiperidin-
1-y1}-8-methyl-4H-pyrimido]1, 2-bipyridazin-4-one;

002137 7-{{3R,45}-4-{{2,3-dihydrobenzoib]{1,4]dioxin-6-yi-2,2,3,3-d4joxy}-3-fluoropiperidin-
1-yl}-8-methyl-4H-pyrimido{1,2-bipyridarzin-4-one;

002147  7-{{3R,45)-4-{{2,3-dihydrobenzolbl{1,4]dioxin-6-yioxy}-3-methylpiperidin-1-y{}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-d-one;

(0021581 7-{{3R,4R}-4-{{2,3-dihydrobenzo[b]{1, 4]1dioxin-&-ylloxy}-3~-methylpiperidin-1-yi}-8-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;

[0G216]  7-{{3R,4R}-4-{{2,3-dihydrobenzobl{1,4]dioxin-6-yioxy}-3-methylpiperidin-1-y{}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-4-ong;

002171 7-{{ZR,4R}-4-{{2,3-dihydrobenzolb}{1,4]dioxin-6-ylioxy}-2-methyipiperidin-1-yi}-8-
methyl-dH-pyrimido[1, 2-blpyridazin-4-one;

002187 7-{(35,45}-4-{{2,3-dihydrobenzoibli1,4]dioxin-6-yi-2,2,3,3-dd oxy}-3-fluoropiperidin-
1-v11-8,9-dimeathyl-4dH-pyrimido[1, 2-b]pyridazin-4-one;

(002181 7-{{35,4R}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi-2,2,3,3-dd}oxy}-3-flucropiperidin-
1-y}-8,9-dimethyl-4H-pyrimido|1,2-b]pyridazin-4-one;

[062207  7-{{3R,45}-4-{(2,3-dihydrobenzolb}{1,4]dioxin-6-yi-2,2,3,3-ddjoxy}-3-fluoropiperidin-
1-y1}-8,8-dimethyl-4H-pyrimido[1,2-b]pyridazin-4-one;

002217 7-{(35,45)}-4-{(2,3-dihydrobenzolb]i1,4]dioxin-6-yi-2,2,3,3~-d4d}oxy}-3-fluoropiperidin-
1-yi}-2-{methoxymethyi}-8,9-dimethyl-4H-pyrimido|1, 2-bipyridazin-4-one;

002227 7-{(35,4R}-4-{{2,3-dihydrobenzoibl{1,4]dioxin-6-yi-2,2,3,3-d4 joxy}-3-fluoropiperidin-
1-yi-2-{methoxymethyi}-8,9-dimethyl-4H-pyrimido[1, 2-bipyridazin-4-one;

(002231 7-{{3R,45)-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi-2,2,3,3~-d4}oxy}-3-fluoropiperidin-

1-yi}-2-{methoxymethyi}-8,3-dimethyl-4H-pyrimido[1, 2-bpyridazin-4-one;
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[og2247  7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-yi}oxyipiperidin-1-yB-8&methyl-9-
{methylamino}-4H-pyrimidol1,2-bipyridazin-4-one;

(002251 7-{{3R,4R}-4-{{2,3-dihydrobenzolb]{1,4]ldioxin-6-yi-2,2,3,3-d4}oxy}-3-fluoropiperidin-
1-yl}-2-{methoxymethyi}-8,8-dimethyl-4H-pyrimido[1, 2-bipyridazin-4-one;

062267  7-{{3R,4R}-4-{{2,3-dihvdrobenzol{bl{1,4]dioxin-6-yi-2,2,3,3-d4 joxy}-3-fluoropiperidin-
1-yl}-2-{methoxymethyil-8-methyl-4H-pyrimidoil, 2-blpyridazin-4-ong;

002271 7-{4-{{2,3-dihydrobenzol[b]{1,4]dioxin-6-yvlloxylpiperidin-1-yl}-G-methoxy-8-methyl-
dH-pyrimidoll,2-blpyridazin-4-one;

062287 9-{azetidin-1-y1}-7-{4-{{2,3-dihydrobenzolb}i1,4]dioxin-6-yi}oxyipiperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-d-one;

(0022981 7-{{3R,4R}-4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yi-2,2,3,3-d4}oxy}-3-fluoropiperidin-
1-y}-8,9-dimethyl-4H-pyrimido|1,2-b]pyridazin-4-one;

(062307 7-{{2R,45}-4-{{2,3-dihydrobenzoib]il,4]dioxin-6-yI-2,2,3,3-d4 joxy}-2-
methyipiperidin-1-yvl}-8-methyl-dH-pyrimide[1,2-blpyridazin-4-one;

002317 7-{{2R,45)-4-({8-fluoro-2,3-dihydrobenrzolbi[1,4]dioxin-6-y1-2,2,3,3-d4}oxy}-2-
methylpiperidin-1-yl}-8-methyl-4H-pyrimido[1,2-b]pyridazin-4-one;

002327 7-{{2R,45)-4-{{8-fluoro-2,3-dihydrobenzolb][ 1,4 dioxin-6-yi}oxy}-Z-methyipiperidin-i-
vi-&-methyi-dH-pyrimido{l,2-bipyridazin-4-ong;

(002331 7-{{2R,45}-4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yl-2,2,3,3~-d4d joxy}-2-
methylpiperidin-1-vi}-8,9-dimethyi-4H-pyrimido{1,2-blpyridazin-4-one;

[00234]  7-{{2R,45}-4-{{2,3-dihydrobenzolblil,4]dioxin-6-yI-2,2,3,3-d4 joxy}-2-
methylpiperidin-1-yl}-2-{methoxymethyl}-8,8-dimethyl-dH-pyrimido{1,2-b]pyridazin-d-one;
002357 7-{{(ZR,45)-4-{{2,3-dihydrohenzolhl{ 1 4]1dioxin-6-vioxy}-2-methylpiperidin-1-y}-8,9-
dimethyl-4H-pyrimide{1,2-b]pyridazin-4-one;

062367 7-{4-{{8-fluoro-2,3-dihydrobenzoiblil,4]dioxin-6-yi)oxy)piperidin-1-yi}-8-methyi-4H-
pyrimidoil,2-blpyridazin-d-one;

(002371 7-{4-{{8&-fluoro-2,3-dihydrobenzoiblil,4]dioxin-6-yi-2,2,3,3-d4}oxy}piperidin-1-yi}-8-

methyl-4H-pyrimidel1,2-b]pyridazin-4-one;
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002387 7-{4-{{2,3-dihydrobenzolb]{1,4idioxin-6-yi-2,2,3,3-d4)oxy}piperidin-1-vi-2,2,6,6-d4}-
&-methyl-dH-pyrimidofl,2-blpyridazin-d-one; or a pharmaceutically acceptable salt thereotf.
[00239] E39. A pharmaceutical composition comprising a compound of any one of
embodiments E1 to E38 and a pharmaceutically acceptable carrier.

[00240] EA4AD. A method for treating a neurglogical and/or psychiatric disorder in a patient in
need thereof, comprising administering to the patient a therapesutically effective amount of a
compound, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition
according to any one of embodiments £ to E38.

062417 £41. The method of embodiment £40, wherein the disorder is selected from
Alzheimer's disease, schizophrenia, a sleep disorder, borderline personality disorder, Tourette's
syndrome, bipolar disorder, tardive dyskinesia, Huntington's disease, a pain disorder, and a
cognitive disordar.

[0G242] E42Z. The method of embodiment £40, wherein the disorder is selected from
psychosis, schizophrenia, conduct disorder, disruptive behavior disorder, bipolar disorder,
psychotic episodes of anxiety, anxiety associated with psychosis, mood disorders associated
with psychotic disorders, acute mania, 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,
rovement disorders associated with Parkinson's disease, tardive dyskinesia, drug induced and
neursdegeneration based dyskinesias, attention deficit hyperactivity diserder, cognitive
disorders, dementias, and memaory disorders,

(002431  E43. The method of any one of embodiments E40 to F42, wherein the disorder is
associated with muscarinic acetylcholine raceptor M4 dysfunction.

100244] E44. A compound, or a pharmaceutically acceptable salt thereof, according to any
one of embodiments E1 to E38 for use in therapy.

1002451 E45. A compound, or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition according to any one of embodiments E1 1o E39 for use in the

treatment of a disorder selected from Alzheimer's disease, schizophrenia, a sleep disorder,
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borderling personality disorder, Tourette's syndrome, bipolar disorder, tardive dyskinasia,
Huntington's disease, a pain disorder, and a cognitive disorder.

[00246] E46. A compound, or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition accerding to any one of embodiments E1 to £E39 for use in the
treatment of a disorder selected from psychosis, schizophrenia, conduct disorder, disruptive
hehavior disorder, bipolar disorder, psychotic episodes of amdety, anxiety associated with
psychosis, mood disorders associated with psychotic disorders, acute mania, 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 Parkinson's diseass,
tardive dyskinesia, drug induced and neurodegeneration based dyskinesias, attention deficit
hyperactivity disorder, cognitive disorders, dementias, and memaory disorders.

[00247] EA4A7. Use of a compound or a pharmaceutical compaosition according to any one of
embodiments £3 to E39, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for the treatment of a disorder selected from Alzheimer's disease, schizophrenia,
borderline personality disorder, Tourette's syndrome, bipolar disorder, tardive dyskinasia,
Huntington's disease, a sleep disorder, a pain disorder, and a cognitive disorder.

1002481 E48. Use of a compound or a pharmaceutical composition according to any one of
embodiments E1 to E39, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for the treatment of a disorder selected from psychosis, schizophrenia, conduct
disorder, disruptive behavior disorder, bipolar disorder, psychotic episodes of anxiety, anxiety
associated with psychosis, mood disorders associated with psychotic disorders, acute mania,
depression associated with bipolar disorder, mood disorders associated with schizophrenia,
behaviaral manifestations of mental retardation, autistic disorder, movement disorders,
Tourette's syndrome, akinetic-rigid syndrome, movement disorders associated with Parkinson's
disease, tardive dyskinesia, drug induced and neurodegeneration based dyskinasias, attention
deficit hyperactivity disorder, cognitive disorders, dementias, and memory disorders.

[0024%] Compound names can be assigned by using the Struct=Name naming algorithm as

part of CHEMDRAWS version 18.0.
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1802501 The compound may exist as a sterecisomer wherein asymmetric or chiral centers
are present. The stereoisomer is “R” or “5” depending on the contiguration of substituents
around the chiral carbon atom. The terms “R” and "5” used herein are configurations as defined
in IUPAC 1974 Recommendations for Section E, Fundamental Stereachemistry, in Pure Appl.
Chem., 1976, 45: 13-30. The invention contemplates various sterecisomers and mixtures
thereof and these are specifically included within the scope of this invention. Stereoisomers
include enantiomers and diastereomers, and mixtures of enantiomers or 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 mixtures followed by methods of resclution well-known to those of ordinary skill in the
art. These methods of resolution are exemplified by {1} attachment of a mixture of enantiomers
1o a chiral auxiliary, separation of the resulting mixture of diastereomers by recrystallization or
chromatography and optional liberation of the optically pure product from the auxiliary as
described in Furniss, Hannaford, Smith, and Tatchell, “Vogel's Texthook of Practical Organic
Chemistry,” 5th edition {1989}, Longman Scientific & Technical, Essex CM20 21E, England, or (2}
direct separation of the mixture of optical enantiomers on chiral chromatographic columns, or
{3} fractional recrystallization methods.

1002511 it should be understood that the compounds of the invention may possess
tautomeric forms, stereoisomers, geomeltric isomers, solvates, hydrates as well as polymorphs,
and that these also constitute embodiments of the invention.

1002521  In the compounds of formula {1}, and any subformuias, any "hydrogen” or "H,”
whether explicitly recited or implicit in the structure, encompasses hydrogen isotopes *H
{protium)} and *H {deuterium).

[00253] The present invention also includes an isotopically-labeled compound, which is
identical to those recited in formula {1}, but for the fact that one or more atoms are replaced by
an atom having an atomic mass or mass number different from the atomic mass or mass
number usually found in nature. Examples of isctopes suitable for inclusion in the compounds
of the invention are hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluerine, and

chiorine, such as, but not limited to 2H, 13C, ¢, N, 80, V@, 3P, 37p, 35, B¢ and 3¢,
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respectively. Substitution with heavier isotopes such as deuterium, L.e. 7H, can afford certain
therapeutic advantages resulting from greater metabolic stability, for example increased in vivo
hatf-life or reduced dosage reguirements and, hence, may be preferred in some circumstances.
The compound may incorporate positron-emitting isotopes for medical imaging and positron-
emitting tomography {PET} studies for determining the distribution of receptors. Suitable
positron-emitting isotopes that can be incorporated in compounds of formula (i} are 11C, N,
153, and ¥F. Isotopicallv-labeled compounds of formula {1} can 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 appropriate isotopically-labeled reagent in place
of non-isotopically-labeled reagent.

a. Pharmaceutically Acceptable Salts
[00254] The compounds of the invention may exist as pharmaceutically acceptable saits. The
term “pharmaceutically acceptable sait” refers to salts or zwitterions of the compounds which
are water or oil-soluble or dispersible, suitable for treatment of disorders without undue
toxicity, irritation, and allergic response, commensurate with a reasonable benefit/risk ratio
and effective for their intended use. The salts may be prepared during the final isolation and
purification of the compounds or separately by reacting an amino group of the compounds with
a suitable acid. For example, a compound may be dissolved in a suitable solvent, such as but
not limited to methanol and water and treated with at least one equivalent of an acid, like
hydrochioric acid. The resulting salt may precipitate cut and be isolated by filtration 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, aiginate,
citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate,
camphorsuifonate, digluconate, glycerophosphate, hemisuifate, heptancate, hexanoate,
formate, isethionate, fumarate, lactate, maleate, methanesulfonate, naphthylenesulfonate,
nicotinate, oxalate, pamoate, pectinate, persulfate, 3-phenvipropionate, picrate, oxalate,
maleate, pivalate, propionate, succinate, tartrate, trichloroacetate, trifluoroacetate, glutamate,
para-tcluenesulfonate, undecanoate, hydrochloric, hydrobromic, sulfuric, phosphoric and the

like. The amino groups of the compounds may also be guaternized with alkyl chiorides,
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bromides and lodidas such as methyl, ethyl, propyl, isopropyl, butyl, lauryd, myristyl, stearyl and
the iike.
[00255]  Basic addition salts may be prepared during the final isolation and purification of the
compounds of the invention by reaction of a carboxyl group with a suitable base such as the
hydroxide, carbonate, or bicarbonate of a metal cation such as lithium, sodium, potassium,
calcium, magnesium, or aluminum, or an organic primary, secondary, or tertiary amine.
Quaternary amine salts can be prepared, such as those derived from methylamine,
dimethylamine, trimethyiamine, triethyiamine, diethylamine, ethylamine, tributylaming,
pyridine, M N-dimethylanilineg, N-methylpiperidine, N-methyimorpheline, dicyclohexylaming,
procaine, dibenzviamine, N N-dibenzviphenethyiamine, 1-ephenamine and N, N~
dibenzylethylenediamine, ethylenediamine, ethanolamine, diethanolamine, piperidine,
piperazine, and the like.

b. General Synthesis
(002561  Compounds of formula {1} or salts thereof 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 {in vive) or processes occurring in vitro. The
schemes are representative of methods useful in synthesizing the compounds of the prasent
invention. They are not to constrain the scope of the Invention in any way.
(002571 Abbreviations used in the schemes that follow include the following: DCE is 1,2-
dichloroethane; DCM is dichioromethane; DMF is N N-dimethylformamide; DMP or Dess-Martin
periedinane is 1,1, 1-tris{acetyloxy}-1,1-dihydro-1,2-benziodoxol-3-{1H}-one; DIBAD is di-tert-
butyl azodicarboxviate; LAH is lithium aluminum hydride; mCPBA is meta-chloroperoxy benzoic
acid; MeQOH is methanol, MW is microwave {referring 1o a microwave reactor}; Pd{OAc); is
pailadium{ll} acetate; PPA is polyphosphoric acid; Rxn is reaction; TBAC is tetrabutylammonium
chioride; t-BuXPhos is 2-Di-tert-butyiphosphine-2',4°,6'-triisopropyibiphenyl; and THF is
tetrahydrofuran.

[00258] Compounds of formula (I} may be synthesized as shown in Schemes 1-7.
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[00258]  As shown in Scheme i, reaction of analogues of 6-chioropyridazin-3-amine with

triethyl orthoformate and isopropylidene malonate may provide compounds of type §1, which

may be cyclized to provide compounds of type 52. Reaction of compounds 82 with an

appropriate substituted 4-piperidine ether of type 83 in the presence of a base may provide

compounds 54,
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Scheme 2
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002607 As shown in Scheme 2, reaction of analogues of 6-chioropyridazin-3-amine with

beta-ketoacids may be cyclized using acid {i.e. PPA} to provide compounds of type $2. Reaction

of compounds $2 with an appropriate substituted 4-{{2,3-dihydrobenzo[bl{1,4}dioxin-6-

yiloxylpiperidine of type 83 in the presence of a base may provide compounds 4.
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[00281] Asshown in Scheme 3, intermediates like compound $3 may be prepared via
dispiacement of tert-buty! 4-{{methylsulfonylioxylpiperidine--carboxylate with appropriate

alcohols {i.e. compound i} to provide intermediates 853, which can be deprotected under acidic

canditions to provide intermediates 8§3.
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[002621  Asshown in Scheme 4, intermediates like compound §3 may be prepared via
Mitsunohu reaction between analogues of tert-butyl 4-hydroxypiperidine-1-carboxylate with

appropriate alcohols {iL.e. compound i} to provide intermediates §5, which may be deprotected

under acidic conditions to provide intermediates §3.
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[00263]  As shown in Scheme 5, reaction of 3,4-dihydroxybenzaldehyde and 1,2-
dibromoethane-1,1,2,2-d4 in the presence of base {i.e. K;C0s) affords intermediate 836, Ina 2
step procedure, intermediate 58 is treated with m-CPBA, followed by base and methanol to
provide aicohol §7, which may be carried forward as shown in Scheme 4 to provide

intermediate $8.

Scheme 6
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[00284] As Shown in Scheme 6, analogues of 6-chioropyridazin-3-amine 814 and 8§15 may be
prepared by a radical based addition of an appropriate carboxylic acid to provide intermeadiate
513, which may be transformed to the desired intermediate 514 and 515,
[80265] The compounds and intermediates may be isolated and purified by methods weil-
known 1o those skilled in the art of organic synthesis. Examples of conventional mathods for
isolating and puritying compounds can include, but are not limited 1o, 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
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carhon, thin-layer chromatography, distiliation at various pressures, sublimation under vacuum,
and trituration, as described for instance in "Vogel's Textbook of Practical Organic Chemistry,”
5th edition {1989}, by Furniss, Hannaford, Smith, and Tatchell, pub. Longman Scientific &
Technical, Essex CM20 2JE, England.

[00266] A disclosed compound may have at least one basic nitrogen whereby the compound
can be treated with an acid to form a desired salt. For example, a compound may be reacted
with an acid at or above room temperature to provide the desired salt, which is deposited, and
collected by filtration after cooling.

1002671 Reaction conditions and reaction times for each individual step can vary depending
on the particular reactants empioved and substituents present in the reactants used. Specific
procedures are provided in the Examples section. Reactions can be worked up in the
conventional manner, e.g. by eliminating the solvent from the residue and further purified
according to methodologies generally known in the art such as, but not limited to,
crystallization, distillation, extraction, trituration and chromatography. Unless otherwise
described, the starting materials and reagents are either commercially available or can be
prepared by one skilled in the art from commercially available materials using methods
described in the chemical literature. Starting materials, if not commercially available, can be
prepared by procedures selected from standard organic chemical technigues, technigues 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.

[00268]  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 Wuts and TW Greene, Greene’s Protective

Groups in Organic Synthesis (4™ ed.), John Wiley & Sons, NY (2006), which is incorporated
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herein by reference in its entirety. Synthesis of the compounds of the invention can be
accomplished by methods analogous to those described in the synthetic schemes described
hereinabove and in specific examples.
(002697  When an optically active form of a disclosed compound is required, it can be
obitained 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 stepl,
or by resclution of a mixture of the sterecisomers of the compound or intermediates using a
standard procedure {such as chromatographic separation, recrystallization or enzymatic
resciution.
1002701 Similarly, when a pure geometric isomer of a compound Is required, it can be
obtained by carrying out one of the above procedures using a pure geometric isomer as a
starting material, or by resolution of a mixture of the geometric isomers of the compound or
intermediates using a standard procedure such as chromatographic separation.
(002711 1t can be appreciated that the synthetic schemes and specific examples as described
are illustrative and are not to be read as limiting the scope of the invention as it is defined in
the appended claims. All alternatives, modifications, and equivalents of the synthetic methods
and specific examples are included within the scope of the claims.

c. Muscarinic Acetyicholine Receptor Mg Activity
(002721  Inan embodiment, a compound of the invention potentiates the agonist response
{e.g., acetyicholine) of mACHR M4, In some embodiments, a compound of the invention
increases mACHhR M4 response to non-maximal concentrations of an agonist in the prasence of
compound of the invention compared to the response to an agonist in the absence of
compound of the invention. The potentiation of mAChR M4 activity can be demonstrated by
methodology known in the art. For example, activation of mAChR M4 activity can be
determined by measurement of calcium flux in response to an agonist, e.g. acetyicheling, in
cells loaded with a Ca* -sensitive fluorescent dve {e.g., Fluo-4} and co-expression of a chimeric
or promiscuous G protein. In an embodiment, the calcium flux was measured as an increase in

fluprescent static ratio. In an embodiment, positive allosteric modulator activity was analyzed
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as a concentration-dependent increase in the ECy acetyicholine response {L.a. the response of
mAChR M4 at a concentration of acetylcholine that vields 20% of the maximal response}.
[00273]  Inan embodiment, a compound of the invention activates mAChR M4 response as
an increase in calcium Hluorescence in mACHR Ma-transfected CHO-K1 cells in the presence of a
compound of the invention, compared to the response of equivalent CHO-K1 cells in the
absence of a compound of the invention.

[00274] The compounds of the invention may exhibit positive allosteric modulation of
mACHR Ma response to acetylcholine as an increase in response to non-maximal concentrations
of acetylcholine in CHO-K1 cells transfected with a mAChR My in the presence of the
compound, compared to the response to acetvicholine in the absence of the compound.
[00275]  Invivo efficacy for compounds of the invention may be measured in a number of
praclinical rat behavioral models where known, clinically useful antipsychotics display similar
positive responses. For example, compounds of the invention may reverse amphetamine-
induced hyperlocomotion in male Sprague-Dawley rats at doses ranging from 1 to 100 mg/kg
.o

3. Pharmaceutical Compositions

[80276] The compounds of the invention 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 compounds of the invention may also be provided as formulations, such as
spray-dried dispersion formulations.

[0G277] The pharmaceutical compositions may include a "therapeutically effective amount”
or a “prophylactically effective amount” of the agent. A “therapeutically effective amount”
refers to an amount effective, at single or multiple dosages and for periods of time necessary,
1o achieve the desired therapeutic result. A therapeutically effective amount of the
composition may be determined by a person skilled in the art and may vary according to factors
such as the disease state, age, sex, and weight of the individual, and the ability of the
composition to elicit a desired response in the individual. A therapeutically effective amount is
alse one in which any toxic or detrimental effects of a compound of the invention {e.g., a

compound of formula {1} or a pharmaceutically acceptable salt thereof} are outweighed by the
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therapeutically beneficial effects. A “prophvlactically effective amount” refers to an amount
effactive, at dosages and for periods of time necessary, to achieve the desired prophvlactic
result. Typically, since a prophylactic dose is used in subjects prior to or at an earlier stage of
diseass, the prophylactically effective amount may be less than the therapeutically effective
amount.

(002781 The pharmaceutical compositions may include pharmaceutically acceptable carriars,
The term “pharmaceutically acceptable carrier,” as used herein, means a non-toxic, inert solid,
semi-solid or liguid filler, diluent, encapsulating material or formulation awxiliary of any type.
Some examples of materials which can serve as pharmaceutically acceptable carriers are sugars
such as, but not limited to, lactoss, glucose and sucrose; starches such as, but not limitad to,
corn starch and potato starch; cellulose and its derivatives such as, but not limited 1o, sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt;
gelatin; talc; excipients such as, but not imited to, cocoa butter and suppository waxes; oils
such as, but not limited to, peanut oll, cottonseed ol safflower oil, sesame o, clive oll, corn oil
and soybean oil; glycols; such as propyiene glycol; esters such as, but not limited to, ethyi
oleate and ethy! laurate; agar; butfering agents such as, but not limited o, magnesium
hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's
solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
fubricants such as, but not limited to, sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, releasing agents, coating agents, sweetening, flavoring and perfuming agents,
praservatives and antioxidants can also be present in the composition, according to the
judgment of the formulator.

[80279] Thus, the compounds of the invention may be formulated for administration by, for
example, solid dosing, eye drop, in a topical oil-based formulation, injection, inhalation {either
through the mouth or the nosel, implants, or oral, buccal, parenteral, or rectal administration.
Technigues and formulations may generally be found in "Remington’s Pharmaceutical
Sciences,” {Meade Publishing Co., Easton, Pa.). Therapeutic compositions must typically be

sterilte and stable under the conditions of manufacture and storage.
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1002801 The route by which the compounds of the invention are administerad and the form
of the composition will dictate the type of carrier to be used. The composition may beina
variety of forms, suitable, for example, for systemic administration {e.g., oral, rectal, nasal,
sublingual, buccal, implants, or parenteral} or topical administration {e.g., dermal, pulmonary,
nasal, aural, ocular, liposome delivery systems, or lontophoresis).

[002811  Carriers for systemic administration typically include at least one of diluents,
lubricants, binders, disintegrants, colorants, flavors, sweeteners, antioxidants, preservatives,
glidants, solvents, suspending agents, wetting agents, surfactants, combinations thereof, and
others. All carriers are optional in the compositions.

(802821 Suitable diluents include sugars such as glucose, lactose, dextrose, and sucrose; diols
such as propylene glycol; calcium carbonate; sodium carbonate; sugar alcohols, such as
glycerin; mannitol; and sorbitol. The amount of diluent{s} in a systemic or topical composition is
typically about 50 to about 80 weight % of the total composition weight.

(002831  Suitable lubricants include silica, talc, stearic acid and its magnesium salts and
calcium salts, calcium sulfate; and liguid lubricants such as polyethylene glycol and vegetable
oils such as peanut oii, cottonseed oil, sesame oll, olive oil, corn ol and oil of theobroma. The
amount of lubricant{s} in a systemic or topical composition is typically about 5 to about 10% of
the total composition weight.

[00284] Suitable binders include polyviny! pyrrolidone; magnesium aluminum silicate;
starchas such as corn starch and potato starch; gelatin; tragacanth; and cellulose and i{ts
derivatives, such as sodium carboxymethyvlcellulose, ethyl cellulose, methviceliulose,
microcrystalline celiulose, and sodium carboxymethyiceliulose. The amount of binder{s} in a
systermnic compaosition is typically about 5 to about 50% of the total composition weight.
1002851  Suitable disintegrants include agar, alginic acid and the sodium salt thereof,
effervescent mixtures, croscarmelless, crospovidone, sodium carboxymethyl starch, sodium
starch glycolate, clays, and ion exchange resins. The amount of disintegrant({s} in a systemic or

topical composition is typically about 0.1 to about 10% of the total composition weight.
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(002867 Suitable colorants include a colorant such as an FD&C dye. When used, the amount
of colorant in a systemic or topical composition is typically about 0.005 1o about 0.1% of the
total composition weight.

(002877 Suitable flavors include menthol, peppermint, and fruit flavors. The amount of
flavor{s}, when used, in a systemic or topical composition is typically about 0.1 to about 1.0% of
the total composition weight.

(002881 Suitable sweeteners include aspartame and saccharin. The amount of sweetener{s)
in a systemic or topical compaosition is typically about 0.001 to about 1% of the total
composition weight.

1002881  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 5% of the total composition weight.

[0G2%0] Suitable preservatives include benzalkonium chleride, methyl paraben and sodium
benzoate. The amount of presaervative{s} in a systemic or topical composition is typically about
0.01 to about 5% of the total composition weight.

(002917  Suitable glidants include silicon dioxide. The amount of glidant{s) in a systemic or
topical composition is typically about 1 to about 5% of the total composition weight.

1002921 Suitable solvents include water, isotonic saline, ethyl oleate, glycerine, hydroxylated
castor oils, alcohols such as ethanol, and phosphate buffer solutions. The amount of solvent(s}
in a systemic or topical composition is typically from about 0 to about 100% of the total
compaosition weight,

(002931 Suitable 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 is typically about 1 to about 8% of the total composition weight.

[00284] Suitable surfactants include lecithin, Pelysorbate 80, and sodium lauryl sulfate, and
the TWEENS from Atlas Powder Company of Wilmington, Delaware. Suitable surfactants include
those disclosed in the CT.F.A. Cosmetic ingredient Handbook, 1992, pp.587-592; Remington's
Pharmaceutical Sciences, 22th £d. 2013; and McCutcheon's Volume 1, Emulsifiers &

Detergents, 1994, North American Edition, pp. 236-239. The amount of surfactant{s} in the
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systemic or topical composition is typically about 0.1% to about 5% of the total composition
weight.

[00295]  Although the amounts of components in the systemic compositions may vary
depending on the type of systemic composition prepared, in general, systemic compositions
include 0.01 to 50 weight % of the total composition weight of an active compound {e.g., a
compound of formuia {1} or a pharmaceutically acceptable salt thereof} and 50 to 99.99 weight
% of the total composition weight of one or more carriers. Compositions for parenteral
administration typically include 0.1 to 10 weight % of the total composition weight of actives
and 80 to 99.9 weight % of the total composition weight of a carrier including a diluent and a
solvent.

[00296] Compositions for oral administration can have various dosage forms. For example,
solid forms include tablets, capsules, granules, and bulk powders, These oral dosage forms
include a safe and effective amount, usually at least about 5 weight % of the total composition
weight, and more particularly from about 25 to about 50 weight % of the total composition
weight of actives. The oral dosage compositions include about 50 to about 95 weight % of
carriers of the total composition weight, and more particularly, from about 50 to about 75
weight % of the total composition weight.

(802871 Tablets can be compressed, tablet triturates, enteric-coated, sugar-coated, film-
coated, or multiple-compressed. Tablets typically include an active component, and a carrier
comprising 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 croscarmeliose. Specific
lubricants include magnesium stearate, stearic acid, and talc. Specific colorants are the FREC
dyes, which can be added for appearance. Chewable tablets preferably contain sweeteners
such as aspartame and saccharin, or flavors such as menthol, peppermint, fruit Hlavors, or a
combination thereof.

[06228] Capsules {including implants, time release and sustained release formulations)

typically include an active compound {e.g., a compound of formula {1} or a), and a carrier
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including one or more diluents disclosed above in 3 capsule comprising gelatin. Granules
typically comprise a disclosed compound, and preferably glidants such as silicon dioxide to
improve flow characteristics. Implants can be of the biodegradable or the non-biodegradable
type.

[0029%8] The selection of ingredients in the carrier for oral compositions depends on
secondary considerations like taste, cost, and shelf stability, which are not critical for the
purposes of this invention.

[80300]  Solid compositions may be coated by conventional methaods, typically with pH or
time-dependent coatings, such that a disclosed compound is released in the gastreintestinal
tract in the vicinity of the desired application, or at varicus 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 methyt
cethulose phthalate, ethyl ceilulose, EUDRAGIT® coatings {available from Evonik industries of
Essen, Germany}, waxes and shellac.

[00301] Compositions for oral administration can have liguid forms. For example, suitable
liguid forms include aqueous solutions, emuisions, suspensions, solutions reconstituted from
non-effervescent granules, suspensions reconstituted from non-effervescent granutes,
effervescent preparations reconstituted from effervescent granules, elixirs, tinctures, syrups,
and the like. Liquid orally administered compositions typically include a disclosed compound
and a carrier, namely, a carrier selected from diluents, colorants, flavors, sweeteners,
praservatives, solvents, suspending agents, and surfactants. Peroral liquid compositions
preferably include one or more ingredients selected from colorants, flavors, and sweeteners.
[80302] Other compositions useful for attaining systemic delivery of the subject compounds
include sublingual, buccal and nasal dosage forms. Such compaositions typically include one or
more of soluble filler substances such as diluents including sucrose, sorbitol and mannitol; and
binders such as acacia, microcrystalline celluiose, carboxymethyl celluiose, and hydroxypropyl
rethylceliulose. Such compositions may further include lubricants, colorants, flavors,

sweeteners, antioxidants, and glidants,
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18030631  The compounds of the invention can be topically administered. Topical compositions
that can be applied locally to the skin may be in any form including solids, solutions, ails,
creams, ointments, gels, lotions, shampoos, leave-on and rinse-out hair conditioners, milks,
cleansers, moisturizers, sprays, skin patches, and the like. Topical compositions include: a
disclosed compound {e.g., a compound of formula {i} or a pharmaceutically acceptable salt
thereof}, and a carrier. The carrier of the topical composition preferably aids penetration of the
compounds into the skin. The carrier may further include one or more optional components.
[00304] The amount of the carrier employed in conjunction with a disclosed compound is
sufficient to provide a practical gquantity of composition for administration per unit dose of the
compound. Technigues and compositions for making dosage forms useful in the methods of
this invention are described in the following references: Modern Pharmaceutics, Chapters 9 and
10, Banker & Rhodes, eds. {1979}; Lieberman et al., Pharmaceutical Dosage Forms: Tahlets
{1981}; and Ansel, Introduction to Pharmaceutical Dosage Forms, 2nd £d., {1978},

[003051 A carrier may include a single ingredient or a combination of two or more
ingredients. In the topical compositions, the carrier includes a topical carrier. Suitable topical
carriers include one or more ingredients selected from phosphate buffered saling, isotonic
water, deionized water, monefunctional alcohels, symmetrical alcohols, aloe vera ge, allantoin,
glycerin, vitamin A and E oils, mineral oil, propvlene glycol, PPG-2 myristyl propionate, dimethyl
isosorbide, castor oil, combinations thereof, and the like. More particularly, carriers for skin
applications include propvlene glveo!, dimethyl isosorbide, and water, and even more
particidarly, phosphate buffered saline, isotonic water, delonized water, monofunctional
alcohols, and symmetrical alcohols,

[80306] The carrier of a topical compoesition may further include one or more ingredients
selected from emellients, propellants, solvents, humectants, thickeners, powders, fragrances,
pigments, and preservatives, all of which are optional.

(803071 Suitable emollients include stearyl alcohol, glycery! monoricinoleste, glvceryl
ronostearate, propane-1,2-diol, butane-1,3-diol, mink oll, cetyl alcohol, isopropyl isostearate,
stearic acid, iscbutyl palmitate, isocetyl stearate, oleyl alcohol, isopropyl laurate, hexyl laurats,

decyl oleate, octadecan-2-ol, isocetyl alcohol, cetyl palmitate, di-n-butyl sebacate, isopropyd
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myrisiate, isopropyl paimitate, isopropy! stearate, butyl stearate, polyethyiene glycol,
triethviene glycol, lanolin, sesame oil, coconut oil, arachis oil, castor oil, acetylated laneolin
alcohols, petroleum, mineral oil, butyl myristate, isostearic acid, palmitic acid, isopropyl
lincieate, lauryl lactate, myristyl lactate, decyl oleate, myristyl myristate, and combinations
thereof. Specific emollients for skin include stearyl alcohol and pelvdimethyisiloxane. The
amount of emollient{s} in a skin-based topical composition is typically about 5 to about 95
weight % of the total composition weight.

[00308] Suitable propellants include propane, butane, isobutane, dimethyl ether, carbon
dioxide, nitrous oxide, and combinations thereof. The amount of propellant{s} in a topical
composition is typically about O to about 95 weight % of the total composition weight.

[00309] Suitable solvents include water, ethyl alcohol, methylene chioride, isopropaneol,
castor oil, ethylene glycol monoethy! ether, diethyvlene glycel monobutyl ether, diethylene
glycol moneethyl ether, dimethylsulfoxide, dimethyt formamide, tetrahydrofuran, and
combinations thereof. Specitic solvents include ethyl alcohol and homotopic alcohols. The
amount of solvent{s} in a topical composition is typically about 0 to about 95 weight % of the
total composition welght.

1003101  Suitable humectants include giycerin, sorbitol, sodium 2-pyrrolidone-5-carboxylate,
soluble collagen, dibuty! phthalate, gelatin, and combinations thereof. Specific humectants
include giycerin. The amount of humectant{s} in a topical composition is typically 0 to 95 weight
% of the total composition weight.

[00311] The amount of thickener{s} in a topical composition is typically about 0 to about 95
weight % of the total composition weight.

[00312] Suitable powders include beta-cyclodextrins, hydroxypropy! cyclodextrins, chalk,
talc, fullers earth, kaolin, starch, gums, colleidal silicon dioxide, sodium polyacrylate, tetra alkyi
ammonium smectites, trialkyl aryl ammonium smectites, chemically-maodified magnesium
aluminum silicate, organically-modifiad montmorilionite clay, hydrated aluminum silicate,
furned silica, carboxyvinyl polymer, sodium carboxymethyl celiulose, ethylene glycol
monostearate, and combinations thereof, The amount of powder{s} in a topical compaosition is

typically 0 to 95 weight % of the total composition weight.
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1803131  The amount of fragrance in a topical composition is typically about 0 to about 0.3
weight %, particularly, about 0.001 to about 0.1 weight % of the total composition weight.
[00314] Suitable pH adjusting additives include HCH or NaOH in amounts sufficient to adjust
the pH of a topical pharmaceutical composition.
4. Methods of Use
[00315]  The compounds of the invention and pharmaceutical compositions may be used in
methods for treatment of disorders, such as neurological and/or psychiatric disorders,
associated with muscarinic acetylcholine receptor dysfunction. The compounds of the invention
and pharmaceutical compositions may also be used in methods for the potentiation of
ruscarinic acetyicholine receptor activity in patient, and in methods for enhancing cognition in
a patient. The methods further include cotherapeutic methods for improving treatment
autcomes in the context of cognitive or behavioral therapy. In the methods of use described
herein, additional therapeutic agent{s) may be administered simultaneously or sequentially
with the compounds of the invention and compaositions.

a. Treating disorders
[80316] The compounds of the invention, pharmaceutical compositions and formulations
may be used in methaods for treatment of disorders, such as neurclogical and/or psychiatric
disorders, associated with muscarinic acetylcholine 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 {1}, a pharmaceutically acceptable salt thereof, or
a pharmaceutical composition comprising a therapeutically effective amount of a compound of
formula {1}, or a pharmaceutically acceptabie salt thersof.
[80317] In some embodiments, the invention provides to a method for enhancing cognition
in a patient comprising the step of administering to the patient a therapeutically effective
amount of the compound of formula {1}, a pharmaceutically acceptabie salt thereof, ora
pharmacsutical composition comprising a therapeutically effective amount of a compound of
formula {1}, or a pharmaceutically acceptabie salt thereof.
[00318] The compounds of the invention and compositions disclosed hereln may be useful

for treating, preventing, amelicrating, controlling or reducing the risk of a variety of disorders
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associated with selective mAChR M4 receptor activation. For example, a treatment can include
selective mACHhR M4 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 ieast one compound of the invention or at least one disclosed
pharmaceutical composition, in an amount effective to treat the disorder in the subject.
003181  Also provided is a method for the treatment of one or more disorders associated
with mAChR M4 receptor activity in a subject comprising the step of administering to the
subject a therapeutically effective amount of the compound of formula {1}, a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition comprising a therapeutically effective
amount of a compound of formula {i}, or a pharmaceutically acceptable salt thereof.

(003207  Insome embodiments, the invention provides a compound of formula {I}, or a
pharmaceutically acceptable salt thereof, for use in 2 method for the treatment of a disorder
associated with the mAChR My receptor. In some embodiments, the invention provides a
pharmaceutical composition comprising a compound of formula {1}, or a pharmaceutically
acceptable salt thereof, for use in a method for the treatment of a disorder associated with the
mACHhR Ma recaptor,

[00321)  Insome embodiments, the invention provides a compound of formula {1}, or a
pharmaceutically acceptable salt thereof, for use in the manutacture of a medicament for the
treatment of a disorder associated with the mAChR M, receptor.

[06322]  Inseme embodiments, the invention provides a method for the treatment of 3
disorder associated with muscarinic acetylcholine receptor dysfunction in a patient, comprising
the step of administering to the patient an effective amount of at least one disclosed
compound or a pharmaceutically acceptable salt thereof, or a2 pharmaceutical composition
comprising at least one disclosed compound or pharmaceutically acceptable salt thereof.
1003231 Insome embodiments, , the compounds of the invention and compaositions have
utility in treating a variety of neurclogical, psychiatric and cognitive disorders associated with
the mACHR M4 receptor, including one or more of the following conditions or diseases:

schizoghrenia, psychotic disorder NOS, brief psychotic disorder, schizophreniform disorder,
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schizoatfective disorder, delusional disorder, shared psychotic disorder, catastrophic
schizophrenia, postpartum psychasis, psychotic depression, psychotic break, tardive psychosis,
ryxedematous psychosis, occupational psychosis, menstrual psychosis, secondary psychotic
disorder, bipolar | disorder with psychotic features, and substance-induced psychotic disorder.
In some embodiments, the psychotic disorder is a psychosis associated with an iliness selected
from major depressive disorder, affective disorder, bipolar disorder, slectrolyte disorder,
Alzheimer’s disease, neurological disorder, hypoglycemia, AIDS, lupus, and post-traumatic
stress disorder.

1063247  In some embodiments, the disorder is schizophrenia.

(803251 In some embodiments, the disorder is psychotic depression.

[00326]  Insome embodiments, the disorder is agitation and psychosis in Alzhelmer’s
disease.

[063271  Inseme embodiment, the disorder is a bipolar disorder.

[00328] In some embodiments, the disorder is a neurological disorder is selected from brain
tumor, dementia with Lewy bodies, multiple sclerosis, sarcoidosis, Lyme disease, syphilis,
Alzheimer's disease, Parkinson’s disease, and anti-NMDA receptor encephalitis.

1803281  In some embodiments, the disorder is a psychotic disorder is selected from
schizophrenia, brief psychotic disorder, schizophreniform disorder, schizoaffective disorder,
delusional disorder, and shared psychotic disorder. In some embaodiments, the schizophrenia is
selected from catastrophic schizophrenia, catatonic schizophrenia, paranoid schizophrenis,
residual schizophrenia, disorganized schizophrenia, and undifferentiated schizophrenia. in
some embodiments, the disorder is selectad from schizoid personality disorder, schizotypal
personality disorder, and parancid personality disorder. In some embodiments, the psychotic
disorder is due to a general medical condition and is substance-induced or drug-induced
{phencydliding, ketamine and other dissociative anesthatics, amphetamine and other
psychostimuiants, and cocaine).

[00330]  Insome embodiments, the present invention provides a method for treating a
neurodevelopmental disorder, comprising administering to a patient in need thereof an

effective amount of a compound, or a pharmaceutically acceptable salt, or a pharmaceutical
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composition of the present invention. In some embodiments, the neurodevelopmental disorder
is fragile X syndrome,

[00331]  Insome embodiments, the present invention provides a method for treating a
cognitive disorder, comprising administering to a patient in need thereof an effective amount
of a compound, or 2 pharmaceutically acceptable salt, or a pharmaceutical composition of the
prasent invention. In some embodimeants, cognitive disorders include dementia {associated
with Alzheimer’s disease, ischemia, multi-infarct dementia, trauma, vascular problems or
stroke, HIV disease, Parkinson's disease, Huntington's disaase, Pick’s disease, Creutzfeldt-lacob
disease, perinatat hypoxia, other general medical conditions or substance abuse}, delirium,
amnestic disorder, substance-induced persisting delirium, dementia due to HIV diseass,
dementia due to Huntington's disease, dementia due to Parkinson's disease, Parkinsonian-ALS
demential complex, damentia of the Alzheimer’s type, age-related cognitive decline, and mild
cognitive impairment,

(003321 Insome embodiments, the cognitive disorder is Huntingion's disease.

(003331  The text revision of the fourth edition of the Diagnostic and Statistical Manual of
Mental Disorders {DSM-IV-TR} (2000, American Psychiatric Association, Washington DC)
provides a diagnostic tool that includes cognitive disorders including dementia, delirium,
amnestic disorders and age-related cognitive decline. The fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders {DSM-5} (2013, American Psychiatric Association,
Washington DC) provides a diagnostic tool for neurccognitive disorders {NCDs) that include
dedirium, followed by the syndromes of major NCD, mild 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 traumatic
brain injury, NCD due to HIV infection, substance/medication-induced NCD, NCD due to
Huntington's disease, NCD due to prion disease, NCD 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 clinical deficit is 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
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or DSM-5. The skilled artisan will recognize that there are alternative nomenciatures,
nosologies and classification systems for mental disorders, and that these systems evolve with
redical and scientific progress. Thus the term “cognitive disorders” is intended to include like
disorders that are described in other diagnostic sources.

[06334] Insome embodiments, the present invention provides a method for treating sleep
disorder, comprising administering to a patient in need thereof an effective amount ot a
compound, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of
the present invention.

1803351  In some embodiments, the sleep disorder is associated with sieep disturbance in a
patient having schizophrenia.

[00336]  Insome embodiments, the present invention provides a method for treating
schizophrenia or psychosis, comprising administering to a patient in need therecf an effective
amount of a compound, or a pharmaceutically acceptable salt, or a pharmaceutical compaosition
of the present invention. Particular schizophrenia or psychaosis pathologies are paranoid,
disorganized, catatonic or undifferentiated schizophrenia and substance-induced psychotic
disorder. DSM-IV-TR provides a diagnostic tool that includes paranoid, disorganized, catatonic,
undifferentiated or residual schizophrenia, and substance-induced psychetic disorder. DSM-5
eliminated the subtypes of schizophrenia, and instead includes a dimensional approach to
rating severity for the core symptoms of schizophrenia, to capture the heterogeneity in
symplom type and severity expressed across individuals with psychotic disorders. As usad
hergin, the term “schizoghrenia or psychosis” includes treatment of thase mental disorders as
described in DSM-IV-TR or DSM-5. The skilled artisan will recognize that there are alternative
noemenclatures, nosclogias and classification systems for mental disorders, and that these
systems evolve with medical and sclentific progress. Thus the term “schizophrenia or psychosis”
is intended to include like disorders that are described in other diagnostic sources.

1003371 In some embodiments, the present invention provides a method for treating pain,
comprising administering to a patient in need thereof a therapeutically effective amount of a
compound or composition of the present invention. Particular pain embodimeants are bone and

joint pain {ostecarthritis), repetitive motion pain, dental pain, cancer pain, myofascial pain
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{muscular injury, Tibromyaigia}, perioperative pain {generai surgery, gynecological}, chronic pain
and neuropathic pain.

[00338] The compounds and compositions may be further useful in a method for the
prevention, freatment, control, amelioration, or reduction of risk of the diseases, disorders and
conditions noted herein. The compounds of the invention and compaositions may be further
useful in a method for the prevention, treatment, control, amelioration, or reduction of risk of
the aforementioned diseases, disorders and conditions, in combination with other agents.
[003381  Inthe treatment of conditions which require activation of mAChR M4, an
appropriate dosage level may be about 0.001 mg/kg to about 100 mg/kg patient body weight
per day, which can be administered in single or multiple doses. In particular, daily dosages may
be in the range of 0.01 mg/kg body weight to about 50 mg/kg body weight per day. The dosage
level may be about 0.1 to about 30 mg/kg per day, or more particular about 1 to about 10
mg/kg per day. A suitable dosage level can be about C.01 to 250 mg/kg per day, about 0.05 to
100 mg/kg per day, or about 0.1 to 50 mg/kg per day. Within this range the dosage can be 0.05
to 0.5, 0.5 to 5 or 5 to 50 mg/kg per day. For oral administration, the compositions may be
provided in the form of tablets containing 1.0 to 1000 milligrams of the active ingredient,
particularly 1.0, 5.0, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 300, 400, 500, 600, 750, 800, 800,
or 1000 milligrams of the active ingredient for the symptomatic adjustment of the dosage to
the patient to be treated. The compounds can be administered on a regimen of 1 to 4 times per
day, preferably once or twice per day. This dosage regimen can be adjusted to provide the
optimal therapeutic response. It will be understood, however, that the specific dose level and
frequency of dosage for any particular patient can be varied and will depend upon a variety of
factors including the activity of the specific compound employed, the metabolic stability and
length of action of that compound, the age, body weight, general health, sex, diet, mode and
time of administration, rate of excretion, drug combination, the severity of the particular
condition, and the host undergoing therapy.

[00340]  Thus, in some embodiments, the present invention relates to a method for
activating mACHR M4 receptor activity in at least one cell, comprising the step of contacting the

at least one cell with at least one compound of the invention or pharmaceutical composition in
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an amount effective to activate mACHR M4 in the at least one celll i some embodiments, the
cell is mammalian, for example, human. In some embodiments, the cell has been isolated from
a subject prior to the contacting step. In some embodiments, contacting is via administration to
a subject.

[0G341] Inseme embodiments, the invention relates to a method for activating mAChR M4
activity in a subject, comprising the step of administering to the subject at least one compound
of the invention or at least one product of a disclosed method in a dosage and amount effective
1o activating mACHR M4 activity in the subject. in some embodiments, the subject is patient. In
some embodiments, the patient has been diagnosed with a need for mAChR M4 agonism prior
1o the administering step. in some embodiments, the patient has been diagnosad with a need
for mAChR M4 activation prior to the administering step. In some embodiments, the method
further comprises the step of identifying a subject in need of mAChR M4 agonism,.

[0G342] Insome embodiments, the invention relates to a methaod for the treatment of a
disorder associated with selective mAChR M4 activation, for example, a disorder associated
with cholinergic activity, in a patient comprising the step of administering to the patient at least
one compound of the invention or at least one product of a disclosed methed in a dosage and
amount effective to treat the disorder in the patient. In some embodiments, the patientis a
human. In some embodiments, the patient has been diagnosed with a need for treatment for
the disorder prior to the administering step. In some embodiments, the method further
comprises the step of identifying a subject in need of treatment for the disorder.

[06343] Insome embodiments, the disorder can be selected from psychosis, schizophrenia,
conduct disorder, disruptive behavior disorder, bipolar disorder, psychotic episodes of anxiety,
anxiety associated with psychosis, psychotic mood disorders such as severe major depressive
disorder; moad disorders associated with psychotic disorders, acute mania, depression
associated with bipolar disorder, mood disorders associated with schizophrenia, behavioral
manifestations of mental retardation, autistic disorder, movemeant disorders, Tourette’s
syndrome, akinetic-rigid syndrome, movement disorders associated with Parkinson’s disease,

tardive dyskinesia, drug induced and neurodegeneration based dyskinesias, attention deficit
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hyperactivity disorder, obsessive-compulsive disorder, cognitive disorders, dementias, and
memory disorders.

I 1 Insome embodiments, the disorder is Alzheimer’s disease.

[ 1 Insome embodiments, the disorder is Tourette’s syndrome

[0G346]  Insome embodiments, the disorder is tardive dyskinesia.

[ 1 Insome embodiments, the disorder is obsessive-compulsive disorder.

[ 1 Insome embodiments, the disorder is bipolar disorder.

b. Potentiation of Muscarinic Acetylcholine Receplor Activity

(003497  In some embodiments, the invention relates to a method for potentiation of
rmuscarinic acetyicholine receptor activity in a patient comprising the step of administering to
the patient an effective amount of at least one disclosed compound or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition comprising at least one disclosed
compeound or pharmaceutically acceptable salt thereof.

(003501  Insome embodiments, the invention provides a compound of formula {I}, or a
pharmaceutically acceptable salt thereof, for use in a method for the potentiation of muscarinic
acetylcholine receptor activity in patient. In some embodiments, the invention provides a
pharmaceutical composition comprising a compound of formula {I}, or a pharmaceutically
acceptable salt thereof, for use in @ method for the potentiation of muscarinic acetylcholine
receptor activity in a patient.

[00351]  Insome embodiments, the invention provides a compound of formula {I}, or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
potentiation of muscarinic acetylcholine recaptor activity in a patient.

[80352] Insome embodiments, potentiation of muscarinic acetylcholine receptor activity
increases muscarinic acetylcholine receptor activity. In some embaodiments, potentiation of
muscarinic acetyicholine receptor activity is partial agonism of the muscarinic acetyicholine
receptor. In some embeodiments, potentiation of muscarinic acetylcholine receptor activity is
positive allosteric modulation of the muscarinic acetylcholine receptor.

[00353]  In some embodiments, potentiation of muscarinic acetylcholine receptor activity in a

patient is associated with the treatment of a neurglogical and/or psychiatric disorder
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associated with a muscarinic receptor dysfunction, such as a neurclogical or psychiatric
disorder disclosed herein. In some embodiments, the muscarinic receptor is mAChR Ma.

¢. Enhancing Cognition
[00354]  Insome embodiments, the invention relates to a method for enhancing cognition in
a patient comprising the step of administering to the patient an effective amount of least one
disclosed compound of the invention.
(003551 In some embodiments, the invention provides a compound of formula {f}, or a
pharmaceautically acceptable salt thereof, for use in a method for the enhancment of cognition
in a patient. In some embediments, the invention provides a pharmaceutical compesition
comprising a compound of formula {8}, or a pharmaceutically acceptable salt thereof, for use in
a method for the enhancment of cognition in a patient.
[00356]  Insome embodiments, the invention provides a compound of formula {i}, or a
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
enhancment of cognition in a patient.
[003571  In some embodiments, the patient 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 patient in need of cognition enhancement, in some
embodiments, the need for cognition enhancement is associated with a muscarinic receptor
dysfunction. In some embodiments, the muscarinic receptor is mAChR Ma.
[00358] Cognitive deficits or cognitive impairment include a decline in cognitive functions or
cognitive domains, e.g. working memaory, attention and vigilance, verbal learning and meamory,
visual learning and memory, reasoning and problem solving e.g. executive function, speed of
processing and/or social cognition. In particular, cognitive deficits or cognitive impairment may
indicate deficits in attention, disorganized thinking, slow thinking, difficulty in understanding,
poor concentration, impairment of problem solving, poor memory, difficulties in expressing
thoughts and/or difficulties in integrating thoughts, feelings and behaviour, or difficulties in
extinction of irrelevant thoughts. The terms “cognitive deficits” and “cognitive impairment” are

intended to indicate the same and are used interchangsably.
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[00358]  Cognitive functions are, as mentioned above, often impaired in schizophrenic
patients. Studies have also concluded that cognitive functioning is associated with vocational
functioning in schizophrenia [Scizophrenia Res,, 45, 175-184, 20001, in one embodiment, the
patient to be treated for cognitive impairment is schizophrenic.
[00360] The skilled person is familiar with various test for measuring the enhancement of
cognition. Examples of test for measuring the enhancement of cognition are but not limited to
the Novel Object Recognition and the Wisconsin Card Sorting Test

d. Cotherapeutic methods
[083631] The present invention is further directed 1o administration of a selective mAChR Ms
activator for improving treatment cutcomaes in the context of cognitive or behavioral therapy.
That is, in some embodiments, the invention relates to a cotherapeutic method comprising a
step of administering to a patient an effective amount and dosage of a compound of the
invention.
003621  Insome embodiments, the invention provides a compound of formula {I}, ora
pharmaceutically acceptable salt thereof, for use in a cotherapeutic method with cognitive or
behaviorial therapy in a patient. In some embodiments, the invention provides a
pharmaceutical composition comprising a compound of formula {I}, or a pharmaceutically
acceptable salt thereof, for use in a cotherapeutic method with cognitive or behaviorial therapy
in a patient.
[00363]  Insome embodiments, the invention 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 cognitive or behaviorial therapy in a patient.
063647  In some embodiments, administration improves treatment outcomes in the context
of cognitive or behavioral therapy. Administration in connection with cognitive or behavioral
therapy can be continuous or intermittent. Administration need not be simultaneous with
therapy and can be before, during, and/or after therapy. For example, cognitive or behavioral
therapy can be provided within 1, 2, 3, 4, 5, 6, 7 days before or after administration of the
compound. As a further example, cognitive or behavicral therapy can be provided within 1, 2, 3,

or 4 weeks before or after administration of the compound. As a still further example, cognitive
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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.
[00365) It is understood that the disclosed cotherapeutic methods can be used in connection
with the compounds of the inventions, compositions, kits, and uses.

e. Combination Therapies
(003661  Inthe methods of use described herein, additional therapeutic agent{s} may be
administered simultaneously or sequentially with the compounds of the invention and
compositions. Sequential administration includes administration before or after the compounds
of the invention and compositions. In some embodiments, the additional therapeutic agent or
agents may be administered in the same composition as the compounds of the Invention. in
ogther embodiments, there may be an interval of time between administration of the additional
therapeutic agent and the compounds of the invention. In some embodiments, administration
of an additional therapeutic agent with a disclosed compound may allow lower doses of the
other therapeutic agents and/or administration at less frequent intervals. When used in
combination with one or more other active ingredients, the compounds of the present
inverttion and the other active ingredients may be used in lower doses than when each is used
singly. Accordingly, the pharmaceutical compositions of the present invention include those
that contain one or more other active ingredients, in addition to a compound of Formula (B ora
pharmaceutically acceptable salt thereof. 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.
003671  The compounds of the invention can be used as single agents or in combination with
one or more other drugs in the treatment, prevention, control, amelioration or reduction of risk
of the aforementioned diseasss, 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 in an amount
commonly used therefor, contemporaneously or sequentially with a disclosed compound.
When a compound of the invention is used contemporaneously with one or maore other drugs,

a pharmaceutical composition in unit dosage form containing such drugs and a compound of
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the invention may be used. Howaever, the combination therapy can also be administered on
overlapping schedules. it is also envisionad that the combination of one or more active
ingredients and a compound of the invention may be more efficacious than either as a single
agent. Thus, when used in combination with one or more other active ingredients, the
compeunds of the invention and the other active ingredients may be used in lower doses than
when each is used singly.

[00368] The pharmaceutical compositions 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.

(803691  The above combinations include combinations of a disclosed compound not only
with aone other active compound, but also with two or more other active compounds. Likewise,
compounds of the invention 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 compounds of the invention are useful. Such other drugs can be administared, by a
route and in an amount commonly used therefor, contemporaneousiy or sequentially with a
compound of the present invention. Hence, in an embodiment, the pharmaceutical
compositions contain one or more other active ingredients, in addition to a compound of the
present invention.

[00370]  The weight ratio of a disclosed compound to the second active ingredient can be
varied and will depend upon the affective dose of each ingredient. Generally, an effective dose
of sach will be used. Thus, for example, when a compound of the present invention is
combined with another agent, the weight ratio of a disclosed compound to the other agent will
generally range from 200:1 to about 1:200. Combinations of a compound of the present
invention and other active ingredients will generally also be within the aforementioned range,
but in each case, an effective dose of each active ingredient should be used.

(803741 Insuch combinations a compound of the invention and other active agents can be
adrinistered separately or in conjunction. In addition, the administration of one element can

be prior to, concurrent to, or subseguent to the administration of other agent{s).
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1003721  Accordingly, the compounds of the invention can be used alone or in combination
with other agents which are known to be beneficial in the subject indications or other drugs
that affect receptors or enzymes that either increase the efficacy, safety, convenience, or
reduce unwanted side effects of the compounds of the invention. The compounds of the
invention and the other agent can be coadministerad, either in concomitant therapy orin a
fixed combination.

[003731  Insome embodiments, the compound can be employed in combination anti-
Alzheimer's agents, beta-secretase inhibitors, cholinergic agents, gamma-secretase inhibitors,
HMG-CoA reductase inhibitors, M1 aliosteric agonists, M1 positive allosteric modulators,
NSAIDs including tbuprofen, vitamin E, and anti-amyloid antibodies. In another embodiment,
the subject compound can be emploved in combination with sedatives, hypnotics, amdolytics,
antipsychotics {typical and atypical), antianxiety agents, cyciopyrrolones, imidazopyridines,
pyrazolopyrimidines, minor tranguilizers, melatonin agonists and antagonists, melatonergic
agents, benzodiazepines, barbiturates, SHT, antagonists, and the ke, such as: adinazolam,
allobarbital, alonimid, alprazolam, amisulpride, amitriptyiine, amobarbital, amoxapine,
aripiprazole , bentazepam, benzoctamine, brotizolam, bupropion, busprione, butabarbital,
butalbital, hrexpiprazole, capuride, carbocloral, chioral betaine, chioral hydrate, clomipramine,
clonazepam, cloperidone, clorazepate, chlordiazepoxide, clorethate, chiorpromazine, clozapine,
cyprazeparn, desipramine, dexclamol, diazepam, dichloralphenazone, divalproex,
dipherhydramine, donepezil, memantine, galantamine, doxepin, estazolam, ethchiorvynol,
etomidate, fencobam, flunitrazepam, zuflupentixol, flupentixol, fluphenazine, flurazepam,
fluvoxamine, fluoxetine, fosazepam, glutethimide, halazepam, haloperidol, hydroxyzine,
imipramine, lithium, lorazepam, lormetazepam, maprotiline, meclogualone, melatonin,
mephobarbital, meprobamats, methagualons, midaflur, midazelam, nefazodone, nisobamate,
nitrazepam, nortriptyline, olanzapine, oxazepam, paraldehyde, paroxetine, pentoharbital,
periapine, perghenazine, phenelzine, phenobarbital, prazepam, promethazine, propofol,
protriptyline, quazepam, quetiapine, reclazepam, risperidone, roletamide, secobarbital,
sariraline, suproclone, temazepam, thioridazing, thiothixene, tracazolate, tranyloypromaine,

trazodone, triazolam, trepipam, tricetamide, triclofos, trifluoperazine, trimetozine,
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trimipramine, uldazepam, zaleplon, ziprasidone, zolazepam, zolpidem, and salts thereof, and
combinations thereof, and the like, or the subject compound can be administerad in
conjunction with the use of physical methods such as with light therapy or electrical
stimulation.

[00374]  In some embodiments, the compounds of the invention can be employed in
combination with levodopa {with or without a selective extracerebral decarboxylase inhibitor
such as carbidopa or benserazide), anticholinergics such as biperiden {optionally as its
hydrochioride or lactate salt) and trihexyphenidyl {benzhexol} hydrochloride, COMT inhibitors
such as entacapone, MOA-B inhibitors such as azilect, antioxidants, AZa adenosine recaptor
antagonists such as istradefylline, cholinergic agonists, NMDA receptor antagonists such as
ketamine, serotonin receptor antagonists and dopamine receptor agonists such as 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, alentemol hydrobromide, bromocriptine mesylate, fenoldopam mesylate,
naxagoiide hydrochloride and pergolide mesylate. Lisuride and pramipexol are cormmonly used
in a non-salt form.

1803751  In some embodiments, the compounds of the invention can be employed in
combination with a compound from the phenothiazine, thioxanthene, heterooyclic
dibenzazepine, butyrophenone, diphenylbutylpiperidine and indolone dlasses of neuroleptic
agent. Suitable examples of phenothiazines inciude chiorpromazine, mesoridazine, thioridazine,
acetophenazing, fluphenazine, perphenazine and trifluoperazine. Suitable examples of
thioxanthenes include chlorprothixene and thiothixene. An example of a dibenzazepine is
ciozapine. An example of a butyrophenone is haloperidol. An example of 3
diphenylbutylpiperiding is pimozide. An example of an indelone is molindolone. Gther
neurcleptic agents inciude loxapineg, suipiride and risperidone. it will be appreciated that the
neuroleptic agents when used in combination with the subject compound can be in the form of
a pharmaceutically acceptable salt, for example, chlorpromazine hydrochloride, mesoridazine
hesylate, thioridazine hydrochloride, acetophenazine maleate, fluphenazine hydrochioride,

flurphenazine enathate, fluphenazine decanoate, trifluoperazine hydrochioride, thiothixene
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hydrochloride, haloperidol decanoate, loxapine succinate and molindone hydrochleride.
Perphenazineg, chlorprothixene, clozapine, haloperidol, pimozide and risperidone are commaonly
used in a non-salt form. Thus, the subject compound can be employed in combination with
acetophenazing, alentemol, , amisuipride, benzhexol, bromocriptine, biperiden,
chiorpromazine, chlorprothixens, clozaping, diazepam, fencldopam, fluphenazine, haloperidol,
levodopa, levodopa with benserazide, levodopa with carbidopa, lisuride, loxapine,
mesoridazine, molindolone, naxagolide, olanzapine, pergolide, perphenazine, pimozide,
pramipexole, guetiapine, risperidone, sulpiride, tetrabenazine, deutetrabenazing,
trihexyphenidyl, thioridazing, thiothixene, trifluoperazine, or ziprasidone,

1003761 In some embodiments, the compounds of the invention can be employed in
combination with an anti-depressant or anti-anxiety agent, including norepinephrine reuptake
inhibitors {including tertiary amine tricyclics and secondary amine tricyclics), selective serotonin
reuptake inhibitors {SSRis), meoncamine oxidase inhibitors {(MAQIs), reversible inhibitors of
monoamine oxidase {RIMAs), serotonin and noradranaline reuptake inhibitors {SNRIis},
corticotropin releasing factor {CRF) antagonists, g-adrenoreceptor antagonists, neurokinin-1
receptor artagonists, atypical anti-depressants, benzodiazepines, 5-HT14 agonists or
antagonists, especially 5-HT1A partial agonists, and corticotropin releasing factor {CRF)
antagonists. Specific agents include: amitriptyling, clomipramine, doxepin, imipramine and
trimipramine; amoxapine, desipramine, maprotiline, nortriptyline and protriptyline; fluoxetine,
vortioxetine, fluvoxamine, paroxetine and sertraline; isocarboxazid, phenelzine, escitalopram,
tranvicypromine and selegiline; moclobemide: venlafaxine; duloxetine; aprepitant; bupropion,
lithium, nefazodone, trazodone and viloxazine; alprazolam, chiordiazepoxide, clonazepam,
chiorazepate, diazepam, halazepam, lorazepam, oxazepam and prazepam; buspirone,
flesinoxan, gepirone and ipsapirone, and pharmaceutically acceptable salts thereof.

1883771 In some embodiments, the compounds of the invention can be coadministered with
orthosteric muscarinic agonists, muscarinic potentiators, or cholinesterase inhibitors. in some
embodiments, the compounds can be coadministered with GIyT1 inhibitors and the like such
as, but not limited to: risperidone, guetiapine, clozapine, haloperidol, fluoxeting, prazepam,

xanomeline, lithium, phenobarbitol, and saits thereof and combinations thereof.
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f. Modes of Administration
1003781  Methods of treatment may include any number of modes of administering 3
compound of the invention or composition. Modes of administration may include tablets, pills,
dragees, hard and soft gel capsules, granules, pellets, agueous, lipid, oily or other solutions,
emulsions such as oil-in-water emulsions, lipesomaes, aqueous or oily suspensions, syrups,
elixirs, solid emulsions, solid dispersions or dispersible powders. For the preparation of
pharmaceutical compositions for oral administration, the agent may be admixed with
commoitly known and used adjuvants and excipients such as for example, gum arabic, talcum,
starch, sugars {such as, e.g., mannitose, mathyl celluiose, lactose), gelatin, surface-active
agents, magnesium stearate, aqueous or non-aqueous solvents, paraffin derivatives, cross-
linking agents, dispersants, emulsifiers, lubricants, conserving agents, flavoring agents {e.g.,
ethereal olis}, solubility enhancers {e.g., benzy! benzoate or benzyl alcohol) or bicavailahility
enhancers {e.g. Gelucire.TM.). in the pharmaceutical compaosition, the agent may also be
dispersed in a microparticle, e.g. a nanoparticulate compaosition.
[00379]  For parenteral administration, the agent can be dissolved or suspended ina
physiologically acceptable diluent, such as, e.g., water, buffer, olls with or without solubilizers,
surface-active agents, dispersants or emulsifiers. As oils for example and without limitation,
aglive oll, peanut oil, cottonseed oil, soybean oil, castor oil and sesame oil may be used. More
generally spoken, for parenteral administration, the agent can be in the form of an agueous,
lipid, olly or other kind of solution or suspension or even administered in the form of liposomes
or nango-suspensions.
[003801  The term “parenterally,” as used herein, refers to modes of administration which
include intravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous and
intraarticular injection and infusion.
1003811 The compounds and processes of the invention will be better understood by
reference to the following examples, which are intended as an iHustration of and not a
limitation upon the scope of the invention.
5. Examples

(003821 Al NMR spectra were recorded on a 400 MHz AMX Bruker NMR spectrometer a 400
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MHz Bruker Avance AV-11-400 spectrometer or a Varian MR40D spectrometer. *H chemical
shifts are reportad in & values in ppm relative to residual protio solvent as the internal
standard. Data are reported as foliows: chemical shift, multiplicity {s = singlet, bs = broad
singlet, d = doublet, t = triplet, g = quartet, 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, €18 column, diode-array detector {DAD)
and an Agilent 6150 MSD with the following parameters. The gradient conditions were 5% to
95% acetonitrile with the aqueous ghase 0.1% TFA in water over 1.4 minutes, hold at 95%
acetonitrile for 0.1 min, 0.5 mL/min, 55 °C {80 sec method”). Samples were separated on a
Waters Acquity UPLC BEH C18 column {1.7 um, 1.0 x 50 mm} at 0.5 mi/min, with column and
solvent temperatures maintained at 55 °C. The DAD was set to scan from 190 to 300 nm, and
the signals used were 220 nm and 254 nim {both with a band width of 4nm}. The MS detector
was configured with an electrospray ionization source, and the low-resolution mass spectra
were acquired by scanning from 140 to 700 AMU with a step size of 0.2 AMU at 0.13
cycles/second, and peak width of 0.008 minutes. The drying gas flow was set to 13 liters per
minute at 300 °C and the nebulizer pressure was set to 30 psi. The capillary needie voitage was
set at 3000 V, and the fragmentor voltage was set at 100V, Data acquisition was performed
with Agilent Chemstation and Analytical Studio Reviewer software.

[00383] Abbreviations used in the examples and reaction schemes that fellow include the
following: ag is aguecus; Boc is tert-butoxycarbonyl; BrettPhos is 2-{dicyclohexyiphesphing)3,6-
dimethoxy-2°,4", 6 -triisopropyl-1, 1 -biphenyl; BrettPhos Pd G3 is [{2-di~cyclohaxylphosphing-3,6-
dimethoxy-2',4",6'- triisopropyl-1,1-bighenyl}-2-{2-amino-1,1" -bighenyl}| patiadium{il}
methanesulfonate methanesulfonate; t-BuOH is tert-butanal; DCE is 1,2-dichloreethane; DCM
is dichloromethane; DEA is diethylamine; DMF is N N-dimethylformamide; DMP or Dess-Martin
pericdinane is 1,1, -ris{acatyloxy}-1,1-dihydro-1,2-benziodoxol-3-(1H}-one; DIAD is dilsopropyl
azadicarboxylate; DIPEA or DIEA is diisopropyiethylamine; DMAP is 4-dimethylaminopyridine;
DMSQ is dimethyl sulfoxide; Dowtherm A is a eutectic mixture of 26.5% diphenyi + 73.5%

diphenyl oxide; DtBAD is di-tert-butyl-azodicarboxylate; eq or eq. is equivalent{s}); FtOAC s
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ethyi acetate; £tOH is ethanol; b is hour{s}; Hex is hexane{s}; IPA is isopropyi alcohel; KOAcis
potassium acetate; LAH is lithium aluminum hydride; m{CPBA is meta-chloroperoxy benzoic
acid; MeCN or ACN is acetonitrile; MeUOH is methanol; min is minute{s}; NaQAc is sodium
acetate; NaOMe is sodium methoxide; NCS is N-chlorosuccinimide; NMP is M-methyl-2-
pyrrolidone; Pd{dppfiCl; is [1,1-bis{diphenviphosphinoiferrocens dichioropaliadium{ii};
PA{QAc) s palladium{ll}acatate; PPA Is polyphosphoric acid; PPhs is triphenyiphosphine; PPTS is
pyridinium p-toluenesulfonate; rt is room temperature; sat. is saturated; sec is second{s}; SCX
cartridge or HF SCX cartridge is a strong cation exchanger cartridge {i.e. Agilent part#
14256027); SFC is supercritical fluid chromatography; TBAC or TRACH is tetrabutylammonium
chioride; t-BuXPhos is 2-Di-tert-butylphasphinoe-2°,4°, 6 -triisopropyibiphenyl; TEA s
triethyamine; TFA Is trifluoroacetic acid; THF is tetrahydrofuran; TosClis para-toluenesulfory
chioride; and tosyl is para-toluenesuifonyl.

a. Praparation of intermediates

0 l\rm
L\\[/CE o 0 'i/ X Dowthel mA \r/I
/E /”\ +N
. =N triethyl orthoformate N 220°C. 1h
HNT N EtOH, refiux 2h -71\ s
(8] (4
77%

(003841 5-{{{6-Chioro-5-methylpyridazin-3-yilamino}methylene}-2,2-dimethyl-1,3-dioxane-

4,6-dione {Intermediate A}: To a solution of 8~chloro-5-methyipyridazin-3-amine {1 g} in

ethanol {12 mL} were added triethy! orthoformate (1.16 mb} and isopropylidens maionate {1.04

g} at ambient temperature. The mixture was then heated to 60 °C for 18 hours. The mixture

was filtered and the cake was washed with ethanol {5 mb x 3} to afford the intermediate 5-[{{5-

chloro-S-methyl-pyridazin-3-yllaminomethylene}-2, 2-dimethyi-1,3-dioxane-4,6-dione {1.59 g,
7% yield}). ES-MS [M+1]*: 288.2

[00385)  7-Chioro-8-methyl-dH-pyrimido[1, 2-blpyridazin-4-one {Intermediate B}: A solution
of 5-[[{6-chloro-5-methyl-pyridazin-3-yllamino]methyiene}-2,2-dimethyl-1,3-dioxane-4,6-dione

{1.59 g} in Dowtherm A {8 mL} was stirred at 228 °C for 1 hour. After cooling, the mixture was
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added to water and acidified using 1M HC. The aqueous layer was extracted with hexanes {3 x
125 mbL} to remove Dowtherm A, The aqueous layer was neutralizedwith ag. NaHCOs and the
mixture was extracted with chioroform/iPA {4:1} {3x ). The combined organic layers were dried
over magnesium sulfate, concentrated to give the title compound {908 mg, 67% vield). 'H NMR
{400 MHz, DMS01 6 823 {d, /= 6.5 Hz, 1M}, 803 {g, /= 1.3 Hz, 1H}, .54 {d, /= 6.4 Hz, 1H}, 2.44
{d, S = 1.3 Hz, 3H}. ES-MS [M+1]" 196,

J

o O
O/‘\/‘J\U N

PPA, 85 °C, 18 hr

803861 7-Chioro-8,9-dimethyl-pyrimido[1,2-blpyridazin-4-one {Intermediate C}: A mixture
of 6~chloro-3-amine-4,5-dimethylpyridazine {550 mg), ethyl 3,3-diethoxypropionate {1.02 ml},
and polyphosphoric acid {5 ml} was added to a sealed tube. The mixture was stirred at 85 °C
for 5 hours then cooled to room temperature where additional ethyl 3,3-diethoxypropionate
{1.02 ml} was added 10 the reaction mixture. The vial was sealed and the mixture heated to 8%
“C for 18 hours. The reaction mixture was then slowly added to a stirred solution of 150 ml of
saturated agueous NaHCO; and 100 mib of DCM. After compiete addition, the mibtture was
allowed to stir for 20 minutes, the organic layer was separated, and the aqueous layer was
further extracted with chloroform/iPA {4:1) {x3]. The organic layers were poocled, dried over
MgSQ,, filtered, and concentrated. The crude product was purified using Teledyne 1SCO Combi-
Flash system (liquid loading with DCM, 40G column, 0 - 70% EtOAc/Hex, 35 min run) to give the
title compound as a solid {366 mg, 50% vield}). *H NMR {400 MHz, CDCi3} 8§ 8.22-8.20{d, /= 6.5
Hz, 1H}, 6.64 - 6.62{d, J= 6.5 Hz, 1H), 2.62 {d, /= 0.6 Hz, 3H}, 2.51 {d, /= 0.6 Hz, 3H}. ES-MS
IM+11h: 210,

O
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063877  7-Chioro-2,8-dimethyl-4H-pyrimido{1,2-blpyridazin-4-one {intermediate B}: To s
solution of 6-chloro-3-amino-5-methylpyridazine {1 g} in polyphosphoric acid {8 mL) was added
ethyl acetoacetate {1.76 mL). The mixture was heated to 120 °C for 18 hours. While still hot,
the mixture was siowly added o a stirred solution of 150 mi saturated NaHCOs:. The agueous
layer was extracted with chioroform:iPA (4:1) thrice. The organic layers were dried over
magnesium sulfate, fitered, and concentrated under vacuum. The crude product was purified
using a Teledyne ISCO Combi-Flash system {iguid loading with DCM, 80G column, 0~ 70%
EtCAC/DCM, 42 min run). Fractions containing desired product were concentrated to afford
the title compound as a solid {1.34 g, 2% vield}). *H NMR (400 MHz, CDCl) 8§ 7.598 {q, /= 1.3 Hz,
IHY, 6.50{s, 1H}, 2.50 {d, /= 1.3 Hz, 3H}, 2.43 {d, J = 0.7 Hz, 3H}. ES-MS [M+1]%: 210

O

//LH r\.._t
N /

Dowtherm A, reflux, 24h

663887  7-Chioro-2,3,8-trimethyl-4H-pyrimidol1,2-bipyridazin-4-one {Intermediate E}: Toa
solution of 8-chloro-3-amino-5-methylpyridazine {500 mg} in Dowtherm A (2 ml) was added
ethyl 2-methyl-3-oxo-butanocate {591 ul) and the reaction was heated to 150°C for 18

h. Additional ethyl 2-methyl-3-oxo-butanoate {581 ul) was added and the reaction microwave
irradiated at 180 °C for 15 minutes. The solution was diractly loaded onto a Teledyne I5CO
Combi-Flash system (120G column, 100% Hex, 6 min; then 0 - 80% E10AC/DCM, 15 minrun) to
afford the title compound as a solid {442 mg, 57% vield). 'H NMR {400 MHz, CDCh) 6 7.53 {q, J
= 1.3 Hz, 1H}, 247 {d, /= 1.3 Hz, 3H}, 2.45 {s, 3H}, 2.26 {5, 3H}, ES-MS [M+1]": 224,

o 0
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[00388]  7-Chioro-2,8,8-trimethyl-4H-pyrimido[1,2-bipyridazin-4-one {intermediate F:: To a
solution of 6-chloro-3-amino-4,5-dimethylpyridazine {500 mg} in polyphosphoric acid (4.5 mb)
was added ethyl acetoacetate {803 uyb}. The mixture was heated to 120 °Cfor 1 hour. While
hot, the mixture was slowly added to 125 mb of saturated NaHCO; and 50 ml chloroform/IPA
{4:1}. Upon complete addition, the mixture was allowed to stir for 15 minutes and the organic
layer was isolated. The aqueous layer was further extractad with chloroformidPA {4:1} (x3). The
organic layers were dried over magnesium sulfate, filtered, and concentrated under vacuum.
The crude product was taken up in 5 mL MeQOH, sonicated, and the precipitate was collected by
vacuum filtration and washed with hexanes. The solid was dried under nitrogen to yield the
title compound as a solid {472 mg, 67% vield). "H NMR {400 MHz, CDCl) § 6.49 {5, 1H}, 2.60 (d,
J=0.8Hz, 3H}, 2.48{q, /= 0.7 Hz, 3H}, 2.44 {g, /= 0.5 Hz, 3H}. ES-MS [M+1]": 224,
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[00380]  7-Chioro-8-methyl-2-{trifluoromethyi}-4H-pyrimido{l,2-blpyridazin-4-one
{intermediate G} To a solution of 6-chloro-3-amino-S-methyipyridazine {500 mg} in
polyphosphoric acid {5 mL) was added ethyl 4,4, 4-trifluoroacetoacetate {1.02 mbL). The mixture
was heated to 120 °C for 18 hours. While hot, the mixture was slowly added to a beaker
containing 125 ml of saturated NaHCQs and 50 mi chloroform/iPA {(4:1}) while maintaining a
pH~7. Upon complete addition, the mixture was allowed to stir for 15 minutes and the organic
layer was isolated. The agueous layer was further extracted with chloroform:iPA {4:1)

thrice. The organic layers were dried over magnesium sulfate, filtered, and concentrated under
vacuum. The crude product was dissoived in 15 mi of DMSO {any solids that precipitated were
coliected to give pure desired product) and the filtrate was purified by reverse-phase
chromatography using Gilson HPLC {50 x 250 mm column, 5 - 45% ACN/ 0.05% agueous NH4OH,
16 min run}). Fractions containing product were concentrated and combined with the previous
solid to give the title compound as a solid {393 mg, 43% vield). TH NMR {400 MHz, CDCL} 6 7.79
{g,/=1.3Hz, 1H}, 6.98 (s, 1K}, 2.56 {d, /= 1.3 Hz, 3H}. ES-MS [M+11": 264,



WO 2022/015988 PCT/US2021/041836

O

S
Ny FalT T oR (T N
HNT N PPA, 120 °C (n,

[00381]  7-Chioro-8,9-dimethyl-2-{triflucromethyi}-4H-pyrimido{1,2-blpyridazin-4-one

{intermediate H}: To a solution of &-chloro-3-amino-4,5-dimethyipyridazine {550 mg) in
polyphosphoric acid {5 mL) was added ethyl 4,4, 4-trifluoroacetoacetate {1.02 mL). The mixture
was heated to 120 °C for 18 hours. Additional ethyl 4,4,4-trifluorcacetoacetate {1.02 ml) was
added and the mixture was stirred for an additional 7 hours at 120 °C. While hot, the mixture
was slowly added to a beaker containing 125 mb of saturated NaRCQ; and 50 miL
chioroform/IPA {4:1} while maintaining a pH ~7. Upon complete addition, the mixture was
allowed to stir for 15 minutes and the organic layer was isolated. The agueous layer was
further extracted with chloroform:iPA {4:1) thrice. The organic layers were dried over
magnesium sulfate, filtered, and concentrated under vacuum. The crude product was dissolved
in DMSO {16 ml) and purified by reverse-phase chromatography using Gilson HPLC {50 x 250
mm column, 5 - 50% ACN/ 0.05% aqueous NHaOH, 16 min run}. Fractions containing product
were concentrated to afford the title compound {264 mg, 27% vield) as a solid. TH NMR {400
MHz, CDCE} 8 6.96 (5, 1H}, 2.57 (g, = 0.9 Hz, 3H), 2.48 {q, /= 0.9 Hz, 3H}. ES-MS [M+1]": 278,
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1003821  7-Chloro-2-{difluoromethyl}-8-methyl-4H-pyrimido{1,2-blpyridazin-4-one
{intermadiate I To a solution of 6-chioro-3-amino-S-methyipyridazine (500 mg} in
polyphosphoric acid (5 mL) was added ethyl 4,4-difluoroacetoacetate {912 yL}. The mixture was
heated to 120 °C for 2 hours, While hot, the mixture was slowly added to a beaker containing

125 mib of saturated NaHCOs and 50 mi chioroform/IPA (4:1}) while maintaining a pH~7. Upon
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complete addition, the mixture was allowed to stir for 15 minutes and the organic laver was
isolated. The agueous layver was further extracted with chioroformidPA {4:1) thrice. The organic
layers were dried over magnesium suifate, filtered, and concentrated under vacuum. The crude
product was dissolved in DMSO {15 mL) and purified by reverse-phase chromatography using
Gilson HPLC {50 x 250 mm column, O - 45% ACN/ 0.05% aqueous NHaOH, 16 min run}. Fractions
containing product were concentrated to afford the title compound as a solid (840 mg, 75%
yield). 'H NMR {400 MHz, CDCl} 6§ 7.73 {q, /= 1.3 Hz, 1H), 6.90 {s, 1H}, 6.46 {t, J = 54.8 Hz, 1H},
2.55{d, /= 1.3 Hz, 3H}. ES-MS [M+1]": 246,
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[00393] 7-Chioro-2-{diflucromethyl}-8,9-dimethyl-dH-pyrimido[1,2-bjpyridazin-4-one
{intermediate }: To a solution of 6-chloro-3-aminoe-4,5-dimethylpyridazine {1.65 g} in
polyphosphoric acid {10 mb) was addad ethyl 4 4-difluoroacetoacetate {2.74 ml). The mixture
was heated to 120 °C for 6 hours. While hot, the reaction mixture was then slowly added into a
stirred saturated NaHCO; soiution {200 mL). Once the pH™7, the agueous layer was extracted
with chioroform:IPA {4:1}. The organic layers were dried over magnesium sulfate, filtered, and
concentrated under vacuum. The crude product was purified using aTeledyne 15C0O Combi-Flash
system {liquid loading with DCM, 120G column, 0 - 40% EtOAc/DCM, 15 min run) to afford the
title compound {1.05 g, 39% vield) as a solid. 'H NMR {400 MHz, CDCls} § 6.90 {s, 1H), 6.48 {t, /
=54.9 Hz, 1H}, 2.64 {s, 3H}, 2.53 {5, 3H). ES-MS [M+1]": 260.
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[063%4] 7-Chioro-2-cydopropyi-8-methyi-4H-pyrimido{1,2-b]pyridazin-4-one {intermediate
Kb In a sealed vial was added a solution of 6-chloro-3-aminoe-5-methylpyridazine (500 mg) and
ethyl 3-cyciopropyl-3-oxopropancate {617 ub} in DOWTHERM A {5 mL}. The vial was sealed
and the reaction was heated to 150 °Cfor 18 h. Additional ethyi 3-cyclopropyl-3-
oxoprepanoate {617 ul) was added and the reaction heated to 220 °C for 3 . Materiai was
loaded directly onto a Teledyne ISCO Combi-Flash system {liquid loading, 120G column, 100%
Hex, & min run; then 0 - 40% EXOAC/DCM, 15 min run} to afford the title compound {44 mg; 5%
yield) as a solid. *H NMR {400 MHz, CDC) 5 7.52{q, /= 1.3 Hz, 1H}, 651 (s, 1H}, 2.47(d, /= 1.4
Hz, 3H), .97 - 1.86 {m, 1H}, 1.18 - 1.10 {m, 2H}, 1.08 - 0.97 {m, 2H}. ES-MS [M+1]}": 236.
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[00385]  7-Chioro-2-ethyl-8,9-dimethyl-4H-pyrimidol 3,2-Blpyridazin-4-one {Intermediate L)

To g solution of 8-chioro-3-amino-4,5-dimethylpyridazine {550 mg) in polyphosphoric acid {4
mL} was added ethyl 3-oxopentancate {913 ul). The mixture was heated to 85 °C for 1 hour,
then 120 °C for 1 hour. While hot, the mixture was slowly transferred 1o a stirred solution of
saturated agueous NaMCOs (V150 ml) and chloroform/IPA (4:1) (50 mL}. Upon complete
addition, the mixture was stirred for 10 minutes then the organic layer was isolated. The
aqueous layers was further extracted with chioroform/iBA {4:1) (3} and the organic layers
were pooled, dried over MgSQ,, filtered, and concentrated under vacuum. Upon cooling, a
solid precipitate was observed. Hexanes was added, the suspenion was sonicated, the solid

was collected by vacuum filtration, and washed with hexanes to provide the title compound
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(469 mg, 57% yield) >35% clean by LOMS. 'H NMR {400 MHz, CDCls} 6 6.50 (s, 1H), 2.70 {g, / =
7.6 Hz, 2H), 2.61 {s,3H), 2.48 (s, 3H), 1.30(t, J = 7.6 Hz, 3H). ES-MS [M+1]" 238.
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[00386] 7-Chioro-2-isopropyl-8,9-dimethyl-4H-pyrimido{1,2-blpyridazin-4-one

{intermediate M}: To a solution of &-chioro-3-amino-4,5-dimethylpyridazine {550 mg} in
polyphosphoric acid {5 mL) was added ethyl 4-methyl-3-oxo-pentancate {(1.13 mb} The mixture
was heated to 85 °C for 1 hour, then 120 “Cfor 1 hour. While still hot, the mixture was slowly
added to a stirred solution of saturated agueous NaHCOs {150 mL) and chioroform/IPA {4:1} (30
mL}. Upon complete addition, the mixture was stirred for 10 minutes and the organic layer was
isolated. The agueous layer was further extracted with chioroform/iPA {4:1} (3 x 530 ml) and
the organic layers were pooled, dried over Mg50,, filtered, and concentrated. The crude
product was purified using a Teledyne ISCO Combi-Flash system {liquid loading with DCM, 80G
column, 0 - 65% FtQAc/Hex, 20 min run). The column was then flushed with hexanes followed
by 0 - 2% MeOH/DCM, 10 min to give the title compound {204 mg; 23% vield) as a solid. *H
NMR (400 MHz, COCl) 8 6.47 {s, 14}, 3.63 (hept, J= 6.8 Hz, 1H}, 2.56{d, J = 1.0 Hz, 3H}, 2.44 {d,
J=1.0Hz, 3H}, 1.32 {5, 3H}, 1.30{s, 3H}. ES-MS {M+1]": 252,
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1003971 7-Chloro-2-{methoxymethyl}-8,9-dimethyl-4H-pyrimido[1,2-blpyridazin-d-one
{intermeadiate N}: To a solution of 6-chloro-3-amino-4,5-dimethyipyridazine {1 g} in

polyphosphoric acid {9 mb) was added methyl 4-methoxy-3-oxo-butanoate {1.23 mL}. The
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mixture was heated to 85 °C for 1 hour, then 120 °C for 30 minutes. The mixture was then
guenched by siow addition to a solution of saturated sodium bicarbonate (=150 mbi} and 4:1
chioroform/IPA (=50 mL}). The organic layer was isolated and the aqueous layer further
extracted {x3}. The organic layers were pooled, dried over magnesium sulfate, filtered, and
concentrated. The crude product was dissolved in DMSO {9 mL) and solid was filtered off. The
filtrate was purified using the Gilson {Basic, 50 x 250 mym column, 5 - 55% ACN/ 0.05% agueous
NHaOH, 16 min run). Fractions containing product were concentrated o give the title
compound {219 mg) as a solid. The solid was washed with hexanes then dissolved in DCM and
purified using a Teledyne 1SCG Combi-Flash system {liquid lcading with DCM, 80G column, 0-2%
MeGH/DCM/NHLOH, 10 min run}. Fractions containing product were concentrated to give the
title compound {682 mg; 43% vield} as a solid. *H NMR {400 MHz, CDCLI 6 6.77 {t, /= 1.0 Hz,
1HY, 445 {d, J=1.0Hz, 2H}, 3.51 {s, 3H}, 2.59{d, /= 0.9 Hz, 3H}, 2.49 {d, / = 1.0 Hz, 3H}. ES-MS
IM+11H: 254,

O o

[003388] 7-Chioro-2-{methoxymethyl}-8-methyl-4H-pyrimido[1,2-blpyridazin-4-one
{intermediate O} To a solution of 6-chioro-3-amino-5-methylpyridazine {500 mg) in
polyphosphoric acid {5 mL) was added methy! 4-methoxy-3-oxo-butanoate {673 ul, 5.22mmol).
The mixture was heated to 85 °C for 1 hour, then 120 °C for 30 minutes. The mixture was then
quenched by siow addition to a solution of saturated sodium bicarbonate {~150 mij and 4:1
chioroform/IPA {(~50 mL}. The organic layer was isolated and the agueous layer further
extracted {x3}. The organic layers were pooled, dried over magnesium sulfate, filtered, and
concentrated. The crude product was dissalved in DMSQO {12 ml) and purified by reverse-phase
chromatography using Glison HPLC {50 x 250 mm column, 0 - 45% ACN/ 0.05% agueous NHaOH,

16 min run). Fractions containing product were concentrated to give the title compound as a
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solid (690 mg, 83% vield). H NMR {400 MHz, CDC)} 8 7.61 (g, J= 1.3 Hz, 1H), 6.76(d, = 1.1
Hz, 1H), 4.42 {s, 2H), 3.50 (s, 3H), 2.50 (d, /= 1.2 Hz, 3H}). ES-MS [M+1]*: 240,
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[00399] Ethyl 7-chloro-8-methyl-4-oxo-4H-pyrimidof1,2-blpyridazine-2-carboxylate
{intermadiate P}: A mibdure of diethy! ethoxymethylenemalonate {641 ul) and 6-chloro-3-
amino-4,5-dimethylpyridazine {500 mg) in Dowtherm A {6 mL} was heated 1o 200 °Cfor 18
hours. The reaction mixture was cooled to room temperature and loaded directly onto a
Teledyne ISCO Combi-Flash system {liquid loading, 80G column, 0 - 55% E10Ac/DCM, 25 min
run}. Fractions containing desired product were concentrated and determined to he impure by
LCMS. Material was dissolved in DMSO {3 mL) and purified by reverse-phase chromatography
using Gilson HPLC {50 x 250 mm column, 5 - 50% ACN/ 0.05% aqueous NH4OH, 16 min run).
Fractions containing product were concentrated to give the title compound as a solid {250 mg;
28% yield™H NMR {400 MHz, CDCl) 8 8.93 (s, 1H), 7.75 (s, 1H}, 4.42 {g, J= 7.1 Hz, 2H), 2.57 {d, J
=(0.9 Hz, 3H}, 1.41 {1, /= 7.1 Hz, 3H}. ES-MS [M+1]": 268.2.
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[00400]  7-Chloro-3-fluoro-2,8-dimethyl-4H-pyrimido[1,2-blpyridazin-d-one {Intermediate

Q) To a solution of 6-chiore-3-amino-5-methylpyridazine {550 mg} in polyphosphoric acid (5.5
ml) was added ethyl 2-fluoroacetoacetate {861 gL}, The mixture was heated to 120°Cfor 2
hours. The mixture was then quenched by slow addition to a solution of saturated sodium
bicarbonate {~150 mL} and 4:1 chloroform/iPA {~50 mL). The organic layer was isolated and

the agqueous layer further extracted (x3}). The organic layers were pooled, dried over
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magnesium sulfate, filtered, and concentrated. The mixture was then quenched by slowly
adding 1o a solution of saturated sodium bicarbonate {V150ml} and 4:1 chioroform/IPA {~50
mL}. The organic layer was isolated and the agueous layer further extracted {x3). The organic
layers were pooled, dried over magnesium sulfate, filtered, and concentrated. The crude
product was dissolved in DMSO {12 mlb) and purified by reverse-phase chromatography using
Gilson HPLC (50 x 250 mm column, 0 - 45% ACN/ 0.05% aqueous NHiOH, 16 min run). Fractions
containing product were concentrated to give the title compound {627 mg; 72% vield} as a
solid. 'H NMR (400 MHz, CDCls} 8§ 7.60 {g, /= 1.3 Hz, 1H), 2.52 - 2.47 {m, 6H}. ES-MS [M+H]" =
228.
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[00401]  7-Chioro-3-fluore-2,8,9-trimethyl-4H-pyrimido{1,2-blpyridazin-4-one {intermediate
R} Te asolution of 6-chioro-3-amino-4,5-dimethvipyridazine {5350 mg} in Dowtherm A {4 mL}
was added ethyl 2-fluoro-3-oxo-butanoate {525 ul} and the reaction was heated to 150 °C for
18 hours. Additional ethyl 2-fluoro-3-oxo-butancate {525 ul} was added and the reaction
stirred for an additional 18 hours at 150 °C. The reaction mixture was loaded directly onto a
Teledyne ISCO Combi-Flash system {liquid loading with DCM, 120G column, 0-20% Hex/EtOAC, &
min run; then 0-30% EtOAC/DCM, 10 min run} to afford the title compound {243 mg; 29%
yieldH NMR {400 MHz, CDCl} 5 2.62(d, J= 0.9 Hz, 3H}, 2.51{d, /= 3.6 Hz, 3H}, 2.48{t, /= 0.9
Hz, 3H}. E5-MS [M+1]": 268,
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(00403} 3,7-Dichioro-2,8-dimethyl-dH-pyrimido[1,2-blpyridazin-4-one {intermediate 8}: To
a solution of 7-chloro-2,8-dimethyl-pyrimido{1, 2-blpyridazin-4-one {50 mg} in DMF {0.66 mL}

was added N-chiorosuccinimide {33 mg). The mixture was stirred at room temperature for 18
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h. Additional N-chlorosuccinimide (8 mg} was added and the mixture stirred for 48 h. The
rixture was poured into water and extracted with DUM, passed through a phase separator, and
concentrated. The crude product was purified using a Teledyne 1SCO Combi-Flash system
{liquid loading with DCM, 12G column, 0-30% EOAC/DCM, 10 min run). 'H NMR {400 MHz,
CDCL} 8 7.65 (g, J= 1.3 Hz, 1H), 2.60 {s, 3H}, 2.51 {d, /= 1.3 Hz, 3H}. ES-MS [M+1]": 244
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064037 3,6-Dichloro-4-{methoxymethyil-5-methyipyridazine {intermediate Th A stirred
solution of 3,6-dichloro-4-methyipyridazine {2 g}, methoxyacetic acid (2.82 mL} and sibver
nitrate {1.04 g} in water {100 mL} was heated to 72 °C where ammonium persulfate {4.2 g} was
added slowly in several portions. The mixture was heated for 30 minutes at 72 °C, then 1 h at
a0 °C. Additional ammonium persulfate was added portionwise (2.4 g} and the reaction was
allowed to stir for another 1 h at 80 °C. The mixture was cooled to room temperature and
slowly poured into a solution of saturated aqueous bicarbonate {~150 mb) and chioroform/IPA
{4:1} and stirred for 20 minutes then extracted {x3}. The organic layers wera pooied, dried over
magnesium sulfate, filtered, and concentrated. The crude product was dissolved in DMSG {15
mL} and purified by reverse-phase chromatography using Gilson HPLC (20 x 250 mm column, 15
- 60% ACN/ 0.1% agquecus TFA, 16 min run}. Fractions containing product were basified with
sat. NaHCOs,, extracted with 3:1 chioroform/iPA, dried over magnesium sulfate, filtered, and
concentrated to give the title compound {1.6 g; 62% vield). H NMR {400 MHz, CDC) § 4.64 (s,
2H}, 3.44 {5, 3H}, 2.52 {s, 3H}. ES-MS [M+1]": 208,
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004047  &-Chioro-3-{methoxymethyl}-4-methyipyridazin-3-amine {intermediate U1} 3,6-
Dichloro-4-{methoxymethyl}-5-methvl-pyridazine {1.59 g} was mixed with ammonium
hydroxide {78 mL) solution and heated to 210 °C for 24 hours in a stainless steel pressure
vessel, The reaction was cooled to room temperature and the reaction mixture was transferred
to a round bottom flask with DCM/MeQOH and concantrated. The crude product was dissolved
in DMSG {12 mL) and purified by reverse-phase chromatography using Gilson HPLC {50 x 250
mm column, 0-35% ACN/ 0.05% agqueous NHaOH, 16 min run) to afford the title compound {364
mg; 26% yield). TH NMR {400 MHz, CDCh} 8 4.72 {5, 2H}, 4.59 {5, 2H)}, 3.42 {s, 3H)}, 2.23 {s, 3H}.
ES-MS [Mi+1]": 188,

[00405]  &-Chiloro-d-{methoxymethyl}-5-methylpyridazin-3-amine {Intermediate U2): The
intermediate was synthesized and isolated as described in the previous step (554 mg; 39%
vield), TH NMR (400 MHz, CDCla) 8 5.27 {s, 2H}, 4.52 (s, 2H}, 3.38 {5, 3H}, 2.36 (5, 3H}. ES-MS
M1}t 188,
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[00406]  7-Chloro-8-{methoxymethyl}-9-methyl-4H-pyrimido[1,2-blpyridazin-d-one
{intermediate V}: To a mixture of ethyl 3,3-diethoxypropionate {755 yl} and 6-chioro-5-
{methoxymethylj-4-methyl-pyridazin-3-amine {364 mg} was added polyphosphoric acid {3



WO 2022/015988 PCT/US2021/041836

mL). The mixture was stirred at 120 °C for 5 heours. More ethyl 3,3-diethoxypropionate {755
ull was added and the mixture stirred at 120 °C for an additional 1 hour. The reaction mixture
was then slowly added to g stirred solution of 100 mL of saturated agueous NaHC0O; and 50 mi
of DCM. After complete addition, the mixture was allowed to stir for 20 minutes and the
organic layer was separated. The agqueous layer was further extracted with chloroform/IPA
{4:1} (x3}. The organic layers were combined, dried over MgSQ,, filtered, and concentrated. The
crude product was dissolved in DMSO {12 mL} and purified by reverse-phase chromatography
using Gilson HPLC {50 x 250 mm column, 0 - 55% ACN/ 0.05% aqueous NHaOH, 16 min run).
Fractions containing product were concentrated to give the title compound {108 mg; 23% yield)
as a solid, *H NMR {400 MHz, CDCI} 6§ 8.23 {d, /= 6.4 Hz, 1H), 6.68 {d, / = 6.4 Hz, 1H}, 4.65 (s,
2HY, 3.49 (s, 3H}, 2.71 {s, 3H}. ES-MS [M+1]}": 240.
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1004071 7-Chloro-9-{methoxymethyl}-8-methyl-dH-pyrimido[ 1,2-blpyridazin-4-one
{intermadiate W} To a mixture of ethyl 3,3-diethoxypropionate {1.15 mL} and 6-chioro-5-
{methoxymethyl}-4-methyl-pyridazin-3-amine {554 mg,} was added polyphosphoric acid {5

mL}). The mixture was stirred at 120 °C for 1 hour. More ethyl 3,3-diethoxypropionate {1.15
mb) was added and the mixture stirred 3t 120 °C for an additional 1 hour. The reaction mixture
was then slowly added to a stirred solution of 150 ml of saturated agueous NaHCOsz and 100
mi of DCM. After complete addition, the mixture was allowed 1o stir for 20 minutes and the
organic fayer was separated. The agueous layer was further extracted with chloroform/IPA
{4:1} {x3). The organic layers were combined, dried over MgSQ,, filtered, and

concentrated. The crude product was dissolved in DMSO (12 ml) and purified by reverse-phase
chromatography using Glison HPLC {50 x 250 mm column, 0 - 40% ACN/ 0.05% agueous NHaOH,

16 min run}. Fractions containing product were concentrated to give the title compeund as a
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solid. 'H NMR {400 MHz, CDCls) § 8.22 {d, /= 6.4 Hz, 1H), 6.64 {d, J = 6.4 Hz, 1H), 4.95 (s, 2H},
3.48 (s, 3H}, 2.58 (s, 3H). FS-MS [M+1]*: 240.
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804087 3,6-Dichloro-d-cyclopropyl-5-methylpyridazine {Intermediate X} A stirred solution
of 3,6-dichloro-4-methylpyridazine (2.5 g}, cyclopropanecarboxylic acid {3.66 ml) and silver
nitrate {1.3 g} in water {125 mi} was heated to 72 °C where ammonium persulfate {5.25 g} was
added slowly in several portions. The mixture was heated for 20 minutes at 72 °C.  Sulfuric acid
{1.23 ml} was added and the mixture was heated to 90 °C for 1 hour. The mixture was cooled
to ambient temperature and slowly poured into a solution of saturated agueous bicarbonate
{~150 mL} and chioroform/IPA {4:1} {~75 mL} and stirred for 20 minutes then extracted with
chioroform/IPA {4:1} {x3}). The organic layers were combined, dried over magnesium suifate,
filtered, and concentrated. The crude product was purified using a Teledyne I5CUO Combi-Flash
system {liquid loading with DCM, 80G column, 0-25% Ei0Ac/Hex, 15 min run} to afford the title
compound {1.95 g; 63% vield). *H NMR {400 MHz, CDCl:) § 2.54 {d, /= 0.9 Hz, 3H), 1.88-1.75
{m, 1H}, 1.34 — 1.19 {m, 2H}, 0.81 - 0.67 {m, 2H). ES-MS [M+1]*: 203.
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Y1 Y2
[004098]  &-Chioro-d-cyclopropyl-S-methylpyridazin-3-amine {intermediate Yi}and &

chioro-5-cyclopropyl-4-methylpyridazin-3-amine {intermediate Y2}): 3,6-Dichloro-4-
cyclopropyl-B-methyl-pyridazine (1.0 g} was mixed with ammonium hydroxide {15 mi; 28% NH3
in water} solution and 1,4-dioxane {2 mL}. The solution was heated to 210 °C for 24 hours {140
psi}. The reaction was cocled to room temperature and the reaction mixture was transferred

10 a round bottom flask with DCM/MeOH and concentrated. The crude product was purified
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using a Teledyne ISCO Combi-Flash system (solid loading, 80G column, ¢ - 80% Et0Ac/DCM, 25
min run; then 0-10% MeOH/DCM/NHAOH, 10 min} to give a mixture of the title compounds. H
NIMR (400 MHz, COC3) 8 2.46 {d, /= 1.2 Hz, 3H}, 1.90 - 1.79 {m, 1H}, 1.42 - 1.29 {m, 2H}, 0.86 -
0.73 {m, 2H}. *H NMR {400 MHz, CDCl) 6§ 2.60{d, J = 1.3 Hz, 3H}, 1.80 - 1.55 {m, 1H}, 1.44 -
1.32 {m, 2H}, 0.81 - 0.72 {m, 2H}. ES-MS [M+1]": 184,

O 0/’
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PPA, 120 °C

Z14 22
[00410] 7-Chioro-%9-cyclopropyi-8-methyl-4H-pyrimido{l,2-bipyridazin-4-one {intermediate

21} To a mixture of isomers 6-chloro-5-cyclopropyl-4-methyl-pyridazin-3-amine and 6-chioro-
d-cyclopropyl-S-methyl-pyridazin-3-amine {328 mg} was added ethyl 3,3-diethoxypropionate
{1.97 ml) and polyphosphoric acid {7 mL). The mixture was stirred at 120 °C for 1 hour. More
ethyl 3,3-diethoxypropionate {1.97 mL} was added and the mixture stirred an additional 1 hour
at 120 °C. The reaction mixture was then slowly added to a stirred solution of 150 mlL of
saturated aqueous NaHCO; and 100 mib of DCM. After complete addition, the mixture was
allowed to stir for 20 minutes and the organic layer was separated. The agueous layer was
further extracted with chloroform/iPA {4:1) {(x3}. The organic layers were combined, dried over
Mg50,, filtered, and concentrated. The crude product was dissolved in DMSO {15 mi} and
purified by reverse-phase chromatography using Gilson HPLC {50 x 250 mm column, 0 - 45%
ACN/ 0.1% aqueous TFA, 20 min run}. Fractions containing product were neutralized with sat.
NaHCOs, and extracted with 3:1 chioroform/IPA. The organic layers were concentrated to give

the title compound as a solid {73 mg; 6% vield}. ES-MS [M+1]": 236,

(004111 7-Chloro-8-cyclopropyl-S-methyl-4H-pyrimido{l, 2-blpyridazin-d-one {intermediate
22} Intermediate 22 was synthesized and isolated as described in the previous step to give the

title compound as a solid {473 mg; 40% vield). ES-MS [M+1]": 236,
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[00412] 4-Bromo-6-chioro-5-methylpyridazin-3-amine {Intermediate AAL A mixture of 6-
chloro-5-methylpyridazin-3-amine {4 g} and NaHC0O: {4.68 g} were suspended in MeCH (40 mlL)
and treated with Br, {6.68 g). The mixture was stirred at 20 °C for 4 hours. The mixture was
filtered and the cake was washed with a mixture of DCM/MeOH {10:1) {100 mL}. The filtrate
was concentrated. The residue was diluted with saturated NapS0Os aqueous solution {30 mi},
then extracted by DCM {100 mL x 5}. The combined organic layers was dried over Na2S0s, and
concentrated to give 4-bromo-6-chioro-5-methylpyridazin-3-amine {6.07 g). *H NMR (400 MHz,
CDCh} 6 5.86 (brs, 2H), 2.52 (s, 3 H).
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[00413]  9-Bromo-7-chioro-8-methyl-4H-pyrimido[1,2-5]pyridazin-d-one (Intermediate AB):
A mixture of 4-bromeo-6-chiloro-5-methylpyridazin-3-amine {6 g} and diethy! 2-
{ethoxymethyiene)malonate {11.66 g} in PPA {100 ml)} was stirred at 120 °C for 2 hours. The
mixture was added to sat. ag.NaC0; while maintaining pH about 8 and extracted with Et0Ac
{50 mi x 4}. The combined organic layers were washed with brine {20 mi x 2}, dried over
Na250a, filtered and concentrated. The residue was purified by Combi Flash (silica gel, from 0 o
70%, Ethyl acetate in petroleum ether) to give 9-bromo-7-chloro-8-methyl-dH-pyrimido(l,2-
Blpyridazin-4-one (4.1 g}, 'H NMR {400MHz, CDClz) 6 8.28 {d, /= 6.8 Hz, 1H}, 6.68 {d, /= 6.4 Hz,
1HY, 2.73 {s, 3H}L
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[00414]  tert-Butyl d-methyisulfonyioxypiperidine-L-carboxylate {intermediate ACk: To s
solution of tert-butyl-4-hydroxypiperidine-1-carboxylate (2.5 g} in DCM {40 ml) at 0 °C was
added triethylamine {2.42 mL} followed by dropwise addition of methanesulfonyl chioride {1.35
mL}. The ice bath was removed and the reaction was stirred for 18 h at room temperature. The
reaction mixture was diluted with 3:1 CHCL/IPA and water. The layers were separated and the
agueous layer was extracted with 3:1 CHCI/IPA {2x). The combined arganic layers were
washed with brine, dried over MgSQ,, filtered, and concentrated teo afford the title compound
3.4 g HNMR (400 MHz, CDCEY 6 4.91-4.85 {m, 1H), 3.73-3.67 {m, 2H)}, 3.33-3.26 {m, 2H), 3.03
{s, 3H}, 1.99-1.93 {m, 2H}, 1.85-1.77 {m, 2H}, 1.45 {s, 9H}.
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[00415]  tert-Buiyl 4-{{2,3-dihydrobenzo[bli1,4]1dioxin-&-vi}oxy)piperidine-1-carboxylate
{intermediate AD}: To a flask was added tert-butyl 4-{{methylsulfonylloxy)piperidine-1-
carboxylate (1.5 g}, 6-hydroxy-4-oxachroman {565 mg}, tetrabutylammaonium chioride {207 mg},
and potassium carbonate {1.6 g). After the addition of water {17.5 mL} and DMF {1 mL}, the
reaction was heated to 100 °C for four hours. The reaction was allowed to cool to room
temperature and was extracted with DCM {2x}. The combined extracts were washed with water
and 2N NaOH before being dried (Na;S04), filtered, and concentrated in vacuo. Purification by
flash chromatography on silica gel {20-70% EtOAc/Hexanes) afforded the title compound {472
mg): 1H-NMR {400 MHz, CDCh) 8 6.76 {d, /= 8.7 Hz, 1H), 6.46 {d, J = 2.8 Hz, 1H), 6.42 {dd, J =
8.7, 2.8 Hz, 1H), 4.35-4.28 {m, 1H), 4.25-4.18 {m, 4H), 3.69 {ddd, J = 12.9, 7.3, 3.5 Hz, 2H), 3.29
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{ddd, S =12.5,7.9, 3.8 Hz, 2H}, 1.90-1.85 {m, 2H}, 1.74-1.66 {m, 2H}, 1.46 {5, 9H}. ES-MS [M-
C{CHs}s+H]" 280.4,

[00416)  4-{{2,3-dihydrobenzo[b][1, 4]dioxin-6-yljoxyipiperidine {intermediate AE}: Tert-
butyl 4-{{2,3-dihydrobenzo{bli1,4]dioxin-6-yijoxylpiperidine-i-carboxyiate {315 mg) was
disscived in 4 M HC! solution in 1,4-dioxane {14 miL}. After five hours at room temperature, the
reaction was concentrated in vacuo. The crude material was taken up in MeQOH and purified by
HF SCX cartridge and NHs solution (2N in MeOH) to afford the title compound (68 mg): 'H NMR
{400 MHz, DMSO-ds} & 6.77 {d, § = B.8 Hz, 1H}, 6.44-6.39 {m, 2H}, 4.48-4.46 {m, 1H}, 4.24-4.19
{m, 4H), 3.31 {ddd, /= 12.8,12.8, 3.7 Hz, 2H}, 3.16 {ddd, /= 8.2, 8.2, 3.9 Hz, 2H}, 2.20-2.05 {m
4H}; ES-MS IM+1]7 2362,
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064177 2,2,3,3-Tetradeuterio-1,4-benzodioxine-6-carbaldehyde {intermadiate AG}: Ina
500 mb round bottom flask wers combined 3,4-dihydroxybenzaldehyde {22.3 g}, 1,2-
dibromoethane-D4 (14.1mL), and potassium carbonate {65.0g) in acetone {5315mL). The
reaction was heated to reflux for 18 h. The reaction was diluted with EtOAc, filtered through
celite, and the filtrate was concantrated in vacug. The crude sample was purified by flash
chromatography on sifica gel {0-40% EtOAc/Hexanes) to afford the title compound {(15.4 g}, 'H
NMR {400 MHz, CDCla} 6 9.82 (s, 1H}, 7.41-7.38 {m, 2H}, 6.97 {d, / = &.8 Hz, 1H}. ES-MS [M+11"

D
A NGRL 1) mCPBA, DCE, 50°C HO
o) 3
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O 2)K,COs MeOH

168.

004181  2,2,3,3-Tetradeuterio-1,4-benzodioxin-6-o} {intermediate AH): Step 1. Toa
solution of 2,2,3,3-tetradeuterio-1,4-benzodioxine-6-carbaldehyde {15.4 g} in DCE {250 mi} was
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added 3-chioroperoxybenzoic acid {47.6 g, <77% CAS#S37-14-4; Sigma-Aldrich). The reaction
mixture was heated to 50 °C for 18 h. The reaction was diluted with DCM and saturated
NaHCOs; solution. The layers were separated. The agueous layer was extracted with DCM {2 x)
and the combined organic layers were washed with brine, dried {Mg5Qa), filtered, and
concentrated to afford 2,3-dihydrobenzolb{1,4]dioxin-6-yi-2,2,3,3-d4 formate {15.1 g}. E5-MS
M1}t 185,

(004181 Step 2. 2,3-Dihydrobenzolblil,4]dioxin-6-v1-2,2,3,3-d4 formate {15.1 g} was
dissolved in methanoi {250 mL} and potassium carbonate {15.5 g} was added. After 3 h, the
solvent was removed and water/DCM {1:1) were added. The agueous layer was slowly acidified
by dropwise addition of 6 N aqueous HC to pH < 4. The layers were separated, and the
agqueous layer was extracted with DCM (2 x} and the combined organic layers were washed
with brine, dried (MgS04}, filtered, and concentrated. The filtrate was purified by flash
chromatography on silica gel {0-40% EtOAc/Hexanes). The desired fractions were concentrated
and co-evaporated (2 x with toluene) to afford the title compound {12.3 g}. *H NMR {400 MHz,
COCLYA6.72(d, J=8.8 Hz, 1H), 6.39{d, /= 2.9 Hz, 1H}, 6.34-6.31 {dd, /= 8.7, 2.9 Hz, 1H}, 4.64
{5, 1H}. ES-MS [M+1]": 157,
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(004207  teri-Butyl 4-[{2,2,3,3-tetradeuteric-1,4-benzodioxin-6-yijoxylpiperidine-1-
carboxyiate {intermediate Al): To a2 1000 mb round bottom flask were added tert-butyl 4~
methyisulfonyloxypiperidine-1-carboxylate {18 g}, 2,2,3,3-tetradeuterio-1,4-benzodioxin-6-0i
{6.0 g}, potassium carbonate {16.2 g}, and tetrabutylammonium chloride {2.1 g} in water {360
mb) and DMF {18 ml}. The reaction was heated to reflux. After 24 h, the reaction was cooled

to room temperature, diluted with EYCAC and washed with water {3 %}, brine {2 x}. The organic
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layer was dried {MgSQa), filtered, and concentrated in vacuo. The crude oil was purified by
flash chromatography on silica gel {0-40 % EtOAc/Hexanes) to afford the title compound (3.1
g} 'H NMR {400 MHz, CDCh} 8 6.76 {d, J = 8.7 Mz, 1H), 6.46 {d, /= 2.8 Hz, 1H}, 6.44-6.41 {dd, i =
8.7,2.8 Hz, 1H}, 4.32-4.27 {m, 1H}, 3.72-3.66 {m, 2H}, 3.31-3.25 {m, 2H}, 1.90-1.85 {m, 2H}, 1.74-
1.66 {m, 2H}, 1.46{s, 9H}. ES-MS [M+1}*: 340.

004237 4-{{2,2,3,3-Tetradeuterio-1,4-benzodioxin-&-yiloxyipiperidine {Intermediate Al} as
TFA-salt: To a round bottom flask containing tert-butyl 4-{{2,2,3,3-tetradeuterio-1,4-
benzodioxin-6-yijoxyipiperidine-1-carboxylate {760 mg) in DCM {6 ml} was added
trifluoroacetic acid {2 mb}). After 2 h at room temperature, the solvents were removed and the
crude residue was dissolved in DCM and concentrated in vacuo {3 =} to afford the title
compound (802 mgl. TH NMR {400 MHz, CDCh) 8 6.78{d, / = 8.9 Hz, 1H), 6.45{d, /= 2.8 Hz, 1H},
6.43-6.40 {dd, J = 8.8, 2.9 Hz, 1H}, 4.51-4.50 {m, 1H}, 3.44-3.37 {m, 2H)}, 3.28-3.25 {m, 2H}, 2.16-
2.07 {m, 4H}. ES-MS [M+1]": 240.
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(004227  tert-Bubyl 2,2,6,6-tetradeuterio-4-[{2,2,3,3-tetradeuterio-1,4-benzodioxin-&-
viloxy]piperidine-L-carboxylate {intermediate AK): In a vial were combined fert-butyl 2,2,6,6-
tetradeuterio-4-hydroxy-piperidine-1-carboxylate {100 mg, 0.49 mmol}{Reference: }. of
Labelled Compounds and Radiopharmaceuticals 2018, 61, 1036-1042], triphenyiphosphine {180
mg, 0.68 mmol}, and 2,2,3,3-tetradeuterio-1,4-benzodioxin-6-ol {107 mg, 0.68 mmol} in THF
{2ml}. The vessel was degassed followed by addition of diisopropyl azodicarboxylate {0.13 mi,
0.68 mmeol}. The reaction was heated at 60 °C for 18 h. The reaction was dissolved in 3:1
CHCI:IPA and concentrated with celite. The solid was dry loaded for purification on silica gel {0-
25% FtOAc/Hexanes). The desired fractions were concentrated to afford the title compound

{123 mg}. *H NMR {400 MHz, CDCls) 8 6.75 (d, J = 8.7 Hz, 1H}, 6.45 {d, J = 2.8 Hz, 1H), 6.42 (dd, /
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= 8.8, 2.9 Hz, 1H), 4.31-4.26 {m, 1H), 1.87-1.83 {m, 2H)}, 1.71-1.66 {m, 2H}, 1.45 (s, H}. ES-MS
vi+1]*: 344,
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[00423]  2,2,6,6-Tetradeuterio-4-[{2,2,3,3tetradeuterio-1,4-benzodioxin-6-yiloxyipiperidine
{intermediate AL} In a vial were combined ferf-butyl 2,2,6,6-tetradeuterio-4-[{2,2,3,3-
tetradeuterio-1,4-benzodioxin-S-ylloxy|piperidine-1-carboxylate {123 mg, 0.36 mmoi} and
trifluoroacetic acid {0.5 mi) in dichloromethane {2 mL). The reaction stirred for 1 h and was
cancentrated. The oil was purified by SCX Cartridge {5G), washed with MeQOH, and eluted with
7h NHs/MeOH solution. The solvents were removed to afford the title compound {55 mg). *H
NMR (400 MHz, COCLY S 6.75{d, /= 8.8 Hz, 1H}, 6,46 {d, /1= 2.8 Hz, 1H}, 6.43 {dd, /= 8.8, 2.8 Hz,
HY, 4.24-4.18 {m, 1H), 1.99 {d, /= 3.8 Hz, 1H}, 1.96 {d, J= 3.7 Hz, 1H}, 1.63 {d, /= 8.4 Hz, 1H}
1.60 {d, / = 8.6 Hz, 1H}. ES-MS iM+1]": 244,

OH

Bra
if

Fo GO, Ki e

\u /:\\\\’/E --------3------}&» ™
,/’\ DIF, 156°C

} Pd{OAC),, t-BuXPhos o
' D/\\/D% Cs,C04, Toluene, 110°C t T

A

(004247  Methyl 4-{2-hydrosypropoxy}-3-iedo-benzoate {Intermediate AM: Toa 0°C
solution of 1-bromo-2-propanct {1.04 mL} in DMF {22 mL} was added potassium carbonate
{2.69 mL} and potassium iodide {0.59 g}. After 15 min, methyl 4-hydroxy-3-iodobenzoate {2.44
g} was added and the reaction was heated to reflux. After 12 h, the reaction was cooled o
room temperature and diluted with EtOAc and water. The layers were separated and the
organic laver was washed with water {3 »}, brine (2 x}, dried {(MgSQ4}, and concentrated to

afford the title compound (2.5 g ES-M5 [M+1]*: 337.
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(064257  Methyl 3-methyi-2,3-dihydro-1,4-benzodioxine-6-carboxylate {intermediate AR
i a 250 mi round bottom flask were combined methyl 4-{2-hydroxypropoxyi-3-iodo-benzoate
{2.5 g}, cesium carbonate {4.88 g}, palladium (i1} acetate {0.14 g} and 2-di-tert-butylphosphino-
2,4, 6'-triisopropyibiphenyl {0.47 g). The flask was evacuated and purged with anhydrous
nitrogen {3 x} followed by addition of degassed toluene {18 mbL}). The reaction was sealed and
heated to 110 °C. After 5 h, the reaction was cooled 1o room temperature and the toluene was
concentrated in vacuo. The crude ol was diluted with EtOAc and water. The layers were
separated, and the organic layer was washed with water {3 x}, brine {2 x), dried over MgSQ,,
and concentrated. The crude olf was purified by flash chromatography on silica gel {(-20%
EtOAc/Hexanes) to afford the title compound (0.34 g). 'H NMR {400 MHz, CDCl} 8 7.56-7.53
{m, 2H}, 6.92-6.86 {m, 1H}, 4.36-4.22 {m, 2H} 3.89-3.82 {m, 1H} 3.86 {5, 3H}, 1.37 {d, J = 6.5 Hz,
3H). ES-MS [M+1]": 209,
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[00426]  {3-methyi-2,3-dihydro-1,4-benzodioxin-é-yiimethano! {intermediate AQ): Toa 0 °C
suspension of lithium aluminum hydride {3.01 mb, T M} in THF {1.2 mL} was added methyi 3-
methyl-2,3-dihydro-1,4-benzodioxine-6-carboxylate (200 mg) in THF {1.2 mL}). The ice bath was
removed and after 1 h at room temperature, the reaction was cooled to 0 °C and guenched
with water {40 ul) and 10% NaOH agueous solution {0.37 mL}). After 10 min at 0 °C, the
suspension was filtered, and the filtrate was concentrated in vacuo. The crude residue was
purified by flash chromatography on silica gel {0-50% E1OAc/Hexanes) and the desired fractions

were concentrated to afford the title compound 148 mg. ES-MS [M+1]%: 182,

[00427] 3-methyl-2,3-dihydre-1,4-benzodioxine-6-carbaldehyde {intermediate AP): Toa
vial containing {3-methyi-2,3-dihydro-1,4-benzodioxin-6-yiimethano! {148 mg} in DCM (2.7 mL)
at 0 °C was added Dess-Martin Periodinane {418 mg). The ice bath was removed and after 18
h, the reaction was diluted with DCM and celite was added. The suspension was concentrated

and then dry leaded for flash chromatography on silica gel (0-40% EtQAc/Hexanas). The
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desired fractions were concentrated to afford the title compound (129 mg}. *H NMR {400 MHz,
CDC) 6 9.82 (s, 1H), 7.41-7.38 {m, 2H)}, 6.89-6.85 {dd, /= 9.1, 5.0 Hz, 1H}, 4.38-4.15 {m, 2H)
3.92-3.82 {m, 1M} 1.37 {d, /= 6.4 Hz, 3H). ES-MS [M+1]7: 179,
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[00428] 3-methyl-2,3-dihydro-1,4-benzodioxin-6-of {iIntermediate AQ): Step . Toa
sotution of 3-methyi-2,3-dihvdro-1,4-benzodioxine-6-carbaldehyde (129 mg} in DCE (1.4 mi)}
was added 3-chloroperoxybenzoic acid {187 mg, <77% CASHO37-14-4; Sigma-Aldrich). The
reaction was heated to 50 °C. After 3 h, the reaction was concentrated in vacuo, EtOAc was
added 1o the residue followed by addition of saturated agueous NaHC03{1.5 mL). The organic
layer was separated, washed with brine, dried over MgSQq, filtered, and concentrated in vacuo.
The crude sample was purified by flash chromatography on silica gel {0-30% EtOAc/Hexanes) to
afford 3-methyl-2,3-dihydrobenzolb][1,4]dioxin-6-yl formate {91 mg). ES-MS [M+1]*: 195,
[00429] Step 2. 3-Methyl-2,3-dihydrobenzo[b][1,4]dioxin-6-vi formate {78 mg)} was dissolved
in methanol {1.4 mL} and potassium carbonate {121 mg) was added. After 45 min, the
methanol was concentrated in vacuo. The residue was diluted with DCM and water. The layers
were separated and the agueous layer was extracted with DCM {2 x} and the combined organic
layers were washed with brine, dried over MgSQ,, filtered, and concentrated to afford the title
compound (71 mgl. *H NMR (400 MHz, CDCl) §6.71{d, /= 8.7 Hz, 1H}, 6.39-6.37 {m, 1H},
6.34-3.30 {m, 1H}, 4.87 {5, 1H}, 4.29-4.21 {m, 1H}, 4.15 {dd, /= 11.2, 2.2 Hz, 1H)}, 3.81-3.74 {m,
1HY, 133 {d, /= 6.5 Hz, 3H); £5-MS [M+1]": 167,

Analviical Separation Example:

1804307 Chiral SFC separation was performed on a Thar {(Waters} Investigator. Column:
Chiral Technologies CHIRALPAKIE, 4.6 x 250 mm, 5 um. Gradient conditions: 5% to 50% MeOH
{MeOH modified with 0.1% DEA} in CO, over 5 min, hold at 50% CO; for 5 min. Flow rate: 3.5
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mbL/min. Column temperature: 40° C. System backpressure: 100 bar. Enantiomer N1:

Enantiomer N2 {1:1}

Preparative Separation Example:

[00431] Chiral SFC separation was performed on a PIC Solution SFC-PICLab PREP 100.
Column: Chiral Technologies CHIRALPAKIE, 20x 250 mm, 5 pm. Conditions: 10% MeOH in

C0s. Flow rate: 80 mi/min. Column temperature: 40° C. System backpressure: 100 bar.

intermediate AS1 {first eluted peak):
Rt = 5.06 min {preparative method}; ES-MS [M+Na]* = 372.0.; 100% ee.

intermediate AS2 (second eluted peak:

Rt = 6.02 min {preparative method; ES-MS [M+Na]" = 372.0; 87.3% ce.

1004327  teri-Butyl 4-{{2,3-dihydrobenzobl]1,4]dioxin-6-vijoxy}-3-methyipiperidine-1-
carboxylate {intermediate AT} To a solution of 2,3-dihydrobenzo[bli1,4ldioxin-6-01 {0.2 g, 1.31
mmol} in THF {10 mi} was added tert-butyl 4-hydroxy-3-methylpiperidine-1-carboxylate {340
mg, 1.58 mmol} and PPhs {641 mg, 2.45 mmol} with stirring at 20 "C under N2 atmosphere.
Then DIAD {389 mg, 1.97 mmol} was added dropwise at 20 °C. The mixture was stirred at 20°C
for 16 hours. The reaction mixture was concentrated to give a residue. The residue was
purified by flash silica gel chromatography {i5C0; 12 g SepaFiash Silica Flash Colun, eluent of 0-
10% Ethyl acetate/ petroleum ether gradient @ 35 mi/min} to afford the desired product (102
mg). 1H NMR (400 MHz, CDCI3) 8 6.77 {d, J = 8.8 Hz, 1H), 6.47 {d, J = 2.4 Hz, 1H), 6.44 {dd, J =
2.8 Hz, 8.8 Hz, 1H), 4.25-4.21 {m, 44}, 3.63-3.58 {m, 2H}, 3.32-3.17 (m, 2H), 1.97-1.92 {m, 2H},
1.47 {s, 9H}, 1.29-1.23 {m, 2H}, 1.00{d, J = 7.2 Hz, 3H).

[00433]  4-{{2,3-dihydrobenzolb][1,4]dioxin-6-ylloxy}-3-methyipiperidine {Intermediate
AT1): To a solution of tert-butyld-{{2,3-dihydrobenzolb}{1,4]dioxin-6-yiloxy}-3-
methylpiperidine-1-carboxylate {102 mg,0.29 mmol} in DCM {10 mL) was added TFA{3.08 g,

27.01 mmol). The mixture was stirred at 20 °Cfor 16 hours. The reaction mixture was
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concentratedio afford 4-{{2,3-dihydrobenzofb][1,4idioxin-6-ylioxy}-3-methyipiperidine as the

2,2, 2-trifluoro acetate salt {98 mgl.

HO_ O D PPTS, DCM
Ry o ! ) O OB
TG - G PR s
(G O = o {jD
AU

[00434] 2,2,3,3-Tetradeuterio-§-tetrahydropyran-2-yioxy-1,4-benzodioxine {Intermediate
AU To a solution of 2,2,3,3-tetradeuterio-1,4-benzodioxin-6-0f {2.0 g} and pyridinium tosylate
{48 mg} in DCM {32 mL) was added 3,4-dihydro-2H-pyran {1.8 mL). The reaction stirred at room
termnperature for 3 h. The reaction was diluted with DCM and washed with 5% NaCH

solution. The organic layer was dried {Mg&0,}, filtered, and concentrated. The crude oil was
purified by flash chromatography on silica gel {3-30% EtQAc/Hexanes} to afford the title
compound {2.61 g}, TH NMR {400 MHz, CDClI 8 6.75{d, /= 8.9 Hz, 1H), 6.62 {d, /= 2.8 Hz, 1H},
6.54 {dd, /= 8.8, 2.8, 1H)}, 5.26{, /= 3.4, 1H}, 3.95-3.89 {i, 1H}, 3.60-3.55 {m, 1H}, 2.01-1.91
{my, 1M}, 1.84-1.80C {m, 2H)}, 1.67-1.57 {m, 3H}; ES-MS5 [M+1]": 241,

O o -Buli D
© Z 0 DD CBraky DD

[00435] 5-Bromo-2,2,3,3-tetradeuterio-&-tetrahydropyran-2-yioxy-1,4-benzodioxine
{intermediate AV): To a solution of 2,2,3,3-tetradeuterio-6-tetrahydropyran-2-yioxy-1,4-
benzodioxine {1500 mg} in THF {62 mL} at -50 °C was added dropwise n-butyllithium {7.49 mi,
2.50 in hexanes} and the reaction stirred at -50 °C for 2 h followed by slow addition of 1,2-
dibromotetrafiuoroethane {3.72 mL). The mixture stirred for 1 h and then the cooling bath was
removed. Al room temperature, the reaction was quenched with water and extracted with
ethyl acetate {3x}. The combined organic layers were dried (MgSQua}, filtered, and

concentrated. The crude oil was purified by flash chromatography on silica gel {0-15%



WO 2022/015988 PCT/US2021/041836

EtOAc/Hexanes) to afford the title compound {1.63 g); *H NMR (400 MHz, CDCL) 8 6.77{d, /=
9.1 Hz, 1H)}, 6.69 {d, 7= 9.1 Hz, 1H), 5.37 {1, J = 2.9 Hz, 1H), 3.98-3.92 {m, 1H}, 3.62-3.57 {m, 1H),
2.13-1.97 {m, 1H), 1.95-1.85 {m, 1H), 1.85-1.82 {m, 1H}, 1.71-1.59 {m, 3H}; ES-MS [M+Nal":

341.
Br By
G o b HO O
TG e — LK
D L
© 07 Np O p
AW

[00436] 5-Bromo-2,2,3,3-tetradeuterio-1,4-benzodioxin-6-ol {intermediate AW} In a vial
were combined 5-bromo-2,2,3,3-tetradeuterio-6-tetrahydropyran-2-yvlioxy-1,4-benzodioxine
{1632 mg), THF {50 mL}, and IN hydrochioric acid {30 mL). The reaction stirred at room
temperature for 1 h. The reaction was diluted with EtOAc and the layers were separated. The
agueous layer was extracted with EtOAc {2x}, and the combined organic layers were washed
with brine, dried (MgSQ4}, filtered, and concentrated. The crude oif was purified by flash
chromatography on silica gel (0-20% FtOAc/Hexanes) to afford the title compound {1.10 g). *H
NIMR (400 MHz, COCY & 6.77 {d, /= 8.9 Hz, 1H)}, 6.55 {d, J = 8.9 Hz, 1H}, 5.19 {5, 1H}; ES-MS
IM+E 1Y 235,

e /,O Br O O

S HOL Ay O DD KoC03 TBAC, i g D
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(004377 tert-Butyl 4-[{3-bromo-2,2,3,3-tetradeuterio-1,4-benzodioxin-6-vijoxypiperidine-
I-carbonylate {Intermediate AX}): In a round bottom flask were combined tert-butyl 4-
methylsulfonyloxypiperidine-1-carboxyiate {2.6 g}, 5-bromo-2,2,3,3-tetradeuterio-~1,4-
benzodioxin-6-ol {1.1 g}, potassium carbonate {1.97 g}, and tetrabutylammonium chioride (0.26
g} in water {17 mb) and DMF {0.9 mL}). The reaction was heated to 100 °C. After 18 hy, the

reaction was cooled, diluted with EtOAc and washed with water {3x}, brine {Zx} and the organic
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layer was dried {MgSQa), filtered and concentrated. The crude oil was purified by flash
chromatography on silica gel {0-40% FtOAc/Hexanes) to afford the title compound {1.18 g}. *H
NMR {400 MHz, CDCl) 8 6.76 {d, /= 9.1 Hz, 1H), 6.47 (d, J = 8.9 Hz, 1H), 4.40-4.38 {m, 1H), 3.6&-
3.62 {m, 2H}, 3.41-3.38 {m, 2H)}, 1.82-1.81 {m, 4H}, 1.45 {s, 9H).

Br
O o, B | O 0. 0B
,/;( LD . o’B\o Pa{dppfiCl, Ca,C0s, /ﬁf \i &)
O N S P O N~ o D
>‘|/ hid 0" BB Y S
O i

~ N o RO
Dioxane, 80°C &

[00438] tert-Butyl 4-[{2,2,3,3-tetradeuterio-5-methyl-1,4-benzodioxin-&-yijoxy] piperidine-
1-carboxylate {intermediate AY): In a vial were combined tert-butyl 4-[{5-bromo-2,2,3,3-
tetradeuterio-1,4-benzodioxin-6-ylloxy|piperidine-~-I-carboxylate {100 mg), cesium carbonate
{233 mg}, [1,1'-bis{diphenyliphosphinolferroceneldichloropaliadium{li} {26 mg)}, and 2,4,6-
trimethylboroxine {0.2 mL; 50% w/w solution in THF) and the solids were degassed {3x)
followed by addition of 1,4-dioxane {2.3 mL). The reaction was heated to 80 °C. After 2 h, the
reaction was filtered through a pad of Celite and rinsed thoroughly with EtCA¢/DCM. The
filtrate was concentrated and purified by flash chromatography on silica gel {0-40%

EtDAc/Hexanes) to afford the title compound {46 mg). ES-MS [M+1]": 354,

D
o, D
o [, |
N HN .~ L o DD
AZ

1004397  4-{{2,2,3,3-Tetradeuterio-53-methyl-1,4-benzodioxin-6-yljoxyipiperidine

{intermediate AZ}: In a vial were combined tert-butyl 4-[{2,2.3,3-tetradeuterio-5-methyi-1,4-
henzodioxin-6-yloxylpiperidine-1-carboxylate {46 mg), trifluorcacetic acid {0.2 mL}, and DCM
{2 mL}. The reaction stirred 1 h at rt and was concentrated. The crude residue was loaded onto
an SCX cartridge {strong cation exchanger; Agilent part# 14256027} in MeOH and washed with
MeOH, then eluted with 7N NH3/MeOH solution. Solvents were removed in vacuo 1o afford the

title compound {28 mg). *H NMR {400 MHz, CDClz) § 6.62 {d, /= 8.9 Hz, 1H}, 6.41 {d, /= 8.9 Hz,
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1H), 4.21-4.15 {m, 1H), 3.15-3.09 {m, 2H}, 2.73-2.66 {m, 2H), 2.09 (s, 3H), 1.99-1.94 {m, 2H),
1.71-1.62 {m, 2H}; ES-MS [M+1]*: 254,

F 2 3
) e O -0
0”7 CHCl, 0°C Sy B g

BA

804407 6-Bromo-3-fluore-2,3-dihydro-1,4-benzodiowine {Intermediate BAh: Toa 0°C
solution of 5-fluoro-2,3-dihydro-1,4-benzodioxine {800 mg) and sodium acetate {727 mgl in
chioroform {9.7 ml) was added bromine {0.3 mL}. The ice bath was removed and after 2 h at rt,
the reaction was treated with agueous saturated Na$S;Gs selution, extracted with DCM {3x],
passed through a phase separator and concentrated. The crude oll was purified by Hlash
chromatography on silica gel (0-35% EtOAc/Hexanes) to afford the title compound as a 3:1
mixture of regicisomers {1.16 gl. Major regicisomer {Intermediate BA): *H NMR {400 MHz,
COCh) 6, 6.95 {dd, S = 8.9, 6.9 Hz, 1H),, 6.58 {dd, J = 8.9, 2.0 Hz, 1H), 4.32-4.30 {m, 2H), 4.28-
4.26 {rn, 2H).

& -0 F
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064417  2-{5-Fluore-2,3-dihydro-1,4-benzodioxin-8-vi}-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane {Intermediate BB} To a vial were added 6-bromo-5-fluore-2,3-dihydro-1,4-
henzodioxine {715 mg), dichloroi1,1-bis{diphenvyiphosphinoiferrocene]palladium{il}
dichloromethane adduct {126 mg), potassium acetate {903 mg}, and bis{pinacolatoidiboron
{335 mg} in DMF {21 mi}. After the reaction was degassed {3x}, the reaction was heated to 90

°C for 18 h. The reaction was cooled, diluted with EtOAc, filtered through Celite and the filtrate
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was washed with water {3x}, brine {2x}, dried {MgSQ4), filtered, and concentrated. The crude
oil was purified by flash chromatography on silica gel {0-40% EtOAc/Hexanes) to afford the title
compound (575 mg); ES-MS [M+1]: 281,

F
Wiﬁ) S
THF, 0°C e)
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(004427 5-Fluors-2,3-dihydro-1,4-benzodioxin-6-o! {Intermediate BC): To a solution of 2-{5-
fluoro-2,3-dihydro-1,4-benzodioxin-6-vl}-4,4,5, 5-tetramethyi-1,3,2-dioxaborolane {575 mg} in a
mixture of 1N sodium hydroxide solution (6.1 ml) and THF {7.9 mL} at 0 °C was added hydrogen
peroxide {3.19 mi, 30% w/w). The reaction stirred at room temperature for 1 h. The pH was
adjusted to 3 with 1M HC solution. The agueous layer was extracted with EtOAc (3%} and the
organic layers were washed with water, brine, dried {MgS04), filtered and concentrated. The
crude residue was purified by flash chromatography on silica gel {0-40% EtOAc/Hexanes) to

afford the title compound {124 mg}; ES-MS [M+1]7: 171,

Water/DMF, 100°C /
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[00443] tert-Butyl &-[{5-fluoro-2,3-dihydro-1,4-benzodioxin-6-yiloxyipiperidine-1-
carboxylate {Intermediate BD}: To a vial were added tert-butyl &-methylsulfonyloxy-
piperidine-I-carboxylate (407 mg), 5-fluoro-2,3-dihydro-1,4-benzodioxin-6-ol {124 mg},
potassium carbonate {306 mg} and tetrabutylammonium chioride {41 mg) in water {2.3 ml} and
DMF{0.1 mb). The vial was sealed and heated to 100 °C for 18 k. The reaction was cosled,
diluted with Et0Ac and washed with water, saturated NaHCO: {2x}, brine {2x) and the organic

layer was dried {MgSQa}, filtered and concentrated. The crude oll was purified by flash

— 100 —
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chromatography on silica gel {0-40% EtOAc/Hexanes) to afford the title compound {176 mg). H
NMR {400 MHz, COCLI 8656 {dd, J=9.1, 1.9 Hz, 1H), 648 (dd, /= 9.1, 7.8 Hz, 1H), 4.31-4.28
{m, 2H), 4.26-4.23 {m, 2H), 3.77-3.71 {m, 2H), 3.29-3.23 {m, 2H), 1.91-1.85 {m, 2H}, 1.77-1.69
{m, 2H), 1.46 {s, 9H); ES-MS [M+1]*: 354,

TFA, DCM O\Ti/ SN
TFA'HN NP

BE

b

004447  4-{{5-fluoro-2,3-dihydrobenzo[bl{1,4]dioxin-5-yloxyipiperidin-1-ium 2,2,2-
trifluoroacetate {intermediate BE}: To a vial were added tert-butyl 4-[{5-fluore-2,3-dihydro-1,4-
benzodioxin-6-yvijoxy]piperidine-1-carboxylate {176 mg), trifluoroacetic acid {0.5 ml), and DCM
{2.5 ml). After 1 h atrt, the reaction was concentrated in vocug, and co-evaporated with DCM
{2x} to afford the title compound {202 mg). 'H NMR {400 MHz, MeOD} § 6.63 {dd, /=9.1,7.8
Hz, 1H), 6.58 {dd, J = 9.2, 1.6 Hz, 1H), 4.48-4 .44 {m, 1H), 4.28-4.26 {m, 2H), 4.23-4.21 {m, 2H},
3.44-3.37 {m, 2H), 3.22-3.17 {m, 2H), 2.14-2.05 {m, 2H), 2.04-1.97 {m, 2H); ES-MS [M+1]": 254.
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(084451 2,2,3,3-Tetradeuterio-5-fluora-1,4-benzodioxine {intermediate BF}: To a solution
of 3-fluorocatechol (2.0 g} in acetone {52 mL} were added potassium carbonate {6.6 g},
followed by 1,2-dibromoethane-D4 {1.43mL}. The reaction was heated at 60 °Cfor 18 h. The
reaction was filtered over Celite and the filtrate was concentrated. The crude residue was
purified by flash chromatography on silica gel {0-40% E10Ac/Hexanes) to afford the title
compound {1.54 g}. TH NMR (400 MHz, CDCL) 8§ 6.76-6.70 {m, 1H}, 6.69-6.64 {im, 2H}.

— 101 —
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BG

08446 &-Bromo-2,2,3,3-tetradeuterio-5-fluore-1,4-benzodioxine {intermediate BGh: To s
solution of 2,2,3,3-tetradeuterio-5-fluoro-1,4-benzodioxine {500 mg} and sodium acetate {384
mg} in chloroform (5.3 mL} at 0 °C was added dropwise bromine {162 ul). The ice bath was
removed and the reaction stirred at ri for 2 h. The reaction was treated with saturated NaS$;0s,
extracted with DCM {3x}, passed through a phase separator, and concentrated. The crude
residue was purified by flash chromatography on silica gel {0-20% EtQAc/Hexanes) to afford the
title compound {660 mg; 3:1 mixture of regicisomers). Major regioisomer {intermediate BG):

IH NMR (400 MHz, CDCh) 6 6.96 {dd, / = 9.0, 7.0 Hz, 1H), 6.59 {dd, S = 9.0, 2.0, 1H).

£ O I O F
Bis O D00 O KOAC, DMF, 80°C 4 o, D
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004471 4,4,5,5-Tetramethyl-2-{2,2,3,3-tetradeuterio-5-fluoro-1,4-benzodioxin-6-vi}-1,3,2-
dioxaborolane {intermediate BH): To a vial were added bis{pinacolatoldiboron {848 mg}, 6-
bromo-2,2,3,3-tetradeuterio-5-fluoro-1,4-benzodioxine (660 mg}, dichloro[1,1'-
bis{diphenyiphosphinol-ferrocene]palladium{ll} dichloromethane adduct {114 mg), and
potassium acetate {820 mg) in DMF {9.3 mL}. After the reaction was degassed, the reaction was
heated to 90 °C for 18 h. The reaction was allowed to cool to room temperature and diluted
with FtOAc, filtered through Celite and the filtrate was washed with water {3x}, brine {2x}, dried
{(Mg5Q,), filtered, and concentrated. The crude residue was purified by flash chromatography
on silica gel {0-40% EtOAc/Hexanes) to afford the title compound {494 mg). 'H NMR {400 MHz,
COCh) 6 7.16 {dd, J = 8.4, 6.1 Hz, 1H), 6.64 {dd, S = 8.3, 1.4 Hz, 1H), 1.33 {s, 12H); ES-MS5 [M+1]":
285,
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[006448] 2,2,3.3-Tetradeuterio-5-fluoro-1,4-benzodioxin-&-ol {intermediate Bi): To a solution
of 4,4,5,5-tetramethyl-2-{2,2,3, 3-tetradeuterio-5-fluoro-1,4-benzodioxin-6-yi}-1,3,2~
dioxaborolane {494 mg) in a mixture of sodium hydroxide solution (5.2 mL, 1M} and THF (6.7
mb} at 0 °C was added hydrogen peroxide {160 ul, 30% w/w}. After the reaction stirred at
room temperature for 1 h, the pH was adjusted to 3 with 1M HO aqueous solution. The
aqueous layer was extracted with EYOAc {3x} and the combined organic layers were washed
with water, brine, dried {MgSQC.}, filtered, and concentrated. The crude residue was purified by
flash chromatography on silica gel {0-40% EtDAc/Hexanes} to afford the title compound {116
mgl. 'H NMR (400 MHz, CDCI} 6 6.55 {dd, /=91, 2.1 Hz, 1H), 6.47 (1, /= 8.8 Hz, 1H), 4.27 {s,
1H); ES-MS [M+1]%: 175,
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(00449 tert-Butyl 4-[{2,2,3,3tetradeuterio-5-fluore-1,4-benzodioxin-6-yiioxyipiperidine-1-
carboxylate {intermediate 81} To a vial were added tert-butyl 4-methyisulfonyloxypiperidine-
I-carboxylate {369 mg), 2,2,3,3-tetradeuterio-5-fluoro-1,4-benzodioxin-6-0l {115 mg},
potassium carbonate {278 mg}, and tetrabutylammonium chleride {37 mg) in water {2.0 mL)
and DMF {0.1 mbL). The vial was sealed and heated at 100 °C for 18 h. The reaction was cooled,
diluted with FtOAc and washed with water, saturated NaHCGs: solution, brine (2%}, and the
organic layer was dried {Mg804}, filtered, and concentrated. The crude residue was purified by
flash chromatography on silica gel {0-40% EtDAc/Hexanes) to afford the title compound {124
mg). TH NMR (400 MHz, CDChL) 8 6.56 {dd, /= 9.1, 1.9 Hz, 1H), 6.50 {dd, /= 9.1, 7.9 Hz, 1H), 4.25
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{m, 1H), 3.77-3.71 {m, 2H), 3.29-3.23 {m, 2H), 1.91-1.85 {m, 2H}, 1.78-1.70 {m, 2H}, 1.47 {s, OH);
ES-MS IM+1]": 358,
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(004507 4-[{2,2,3,3-Tetradeuterio-5-fluore-1,4-benzodioxin-6-yiloxy]piperidine; 2,2,2-
trifluoroacetic acid {intermediate BK): To a vial were added terf-butyl 4-{{5-fiucro-2,3-dihydro-
1.4-benrodioxin-6-yiloxy|piperidine-1-carboxylate {124 mg), trifluoroacetic acid (8.3 ml), and
DCM {1.7 mL}). After 1 h at rt, the reaction was concentrated in vocuo, and co-evaporated with
with DCM (2x) to afford the title compound {158 mg). *H NMR {400 MHz, CD:0D} 6§ 6.63 {dd, /=
9.1, 7.8 Hz, 1H), 6.58 (dd, S = 9.2, 1.6 Hz, 1H), 4.49-4.44 {m, 1H), 3.43-3.37 {m, 2H), 3.22-3.17 {m,
2HY, 2.13-1.98 {m, 4H); ES-MS [M+171: 258,

[00451] tfert-Butyl 4-deuterio-4-hydroxy-piperidine-i-carboxylate {intermediate BL}: Toa D
°C solution of I-tert-butyi-4-piperidone {10 g, 56 mmel} in methanol {256 ml} was added
sodium borodeuteride (3.2 mL, 100 mmoll. The resulting mixture was stirred for 4 h at room
temperature. The reaction was guenched with saturated NHaCl {ag) and extracted with EtOAc
{3x}. The combined arganic layers were dried {MgSQ4}, filtered, and concentrated to afford the
title compound 10 g (89%). TH NMR {400 MHz, CDChY S 3.85(d, J = 12.4 Hz, 2H), 3.06-3.00 {m,
2H), 1.87-1.82 {m, 2H), 1.48-1.42 {rm, 2H), 1.46 {s, 9H).

— 104 —



WO 2022/015988 PCT/US2021/041836

0
KYOH TosCl, DMAP j,o\S e
F——— i
O N Byridine 0. N 00
ﬁ/ i yridine }/ N
o o
B

M

1004521 tert-Butyl 4-deuterio-&-{p-tolylsulfonyloxy)piperidine-1-carboxylate {intermediate
BM}: To a suspension of tert-butyl-4-deuterio-4-hydroxy-piperidine-1-carboxyiate {10 g) and 4-
dimethyl-aminopyridine {0.6 g} in pyridine {45 mL} was added tosyl chloride {11.8 g}. The
mixture stirred at room temperature for 18 h. The reaction was quenched with saturated
NaHCOs solution and extracted with E1GAc (2x}. The combined organic layers were washed with
water {2x}, brine {2x), dried {Mg804}, filtered, and concentrated. The crude oil was purified by
normal phase column chromatography {0-20% EXCAc/Hexanes). After removal of solvent, the
desired compound was obtained 14.3g (81%). *H NMR {400 MHz, CDCl} 6 7.79(d, J= 8.4 Hz,
3HY, 7.34{d, J= 8.0 Hz, 2H), 3.61-3.55 {m, 2H), 3.28-3.22 {m, 2H}, 2.45 {5, 3H}, 1.79-1.73 {m, 2H},
1.70~1.64 {m, 2H}, 1.43 (s, 9H}. ES-MS [M+Nal*": 379,

7
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[00453] 4-Deuterio-4-[{2,2,3,3-tetradeuterio-1,4-benzodioxin-&-yl}oxyipiperidine

BN

{intermediate BN}): To a round bottom flask were added 2,2,3,3-tetradeuterio-1,4-benzodioxin-
6-0i {1.0 g, 6.7 mmaol), fert-butyl 4-deuterio-4-{p-tolyisulfonvioxylpiperidine-1-carboxyiate (2.0
g, 5.6 mmol}, potassium carbonate {2.4 g, 16.8 mmol}, and tetrabutylammonium chioride {8.31
g, 1.1 mmol} in water {25 ml) and DMF {1.3mL}. The reaction was heated at reflux for 18

h. The reaction was diluted with 3:1 CHCRL/IPA and the layers were separated. The aqueous
was extracted with 3:1 CHCI/IPA {2x) and the combined organic layers were washed with

water, brine, then dried {(MgS04), filtered, and concentrated. The crude ol was purified by
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normal phase column chromatography {0-20% EtCAc/Hexanes). After the removal of solvent,
the oil was dissolved in DCM {2 mL) followed by addition of trifluorcacetic acid (2.1 mi, 28
mmol}. After 1 h, the solvents were removed in vacuo. The residue was dissolved in MeOH and
loaded onto SCX Cartridge. The cartridge was rinsed with MeOH and 7N NHs/MeQOH

solution. The solvents were removed to afford the title compound 725 mg (53%). *H NMR {400
MHz, CDCEY S 6.751(d, /= 8.7, 1H}, 6.45{d, /= 2.8, 1H}, 6.41 {dd, /= 88, 2.9 Hz, 1H)}, 3.21-3.15
{m, 2H}, 2.87-2.81 {m, 2H)}, 2.07-2.00 {m, 2H}, 1.78-1.72 {m, 2H}. ES-MS [M+1]": 241,

Yes, ‘\GH
o A :
D > 0 0D
- = O N~
= Qf\DD DIAD, PPhy, THF h/ N 07D
o

BO

(00454}  teri-butyl {2R,45)-4-{{2,3-Dihydrobenzo{bl[1,.4]diokin-6-vi-2,2,3,3-dsjoxy}-2-
methyipiperidine-1-carboxylate {Intermediate BO}: To a mixture of 2,3~
dihydrobenzolb]]1,4]dioxin-2,2,3,3-ds-6-01 {5 g, 32.02 mmol}, (2R 4R} -tert-butyl 4-hydroxy-2-
methyipiperidine-1-carboxylate {6.89 g} and PPh; {10.93 g} in THF {100 mL} was added slowly
DIAD {8.1 mi} at 20 °C and the reaction was stirred at 20 °C for 16 hours. The reaction was
concentrated and the residue was purified by Combi Flash {silica gel, from 0 to 30%, ethyl
acetate in petroleum ether} to give tert-butyl {2R,451-4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yi-
2,2,3,3-dJoxy}-2-methyipiperidine-1-carboxylate (3.7 g). 'H NMR {400MHz, CDCLY 8 6.77 {d, J =
8.8 Hz, 1H), 6.46 {5, 1H), 6.42 {dd, /= 8.8 Hz, 1.6 Hz, 1H), 4.61 - 4.46 {m, 1H), 4.41 - 4.31 {m, 1H),
4.13 - 4.06 {m, 1H), 2.96 - 2.89 {m, 1H), 2.14 - 2.04 {m, 1H), 2.01 - 1.90 {m, 1H}, 1.74-1.64 (m,
1H), 1.52-1.42 {3, 10H), 1.19 {d, J = 7.2 Hz, 3H).
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(004557 {2R.45}1-4-{{2,3-Dihydrobenzolbi[1,4]dioxin-6-y1-2,2,3,3-d Joxy}l-2-methyipiperidine
{intermediate BB To a solution of tert-butyl (2R, 45}-4-{{2,3-dihvydrobenzolb][1,4]dioxin-6-yi-
2,2,3,3-dsoxy}-2-methylpiperidine-1-carboxylate (3.7 g} in DCM {20 mL) was added TFA {4 mL)
and the reaction was stirred at 20 °C for 3 hours. The reaction was guenched with sat. ag.
Na;COs 1o pH 89 at § °C and extracted with DCM {20 ml x 2}. The combined organic ayers
were washed with brine {20 mi}, dried over Na;S50s and concentrated to give {28,45)-4-{{2,3-
dihydrobenzo{b][1,4idioxin-6-y1-2,2,3,3-d,Joxy}-2~-methyipiperidine {2.6 g, crude}. ES-MS
IM+1]T 254.2.

Y
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[0G456]  9-Bromo-7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-yl)oxylpiperidin-1-yi}-&-methyi-
4H-pyrimidol1,2-blpyridazin-d-one {Intermediate BQ}: To a solution of 8-bromo-7-chloro-8-
methyl-dH-pyrimido[1,2-bipyridazin-4-one {2.27 g} in DMF {30 mL)} was added 4-{{2,3-
dihydrobenzolh]|1,4]dioxin-6-ylioxylpiperidine (1.98 g} and K:C0: {1.14 g}. The mixture was
stirred at 25 °C for 16 hours. The reaction mixture was concentrated and the residue was
purified by flash silica gel chromatography {ISC0O®; 220 g SepaFlash® Silica Flash Column, Eluent
of 0~100% Ethyl acetate/Petroleum ether gradient @ 100 mb/min} to afford $-bromo-7-{4-
{(2,3-dihydrobenzob]{1,4]dioxin-6-yiloxy)piperidin-1-y[}-8-methyl-4H-pyrimido[1,2-6]pyridazin-
4-one {750 mg). H NMR {400 MHz, CDCl:) 6 8.22 {d, J = 6.4 Hz, 1H}, 6.79 {d, J = 8.8 Hz, 1H), 6.60
{d, /=6.0Hz, 1H), 6.51 - 5.44 {m, ZH), 4.43 - 4.39 {m, 1H), 4.28 - 4.20 {m, 4H}, 3.64 - 3.54 {m,
2H), 3.30- 3.20 {m, 2H), 2.56 (s, 3H}, 2.20 - 2.09 {rmn, 2H), 2.04 - 1.93 {m, 2H).

b. Exemplified compounds of the invention

Exampile 1. 7-{4-{{2,3-Dihydrobenzofb][1,4]dioxin-6-yl-2,2,3,3-d4}oxyipiperidin-1-yi}-8-

— 107 —



WO 2022/015988 PCT/US2021/041836

methyl-4H-pyrimidol1, 2-blpyridazin-4-one {Compound 1}
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+=BuOH, 120 °C

5 N7 TN
Compound 1

[00457]1  To a solution of 7-chloro-&-methyl-pyrimidol1,2-blpyridazin-d-one {15 mg,} in ¢-
butanol {1 mi) was added N, N-diisopropylethylamine {67 ul) and 3-(1,3-dimethvlpyrazol-4-yi}-
5,6,7.8-tetrahydro-1,6-naphthyridine dihydrochioride (28 mgl. The reaction mixture was
heated to 120 °C for 18 hours. The crude product was dissobved in DMSO {1 mL} and purified by
reverse-phase chromatography using Gilson HPLC {30 x 100 mm column, 10 - 55% ACN/ 0.05%
aqueous NHaOH, 8 min run}. Fractions containing product were concentrated to give the title

compeound as a solid 15 mg.

[00458]  'H NMR {400 MHz, DMSO) 6 8.11{d, /= 6.3 Hz, 1H), 7.74 {q, J = 1.2 Hz, 1H), 6.76 {d, J
= 8.8 Hz, 1H), 6.54 {d, J = 2.8 Hz, 1H), 6.49 {dd, /= 8.8, 2.9 Hz, 1H}, 6.40 {d, /= 6.3 Hz, 1H), 4.50
{hept, J = 3.8 Hz, 1H), 3.64 - 3.46 (m, 2H), 3.21 - 3.10 {m, 2H), 2.42 {d, = 1.2 Hz, 3H}, 2.10~
2.01 {m, 2H), 1.84 — 1.71 {m, 2H). £5-MS [M+1]*: 399

Example 2. 7-{4-{{2,3-Dihydrobenzofbl[1,4]dioxin-6-vl-2,2,3,3-d4)oxyipiperidin-1-yi}-8,9-
dimethyl-4H-pyrimidof1,2-blpyridazin-4-one {Compound 2}

SRSE:s: YOO
- HN. - 0 O B
i RNV ~~ /i N a x DD
N £-BUCH, 120 °C N
Compound 2

[00459]  To a solution of 7-chloro-8,9-dimethyl-pyrimido[1, 2-b]pyridazin-4-one {10 mg) and

4-1{2,2,3,3-tetradeuterio-1,4-henzodioxin-6-yiloxy]piperidine {17 mg) in t-butanol {3 mL} was
added M N-diisopropylethylamine {42 yl). The mixture was heated to 120 °Cfor 18 hours. The

solvent was removed and the crude product was dissolved in DMSO (2 mL} and purified by
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reverse-phase chromatography using Gilson HPLC {30 x 100 mm column, 25 - 80% ACN/ 0.05%
agueous NHaOH, 8 min run}. Fractions containing product were concentrated to give the title
compound as a solid {11 mg; 53% vield). H NMR {400 MHz, CDCL 8 8.15{d, /= 6.3 Hz, 1H},
6.78{d, J=8.7 Hz, 1H}, 6.535{d, / = 6.3 Hz, 1H}, 6.49{d, /= 2.8 Hz, 1H}, 6.45 {dd, J = 8.7, 2.9 Hz,
1H), 4.38 {hept, S = 3.7 Hz, 1H}, 3.61 - 3.46 {m, 2H}, 3.24 - 3.14 {m, 2H)}, 2.53 {d, / = 0.5 Hz, 3H},
2.37{d, /= 0.5 Hz, 3H}, 2.19-2.08 {im, 2H}, 2.02 - 190 {m, 2H}. ES-MS [M+1]*: 413,

Example 3. 7-{4-{{2,3-Dihydrobenzo[bll1,4]dioxin-6-y1-2,2,3,3-d4)oxyipiperidin-i-yi}-2,8-
dimethyl-4H-pyrimidol1,2-bipyridazin-4-one {Compound 3}

, B
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N
I N +BUOH, 120 °C N

M@ Compound 3

[00460] To a solution of 7-chioro-2,8-dimethyl-pyrimido[1,2-bipyridazin-d-one {15 mg} and
4-1{2,2,3,3-tetradeuterio-1,4-henzodioxin-6-yi}oxy| piperidine {26 mg} t-butanoc! {1 mL) was
added N N-diisopropylethylamine {62 ul}. The mixture was heated to 120 °C for 18 hours then
cooled to room temperature and concentrated. The crude product was dissolved in DMSO (2
mL} and purified by reverse-phase chromatography using Gilson HPLC {30 x 100 mym column, 15
- 55% ACN/ 0.05% agueous NH4,OH, 8 min run). Fractions containing product were concentrated
to give the title compeound as a solid {14 mg; 47 % vield). "H NMR {400 MHz, CDCL) 8§ 7.44 (g, /
=1.0Hz, 1K}, 6.78{d, S =87 Hz, 1H}, 6,48 {d, /= 2.8 Hz, 1K)}, 6.45 {dd, j = 8.7, 2.9 Hz, 1H}, 6.42
{s, 1H}, 4.39 (hept, / = 3.5 Hz, 1H}, 3.66 - 3.55 {m, 2H}, 3.30-3.19{m, 2H}, 243 {d, /= 1.2 Hz,
3H), 2.39 (5, 3H}, 2.17 - 2.03 {m, 2H}, 2.03 - 1.89 {m, ZH}. ES-MS IM+1]": 413,

Example 4. 7-{4-{{2,3-Dihydrobenzofb][1,4]dioxin-6-y1-2,2,3,3-d4}oxylpiperidin-i-vi}-2,3,8-
trimethyl-4H-pyrimido[1,2-bipyridazin-4-one {Compound 4}
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1004611 To a solution of 7-chiore-2,3,8-trimethyl-pyrimido[1,2-bipyridazin-d-one {10 mg} and

4-[{2,2,3,3tetradeuterio~-1,4-benzodioxin-G-yiloxy|piperidine {16 mg} in &-butanoi {1 mL} was
added N,N-diisopropylethylamine {40 ul). The mixture was heated to 120 °C for 18 hours then
cooled to room temperature and concentrated. The crude product was dissolved in DMSO {2
mL} and purified by reverse-phase chromatography using Gilson HPLC {30 > 100 mm column, 20
- 60O ACN/ 0.05% agueous NHsOH, 8 min run}. Fractions containing product were concentrated
to give the title compound as a solid {11 mg; 56% vield). *H NMR {400 MHz, CDCL} 8 7.40{g, /=
1.2Hz, AH), 6,78 {d, /= 8.7 Hz, 1H)}, 6.49 {d, /= 2.8 Hz, 1H}, 6.45 {dd, 1 = 8.7, 2.8 Hz, 1H}, 4.38
{hept, /= 3.6 Hz, 1H}, 3.65 - 3.55 {m, 2H), 3.29 - 3.18 {m, 2H}, 2.42 {5, 3H), 2.40 {d, /= 1.2 Hz,
3HY, 2.23 (s, 3H}, 2.18 - 2.07 {m, 2H), 2.01 — 1.88 {m, 2H}. ES-MS [M+1]*: 427,

Example 5. 7-{4-{{2,3-Dihydrobenzofb][1,4]dioxin-6-y1-2,2,3,3-d4)oxy)piperidin-1-yi}-2,8,9-
trimethyl-4H-pyrimido[1,2-blpyridazin-d-one {Compound 5}

\@ SRV ::::: \L *r fj ﬁ

£BUOH, 120 °C Compound 5

[00462] To a solution of 7-Chlore-2,8,9-trimethyi-pyrimidei1,2-b]pyridazin-4-one {10 mg}
and 4-[{2,2,3,3-tetradeuterio-1,4-banzodioxin-6-yijoxy]piperidine {16 mg) in t-butanol {1 mi}

was added N N-diisopropylethylamine {40 uyb}. The mixture was heated to 120 °C for 18 hours.
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Additional N, N-diisopropylethylamine {40 ul) and 4-{{2,2,3,3-tetradeuterio-1,4-benzodioxin-6-
viloxy]piperidine {16 mg} were added and the reaction was stirred for an additional 18 hours at
120 °C. The solvent was removed and the crude product was dissolved in DMSO {2 ml) and
purified by reverse-phase chromatography using Gilson HPLC {30 » 100 mm column, 30 - 70%
ACN/ 0.05% agueous NHaOH, 8 min run). Fractions containing product were concentrated to
give the title compound as a solid {12 mg; 61% vield). 'H NMR {400 NMHz, CDCLI 6 6.78{d, /=
8.7 Hz, 1H}, 6459 {d, f= 2.8 Hz, 1H}, 6.45 {dd, /= 8.7, 2.9 Hz, 1H}, 6.42 {5, 1H}, 4.37 thept, J = 3.7
Hz, 1H}, 3.59 - 3.47 {m, 2H}, 3.22 - 3.12 {m, 2H}, 2.53 {s, 3H}, 2.42 {5, 3H)}, 2.35 {5, 3H}, 2.18 -
2.08 {m, 2H}, 2.01 - 1.88 {m, 2H). ES-MSIM+1}*: 427,

Example 6. 7-{4-{{2,3-Dihydrobenzofb][1,4]dioxin-6-vl-2,2,3,3-d4)oxyipiperidin-1-yi}-8-
methyl-2-{trifluoromethyi}-4H-pyrimidol1,2-blpyridazin-d-one {Compound 6}
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[00463] To a solution of 7-chloro-8-methyl-2-{trifluoromethylipyrimidoli, 2-blpyridazin-4-
ane {13 mg) and 4-{(2,2,3,3-tetradeuterio-1,4-benzodioxin-6-yvljoxy|piperidine {18 mg} in -
butanol {1 mi) was added N, N-diisopropylethylamine {43 ul). The mixture was heated to 120
“C for 18 hours then concentrated. The crude product was dissolved in DMSO {2 mL) and
puritied by reverse-phase chromatography using Glison HPLC {30 x 100 mm column, 25 - 85%
ACN/ 0.05% agueous NHaOH, 8 min run). Fractions containing product were concentrated to
give the title compound as a solid (12 mg; 54% yield). "M NMR {400 MHz, CDCL} 8 7.62 (g, /=
1.1 Hz, 1H), 6.88 {s, 1H), 6.78 {d, J = 8.7 Hz, 1H), 5.49 {d, J = 2.8 Hz, 1H), 6.45 {dd, /= 8.7, 2.9 Hz,
1H), 4.42 {hept, J = 3.4 Hz, 1H}, 3.70 — 3.58 {m, 2H), 3.37 — 3.26 {m, 2H), 2.48 {d, J = 1.2 Hz, 3H)},
2.17 —2.04 {m, 2H), 2.04 - 1.94 {m, 2H). £5-MS5 [M+1]": 467,

Example 7. 7-{4-{{2,3-Dihydrobenzofbl[1,4ldioxin-6-y1-2,2,3,3-d4)oxyipiperidin-1-y1}-8,9-
dimethyl-2-{trifluoromethyl}-4H-pyrimidoll,2-blpyridazin-4-one {Compound 7}
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(004647 To a solution of 7-chiore-8,9-dimethyi-2-{triflucromethylipyrimido{i, 2-bipyridazin-4-
one {10 mg} and 4-[{2,2,3,3-tetradsuterio-1,4-benzodioxin-6-yljoxy]piperidine {13 mg} in -
butano! {1 mi} was added N,N-diisopropylethylamine {32 ul). The mixture was heated to 120
°C for 18 hours. The solvent was removed and the crude product was dissolved in DMSQO {2 mL)
and purified by reverse-ghase chromatography using Giison HPLC {30 x 100 mm celumn, 25 -
65% ACN/ 0.05% agueous NHsOH, 8 min run). Fractions containing product were concentrated
to give the title compound as a solid {15.5 mg; 90% vield). *H NMR {400 MHz, CDC} 6 6.92 (s,
1HY, 68.79{d, f= 87 Hz, 1H}, 6.50{d, J = 2.8 Hz, 1H}, 6.46 {dd, /= 8.8, 2.9 Hz, 1H}, 4.3% {hept, J =
3.6 Hz, 1M}, 3.51 -3.37 {m, 2H}, 3.14 - 3.03 {m, 2H}, 2.48{d, /= 0.6 Hz, 3H}, 2.34 {d, / = 0.6 Hz,
3HY, 215 - 2.03 {m, 2H}, 2.01 - 1.88 {m, 2K}, ES-MS [M+11": 481,

Example 8. 2-{Difluoromethyi}-7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-y1-2,2,3,3-
ddjoxyipiperidin-1-vi}-8-methyl-4H-pyrimido{1,2-blpyridazin-4-one {Compound B}

Ionce-INUOROG:
§ 'ji L UID /(l\(/:( U jv
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¢ o \TJ\\/J% Compound 8

-

[00465]  To a solution of 7-chloro-2-{diflucromethyl}-8-methyl-pyrimide[1, 2-blpyridazin-4-
one {10 mg) and 4-[{2,2,3,3-tetradeuterio-1,4-benzodioxin-6-yiloxy|piperidine {15 mg} in t-
butano! {1 mi} was added N,N-diisopropylethylamine {36 ul). The mixture was heated to 120
°C for 18 hours. The solvent was removed and crude product was dissolved in DMSC {2 mi}
and puritied by reverse-phase chromatography using Giison HPLC {30 x 100 mm column, 20 -

60% ACN/ 0.05% agueous NHiOH, 8 min run). Fractions containing product were concentrated
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to give the title compeound as a solid {13 mg; 70% vield). 'H NMR (400 MHz, CDCL) 6 7.56{q, / =
1.2Hz, 1M}, 6.80(d, /=88 Hz, 1K}, 6,78 {d, /=87 Hz, 1M}, 6,40 {d, = 2.8 Hz, 1H), 645 (dd, J =
8.8, 2.8 Hz, 1R}, 6.44 {1, J = 55.0 Hz, 1H}, 4.41 (hept, J = 3.5 Hz, 1H}, 3.69 — 3.58 {m, 2K}, 3.35 ~
3.24{m, 2H}, 2.47 {d, i = 1.2 Hz, 3H), 2.18 - 2.07 {m, 2H}, 2.04 - 1.91 {m, ZH}. ES-MS [M+1]*":
449,

Example 9. 2-{Difluoromethyi}-7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-y1-2,2,3,3-
ddloxyipiperidin-1-yvi}-8,9-dimethyl-4H-pyrimido{1,2-blpyridazin-4-one {Compound 9}
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[00466]  To a solution of 7-chioro-2-{difluoromethyi}-8,9-dimethyil-pyrimidoil, 2-blpyridazin-
4-one {10 mg) and 4-{{2,2,3,3-tetradeuterio-1,4-benzodioxin-6-ylloxy|piperidine {14 mg} in ¢~
butano! {1 mi} was added N,N-diisopropylethylamine {34 ul). The mixture was heated to 120
°C for 18 hours. The solvent was removed and the crude product was dissolved in DMSQ {2 mb)
and purified by reverse-phase chromatography using Giison HPLC {30 x 100 mm column, 30 -
70% ACN/ 0.05% aquecus NHsOH, 8 min run). Fractions containing product were concentrated
to give the title compound as a solid {14 mg; 76% yield). 'H NMR {400 MHz, CDCl;} 8 6.82 (s,
1H), 6.78 {d, S = 8.7 Hz, 1H), 6.53 {1, J = 55.0 Hz, 1H), 6.49 {d, /= 2.8 Hz, 1H}, 6.45 {dd, 1= 8.7, 2.9
Hz, 1H), 4.39 (hept, / = 3.5 Hz, 1H), 3.62 - 3.52 {m, 2H), 3.32 = 3.13 {m, 2H}, 2.54 {s, 3H), 2.38 {s,
3H), 2.21 - 2.08 {m, 2H), 2.05- 1.90 {m, 2H). ES-MS [M+1]": 463.

Example 10. 2-Cyclopropyl-7-{4-{{2,3-dihydrobenzolbl{1,4ldioxin-6-y1-2,2,3,3-
ddjoxyipiperidin-1-yi}-8-methyl-4H-pyrimido{ 1,2-Blpyridazin-4-one {Compound 10}
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[00467]  To a solution of 7-chioro-2-cyclopropyl-8~-methyl-pyrimido[1,2-bipyridazin-4-one {10

mgl and 4-[{2,2,3,3-tetradeuterio-1,4-benzodioxin-6-yl}oxyipiperidine {15 mg} in t-butanol {1
mL} was added N N-diisopropylethylamine {37 ul). The mixture was heated to 120 °Cfor 18
hours. The solvent was removed and the crude product was dissolved in DMSO {2 mL} and
purified by reverse-phase chromatography using Gilson HPLC {30 x 100 mm column, 25 - 65%
ACN/ 0.05% agueous NH4OH, 8 min run}. Fractions containing product were concentrated to
give the title compound as a solid (8.4 mg; 45% vield). H NMR (400 MHz, CDCRI 6 7.38{g, /=
1.2Hz, 1H}, 678 1(d, /= 8.7 Hz, 1K}, 6,48 {d, /= 2.8 Hz, 1H)}, .45 {dd, 1 = 8.7, 2.5 Hz, 1H), 6.41 {5,
1HY), 4.37 {hept, J = 3.7 Hz, 1H}, 3.64 - 3.53 {m, 2H}, 3.27 - 3.17 {m, 2H}, 2.40 {d, J = 1.2 Hz, 3H},
2,47 —-2.05{m, 2H}, 2.03 -1.9% {m, 2H}, 1.90 - 1.82 {m, 1H}, 113 -1.04 {im, 2H}, 1.03 - 0.95 {m
ZH). ES-MS [M+1]": 439,

Example 11. 7-{4-{{2,3-Dihydrobenzofbl[1,4]dioxin-6-yi-2,2,3,3-dd}oxyipiperidin-1-yi}-2-athyi-

8,8-dimethyl-dH-pyrimido[1,2-blpyridazin-d-one {Compound 11}

iﬁr ISRSE Ij\r SRS

&BuOH, 120 °C

Compound 11

[00468] To a solution of 7-chioro-2-ethyl-8,9-dimethyi-pyrimido{1,2-b]pyridazin-4-one {15

mgh and 4-(2,3-dihydro-1,4-benzodioxin-G-yloxylpiperidine {28 mg} in f-butanol {0.5 mL} was
added N N-diisopropylethylamine {55 uyl). The mixture was heated to 120 °Cfor 18 hours. The
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solvent was removed and the crude product was dissolved in DMSO {1 mb) and purified by
reverse-phase chromatography using Gilson HPLC {30 = 100 mm column, 30 - 75% ACN/ 0.1%
aqueous TFA, 8 min run}. Fractions containing product were hasified with saturated NaHCG;,
and extracted with 4:1 chloroform/IPA. The arganic extracts were passed through a phase
separator and concentrated to give the title compound as a solid {11 mg; 41% vieid). TH NMR
{400 MHz, CDCRY 8 6.77 {d, 1= 8.7 Hz, 1H}, 6.49 {d, S = 2.8 Hz, 1H}, 6.45 {dd, 1H}, 6.44 (s, 1H},
4.36 thept, /= 3.7 Hz, 1K)}, 4.27 - 4.23 {m, 2H}, 4.23 - 4.19 {m, 2H}, 3.59 - 3.48 {m, 2H}, 3.22 -
3.41 {m, 2H), 2.67 {g, S = 7.5 Hz, 2H}, 2.52 {5, 3H}, 2.35 {5, 3H}, 2.21 - 2.08 {m, 2H}, 2.05 - 1.87
{rmy, 2H), 1.29 {t, J = 7.6 Hz, 3H}). ES-MS [M+1]": 437,

Example 12. 7-{4-{{2,3-Dihydrobenzofbl[1.4]dioxin-6-vi)oxyipiperidin-1-yvi}-2-isopropyl-8,5-
dimethyl-dH-pyrimido[1,2-blpyridazin-d-one {Compound 12}

sa*sINVeave
N HN._ A S g
Nz
SN AT
O

£-BuCH, 120 °C /NL\/i Compound 12
e
‘\r O

[00468] To a solution of 7-chiore-2-isopropyi-8,9-dimethyl-pyrimido(1, 2-b]pyridazin-4-one
{15 mg} and 4-{2,3-dihydro-1,4-benzodioxin-6-yvioxylpiperidine {28 mg} in t-butanol (0.5 mL}
was added N,N-diisopropylethylamine {52 ul). The mixture was heated {o 120 °C for 18 hours.
The solvent was removed and the crude product was dissolved in DMSO {1 mi} and purified by
reverse-phase chromatography using Gilson HPLC {30 x 100 mm column, 20 - 65% ACN/ 0.1%
agqueous TFA, 8 min run}. Fractions containing product were basified with saturated NaHCO;,
and extracted with 4:1 chloroform/iPA. The organic extracts were passed through a phase
separator and concentrated to give the title compound as a solid {21 mg; 79% vield}). H NMR
{400 MHz, CDCI} 8§ 6.79 {d, /= 8.7 Hz, 1H}, 8.50{d, /= 2.8 Hz, iH}, 6.46 {dd, 1H}, 6.45 {5, 1H},
43941, /=71, 3.6 Hz, 1H}, 4.28 - 4.24 {m, 2H}, 4.23 - 4.20 {m, 2H}, 3.66 thept, /= 6.9 Hz, 1H},
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3.43 —3.32 {m, 2H), 3.10 - 2.97 (m, 2H), 2.49 {s, 3H)}, 2.32 {5, 3H), 2.24 — 2.06 {m, 2H), 2.04 —
1.90 {m, 2H}, 1.31 (s, 3H), 1.29 (s, 3H}. ES-MS [M+1]*: 451

Example 13. 7-{4-{{2,3-Dihydrobenzolb]{1,4]ldioxin-6-ylloxy)piperidin-f-yi}-2-
{methoxymethyi}-8,8-dimethyi-4H-pyrimido{1,2-blpyridazin-4-one {Compound 13}

P Q. "\\/C' ‘D,

SRee:: 4

HN L Ao TP \L)\/r .
N

MeQ” fN\ =
N }
NT G £BuGCH, 120°C NEGTY

o , |
Mﬁo\vf’&‘\/&() Comgpound 13

[004701  To a solution of 7-chioro-2-{methoxymethyl}-8,9-dimethyl-pyrimido{1,2-blpyridazin-
4-one {15 mg} and 4-(2,3-dihydro-1,4-benzodioxin-6-yloxylpiperidine {28 mg) in t-butanol {0.5
mL} was added N, N-diisopropylethylamine {52 ul). The mixture was heated to 120 °Cfor 18
hours. The solvent was removed and the crude product was dissolved in DMSO {1 mL) and
purified by reverse-phase chromatography using Gilson HPLC {30 x 100 mm column, 25 - 65%
ACN/ 0.05% agueous NHiOH, 8 min run). Fractions containing product were concentrated to
give the title compound as a solid {20 mg; 75% vield). TH NMR {400 MHz, CDCLI 6 6.78(d, /=
8.7 Hz, 1M}, 6.65 {5, 1H}, 6.49 {d, J= 2.8 Hz, 1M}, 6.45 {dd, /= 8.7, 2.9 Hz, 1H}, 4.43 {5, 2H}, 4.37
{hept, /= 3.8 Hz, 1H}, 4.29 - 423 {m, 2H}, 4.23 - 4.18 {im, 2H}, 3.62 - 3.51 {m, 2H}, 3.50 {s, 3H},
3.23-3.12 {m, 2H}, 2.50 (s, 3H}, 2.35 (5, 3H}, 2.24 - 2.07 {m, 2H}, 2.02 - 1.89 {m, ZH}. ES-MS
iM+3]": 453,

Example 14. 7-{4-{{2,3-Dihydrobenzo[b]{1,4]dioxin-6-y1-2,2,3,3-d4}oxyipiperidin-1-yi}-2-
{methoxymethyil-8-methyl-dH-pyrimido{1,2-blpyridazin-4-one {Compound 14}

G /D s}
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1004711 To asolution of 7-chioro-2-{methoxymethyl}-8-methyl-pyrimidoil, 2-blpyridazin-4-
one {15 mg) and 4-{{2,2,3,3-tetradeuterio~1,4-benzodioxin-6-yijoxy]piperidine {30 mg} in NMP
{1 mLi} was added N N-diisopropylethylamine {55 ul}). The mixture was heated to 180 "C for 18
hours. The crude product was dissolved in DMSO {1 mi) and purified by reverse-phase
chromatography using Gilson HPLC (30 x 100 mm column, 20 - 65% ACN/ 0.1% aqueous TFA, 10
min run}. Fractions containing product were basified with saturated NaHCO;, and extracted
with 3:1 chioroform/IPA. The organic extracts were passed through a phase separator and
concentrated to give the title compound as a solid {18 mg; 66% yield). H NMR {400 MHz,
CDCLI&7.48{q, /=12 He, 1M}, 6.78{d, J= 8.7 Hz, 1H}, 666 (1, /= 0.9 Hz, 1H}, 6.49(d, /=28
Hz, 1H}, 6.45 {dd, /= 8.7, 2.9 Hz, 1H}, 4.40(d, /= 0.9 Hz, 2H}, 4.39 {hept, /= 3.7 Hz, 1H}, 3.66 -
3.56 {m, 2H}, 3.49 (s, 3H}, 3.31 -3.20 {m, 2H}, 2.43{d, / = 1.2 Hz, 3H)}, 2.18 - 2.05 {m, 2H}, 2.02 -
1.89 {m, 2H}. ES-MS [M+1]": 443,

Example 15. 7-{4-{{2,3-Dihydrobenzo[b]{1,4]dioxin-6-y1-2,2,3,3-d4joxyipiperidin-1-vi}-3-
fluore-2,8-dimethyl-dH-pyrimido{1,2-blpyridazin-&-one {Compound 15}

0

/\TO E/\\/O 5 . O O DE}
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X, L AP USRS e::
B /m/ £
£BUCH, 120 °C NN
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[00472]  To a solution of 7-chioro-3-fluoro-2,8-dimethyl-pyrimido{l,2-blpyridazin-4-one {10

mgh and 4-[{2,2,3,3-tetradeuterio-1,4-benzodioxin-b-yi}oxy|piperidine {16 mg) in t-butanol {0.5
mL} was added N N-diisopropylethylamine {38 ub). The mixture was heated to 120 °C for 18
hours. The crude product was dissolved in DMSO {1 mL) and purified by reverse-phase
chromatography using Gilson HPLC (30 x 100 mm column, 25 ~ 60% ACN/0.05% aqueous
NHaOH, 8 min run). Fractions containing product concentrated to give the title compound as a

solid {10 mg; 54% vield). *H NMR {400 MHz, CDCls} 6 7.38 {g, J= 1.2 Hz, 1H), 6.72 (d, J = 8.7 Hz,
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1H), 6.43 {d, /= 2.8 Hz, 1H), 6.39 {dd, J = 8.7, 2.9 Hz, 1H), 4.34 (hept, J = 3.6 Hz, 1H), 3.56 (ddd, J
=12.0, 7.6, 3.5 Hz, 2H), 3.21 (ddd, J = 12.5, 7.8, 3.4 Hz, 2H), 2.40{d, J = 3.5 Hz, 3H), 2.36 (5, 3H},
2.1 -2.02 {m, 2H), 1.97 - 1.78 {m, 2H}. ES-MS [M+1]*: 431.

Example 16, 7-{4-{{2,3-Dihydrobenzo[b]{1,4]dioxin-6-y1-2,2,3,3-dd}oxy)piperidin-1-yi}-3-
fluoro-2,8,9-trimethyl-4H-pyrimido{1,2-blpyridazin-4-one {Compound 16}

D
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1004731 To asolution of 7-chloro-3-fluore-2,8,9-trimethyl-pyrimido[1, 2-blpyridazin-d-one (10
mg} and 4-[{2,2,3,3-tetradeuterio-~1,4-benrodioxin-6-yi}oxy|piperidine {15 mg) in t-butanol {0.5
ml} was added N,N-diisopropylethylamine {36 ul). The mixture was heated to 120 °Cfor 18
hours. The crude product was dissolved in DMSO {1 mi) and purified by reverse-phase
chromatography using Glison HPLC {30 x 100 mm column, 20 - 70% ACN/0.05% aqueous
NH2OH, 8 min run). Fractions containing product were concentrated to give the title compound
as a solid {12 mg; 65% vield). *H NMR {400 MHz, MeOD} § 6.73 {d, J= 8.8 Hz, 1H}, 651 {d, /=
2.7 Hz, 1H}, 648 {dd, 1= 8.7, 2.8 Hz, 1H}, 4.45{dt, /= 7.6, 3.9 Hz, 1H}, 3.56 {ddd, /= 11.7, 7.2,
3.5 He, 2H}, 3.21{ddd, J = 12.5, 8.2, 3.3 Hz, 2H}, 2.56 {d, /= 0.6 Hz, 3H), 2.50 {d, /= 3.5 Hz, 3H},
2.41 {s, 3H}, 2.25 - 2.08 {m, 2H}, 1.99 - 1.82 {m, ZH}. ES-MS [M+1]": 445,

Example 17. 3-Chiors-7-{4-{{2,3-dihydrobenzolb][1,4]dioxin-6-y1-2,2,3,3-dd}oxy)piperidin-2-
yi}-2,8-dimethyl-4H-pyrimido{1,2-blpyridazin-d-one {Compound 17}
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BuCH, 120 °C
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1004741 To asolution of 3,7-dichlioro-2, 8-dimethyl-pyrimido[1,2-blpyridazin-d-one {10 mg}
and 4-[{2,2,3,3-tetradeuterio-1,4-benzodioxin-6-yi}oxy]piperidine {15 mg} in tert-butanol {0.5
ml} was added N, N-diisopropylethylamine {36 ul). The mixture was heated to 120 °Cfor 18
hours. Crude product was dissolved in DMSQ {3 mL} and purified by reverse-phase
chromatography using Glison HPLC {30 x 100 mm column, 25 - 65% ACN/0.05% agueous
NHaOH, 8 min run). Fractions containing product concentrated to give the title compound as a
solid {12.9 mg; 71% vield). H NMR {400 MHz, CDChL) 5 7.47 {d, /= 0.6 Hz, 1H), 6.78 {d, /= 8.7
Hz, 1H), 6.49{d, /= 2.8 Hz, 1H}, 6.45 {dd, /= 8.8, 2.9 Hz, 1H}, 4.40 (hept, /= 3.6 Hz, 1H)}, 3.74 -
3.57 {m, 2K}, 3.33 - 3.22 (m, 2H)}, 2.56 (5, 3H}, 2.44 {d, J = 1.2 Hz, 3H}, 2.18 - 2.07 {m, 2H}, 2.02 -
1.89 {m, 2H}. ES-MS [M+1]": 447,

Example 18, 7-{4-{{2,3-Dihydrobenzo[bl{1,41dioxin-6-v1-2,2,3,3-d4}oxyipiperidin-1-yi}-8-
{methoxymethyl}-S-methyl-4H-pyrimido{1,2-blpyridazin-d-one {Compound 18}
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Compound 18

[00475]1  To a solution of 7-chloro-&-{methoxymethyl}-9-methyi-pyrimidoil, 2-blpyridazin-4-
one {15 mg) and 4-{{2,2,3,3-tetradeuterio-1,4-benzodioxin-6-yljoxy|piperidine {30 mg} in tert-
butanol {1 mL} was added N, N-dilsopropyiethylamine {55 ubL}. The mixture was heated to 120
°C for 18 hours. The crude product was dissolved in DMSO {1 mL} and purified by reverse-
phase chromatography using Gilson HPLC {30 x 100 mm column, 20 - 65% ACN/ 0.1% aqueous
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TFA, 8 min run}. Fractions containing product were basified with saturated NaHCO;, and
extracted with 4:1 chioroform/IPA. The organic extracts were passed through a phase
separator and concentrated to give the title compound as a solid {11.4 mg; 41% vield]. H NMR
{400 MHz, CDCL} 8 8.15{d, f=6.3 Hz, 1H}, 6.78{d, J = 8.7 Hz, 1H}, 6.58 {d, /= 6.3 Hz, 1H}, 6.48
{d, S=2.8Hz, 1H}, 6.45 {dd, /= 8.7, 2.9 Hz, 1H)}, 4.42 {5, 2H}, 4.37 {hept, /= 3.7 Hz, 1H]}, 3.67
{ddd, J=11.3, 6.9, 3.6 Hz, 2H}, 3.48(s, 3H}, 3.25 {ddd, 1= 12.6, 8.5, 3.2 Hz, 2H), 2.60 {s, 3K}, 2.16
{ddt, /= 13.4,6.9,3.5Hz, 2H}, 1.85 {dtd, /= 12.4, 8.0, 3.5 Hz, 2H). ES-MS [M+171": 443,

Example 18, 7-{4-{{2,3-Dihydrobenzo[b]{1,4]dioxin-6-y1-2,2,3,3-d4}oxyipiperidin-1-vi}-8-
{methoxymethyil-8-methyl-dH-pyrimido{1,2-blpyridazin-4-one {Compound 19}
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Compound 19

[80476] To a solution of 7-chiore-9-{methoxymethyl}-8-methyi-pyrimidoil, 2-blpyridazin-4-
one {15 mg} and 4-[{2,2,3,3-tetradsuterio-1,4-benzodioxin-6-yljoxy]piperidine {30 mg} in tert-
butano! {1 mL} was added N,N-dilsopropylethylamine {55 uL}. The mixture was heated {0 120
°C for 18 hours. The crude product was dissolved in DMSO {1 mL} and purified by reverse-
phase chromatography using Gilson HPLC {30 x 100 mm column, 15 - 55% ACN/ 0.1% aqueous
TFA, 8 min run). Fractions containing product were basified with saturated NaHCG;, and
extracted with 4:1 chioroform/IPA. The organic extracts were passed through a phase
separator and concentrated to give the title compound as a solid {6 mg; 22% vield). 'H NMR
{400 MHz, CDCE} 8 8.14 {d, J= 6.3 Hz, 1H), 6.78{d, f =87 Hz, 1H)}, 6.534 {d, = 6.3 Hz, 1H}, 6,48
{d,/=28Hz 1H}, 6.45{dd, /=87, 2.9 Hz, 1H}, 4.81 {s, 2H}, 4 38 {hept, /= 3.7 Hz, 1K), 3.58
{ddd, j = 11.8, 7.4, 3.5 Hz, 2H}, 3.48 {5, 3H}, 3.22 {ddd, = 12.4, 8.0, 3.3 Hz, 2H}, 2.48 {5, 3H}, 2.18
—2.08 {m, 2H}, 1.96 {dtd, = 11.2, 7.6, 3.4 Hz, 2H}. ES-MS [M+1}": 443,
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Example 20. 8-Cyclopropyl-7-{4-{{2,3-dihydrobenzo{bl{1,4]dioxin-6-y1-2,2,3,3-
ddjoxyipiperidin-1-yi}-8-methyl-4H-pyrimido{ 1,2-blpyridazin-d-one {Compound 20}

L0 SRS

+BulH, 120 °C N
¢ “ N N Compound 20
A

1884771  To a solution of 7-chioro-9-cyclopropyl-&-methyl-pyrimido[1,2-bipyridazin-4-one {15

mg) and 4-(2,3-dihydro-1,4-benzodioxin-6-yloxyipiperidine {43 mg} in tert-butanol {0.5 mlL)
was added N N-diisopropylethylamine {55 ul). The mixture was heated to 120 °C for 18 hours.
The crude product was dissolved in DMSO {1 mL} and purified by reversa-phase
chromatography using Glison HPLC {30 x 100 mm column, 20 - 80% ACN/ 0.05% aqueous
NH4OH, 8 min run). Fractions containing product were concentrated to give the title compound
as a solid {16 mg; 57% yield). *H NMR {400 MHz, CDCl) 8 8.14 {d, /= 6.3 Hz, 1H}, 6.78{d, /= 8.7
Hz, 1H), 6.52{d, J= 6.3 Hz, 1M}, 6.49{d, J= 2.8 Hz, 1H}, 6.45 {dd, /=87, 2.9 Hz, 1H}, 437 (11, /=
3.8 He, 1M}, 427 - 4.24 {m, 2H}, 4.24 - 4.18 {m, 2H}, 3.63 - 3.51 {m, 2H}, 3.25 - 3.10 {m, 2H]},
2.50 {s, 3H), 2.18 - 2.07 {m, 2H}, 2.01 - 1.87 {m, 3H}, 1.34 - 1.18 {m, 2H}, 1.24 - 1.07 {m, 2H}.
ES-MS [M+1]*: 435,

Example 21, 8-cyclopropyl-7-{4-{{2,3-dihydrobenzo[bl{ 1,4]dioxin-6-y1-2,2,3,3-
ddlonyipiperidin-1-yi}-S-methyl-dH-pyrimido{1,2-blpyridazin-d-one {Compound 21}

LY JTJ /\j Uoﬂ

=BuCH, 120 °C ?\f" N
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Compound 21
O

[00478] To a solution of 7-chioro-&-cyclopropyl-9-methyl-pyrimido[1,2-bipyridazin-4-one {15
mg} and 4-[{2,2,3,3-tetradeuterio-1,4-benzodioxin-6-yi}oxy|piperidine {30 mg} in tert-butanol

— 121 —



WO 2022/015988 PCT/US2021/041836

{0.5 ml} was added N,N-dilsoprepylethylamine {55 gl}. The mixture was heated to 120 °C for
18 hours. The crude product was dissolved in DMSO {1 mL} and purified by reverse-phase
chromatography using Glison HPLC (30 x 100 mm column, 25 - 65% ACN/ 0.05% agueous
NH4OH, 8 min run). Fractions containing product were concentrated to give the title compound
as a solid {1.8 mg; 7% vield), *H NMR {400 MHz, CDCL} 6 8.13 {d, /= 8.0 Hz, 1H), 6.78 (d, S = 8.0
Hz, 1H}, 6.53 {d, f= 8.0 Hz, 1H}, 6.49{d, f= 4.0 Hz, 1H}, 6.45 {dd, J = 8.0, 4.0 Hz, 1H), 4.38-4.35
{m, 1H}, 3.85-3.79 {m, 2H)}, 3.40-3.31{m, 2H}, 2.66 (s, 3H}, 2.20-2.12 {m, 2H}, 2.01-1.93
{rmy, 2H}, 1.88-1.84 {m, 1H}, 1.30 - 1.17 {m, 2H}, 0.81 - 0.73 {im, 2H}. ES-MS [M+1]": 435,

Example 22, 7-{{2R 45}-4-{{3,3-Dihydrobenzolb}{1,4]dioxin-6-yliony}-2-methyipiperidin-1-vi}-
&-methyl-4H-pyrimido[1,2-blpyridazin-4-one {Compound 108}
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(00479 To asolution of {25,4R}-4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yl}oxy}-2-
methylpiperidine {50 mg) in NMP (1 ml} was added 7-chiore-&-methyl-4H-pyrimido[1,2-
blpyridazin-4-one {43 mg} and DIEA {156 mg}, The mixture was subjected to microwave
irradiation at 180°C for 2 hours. The reaction mixture was diluted with £10A¢ {10 ml) and
extracted with H;0 {10 mb x 3}. The combined organic layers were washed with brine {10 mL},
dried over Na,S0,, filtered and concentrated. The residue was purified by basic preparative
HPLC to give 7-{{25,4R)-4-{{2,3-dihydrobenzolbi[1,4]dioxin-6-yi}oxy}-2-methyipiperidin-1-vi}-8-
methyl-4H-pyrimido[1,2-h]pyridazin-d-one {16 mg). *H NMR {400MHz, CDCL) £ 8.11(d, /= 6.4
Hz, 1H), 7.51 (s, 1H), 6.78 {d, / = 8.8 Hz, 1H), 6.54 {d, J = 6.4 Hz, 1H), 6.51 - 6.42 {m, 2H)}, 4.62 -
4.47 {m, 1H), 4.29 - 4.20 {m, 4H}, 4.19 - 4.11 {m, 1H), 3.62 - 3.56 {m, 1H}, 3.40 - 3.33 {m, 1H},
2.45 {s, 3H), 2.18 - 2.15 {m, 1H), 2.07 - 1.99 {m, 2H}, 1.95 - 1.82 {m, 1H), 1.27 {d, J = 6.4 Hz, 3H);
ES-MS [M+1]": 409.1.
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Exampie 23. 7-{4-{{2,3-Dihydrobenzo{b][1,4]dioxin-6-yijoxyipiperidin-1-vi}-8-methoxy-8-
methyl-4H-pyrimidoll, 2-bpyridazin-d-one {Compound 126}

,f—a. r@
fi T J“@ ()"

Compound 128

[004807 To a solution of 8-bromo-7-{4-{(2,3-dihydrobenzolbi{1,4]dioxin-6-yi}oxy}piperidin-1-
vil-8-methyl-dH-pyrimido]l,2-bipyridazin-4d-one {300 mg) in MeOH {5 mL} was added NaOGMe
{137 mg} and the resulting mixiure was stirred at 60 °C for 6 hours. H;0 {5 ml) was added to
the reaction and extracted with EtOAc {5 mbL x 5). The combined organic layers were dried over
Na,50,, filtered and concentrated. The crude compound was purified by preparative thin layer
chromatography {510, Ethyl acetate : Petroleum ether=1:0} to give 7-{4-{{2,3-
dihydrobenzo{b]{1,4]dioxin-8-vljoxylpiperidin-1-y1}-8-methoxy-8-methyi-dH-pyrimidol1, 2-
blpyridazin-4d-one {55 mg). 'H NMR {400 MHz, CDCl) §8.15 {d, /= 6.4 Hz, 1H}, 6.79{d, /= 8.4
Hz, 1H), 6.57 {d, S = 6.4 Hz, 1H), 6.50 {d, J = 2.4 Hz, 1H}, 6.46 {dd, /= 2.8, 8.8 Hz, 1H), 4.41-3.36
{m, 1H), 4.28 - 4.25 {m, 2H), 4.24 - 4.21 {m, 2H), 4.18 {s, 3H), 3.64 - 3.55 {m, 2H), 3.27 - 3.18 {m
2HY, 2.33 {s, 3H), 2.18 - 2.09 {m, 2H), 2.01 - 1.91 {m, 2H). ES-MS [M+1]%: 425.2,

Example 24. 8-{Azetidin-1-yi}-7-{4-{{2,3-dihydrobenzolb]{1,4]dioxin-G-yi)oxy]piperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-blpyridazin-4-one {Compound 127}

O ~ ‘(/O
Br = T ho ~N 4 \§_Of’
_____ e 4 o
N )—;{\{, J Nl o S
= - TELAS = >
\ N 2 BRETTRHOS \ NIY N
BrattPhos Pd G3
O toluens  Cs,C04 O

Compound 127

(004811 A mixture of 9-bromo-7-(4-{{2,3-dihydrobenzolb]il,4]dioxin-6-ylloxyipiperidin-1-yi}-
&-methyl-4H-pyrimido(1,2-bipyridazin-d-one {200 mg}, azetidine hydrochlioride {138 mg},
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52005 {1.1 g}, BrettPhos Pd G3 {77 mg) and BRETTPHOS (45 mg} in toluene {5 mL) was
degassed and purged with N, 3 times, and then the mixture was stirred at 100 °C for 16 hours
under Ny atmosphere. The reaction mixiure was concentrated and the residue was purified by
flash silica gel chromatography {ISCO®; 24 g SepaFiash® Silica Flash Column, Eluent of 0~100%
Ethyl acetate/Petroleum ether gradient @ 30 mb/min} to give crude product. The crude product
was purified by recrystallization from EXOAc {3 mi) at 80 °C. Additional recrystallization with
DCM {5 mL) and EX0Ac {15 mL} provided 9-{azetidin-1-y}-7-(4-{{2,3-dihydrobenzo{h]{1,4]dioxin-
&-yvi}oxy)piperidin-1-yi}-8-methyl-dH-pyrimido[1,2-b]pyridazin-4-one {50 mg). H NMR {400MHz,
COCl} 6 7.98(d, J=6.0Hz, 1H}, 6.78 {d, J = 8.8 Hz, 1H}, 6.50 - 6.44 {m, 3H)}, 468 ({t, /= B.O Hz,
443, 4.39-4.29{m, 1H), 4.28 - 424 {m, 2H}, 4.24 - 418 {m, 2H}, 3.62 - 3.52 {m, 2H}, 3.21-3.12
{m, 2H}, 2.40-2.32 {m, 2H}, 2.20 {5, 3H}, 2.15-2.06 {m, 2H}, 1.96 - 1.85 {m, ZH}. ES-MS [M+1}"
450.0.

Example 25, 7-{{2R,48}-4-{{2,3-Dihydrobenzoibl{1,4]dionin-6-y1-2,2,3,3-d4}ony}-2-

methylipiperidin-1-yi}-8-methyl-4H-pyrimido[1,2-blpyridazin-4-one {Compound 129}

o, X saveRPbegee:

CsF, DMSO
L\%/&O Compound 129

1004821 A mixture of 7-chloro-8-methyl-dH-pyrimidol1,2-blpyridazin-d-one {2 g}, (28,45}
4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi-2,2,3,3~-dsoxy}-2-methyipiperidine {2.59 g} and {sF
{1.86 g} in DMS0 (20 mL) was stirred at 80°C for 2 hours. The mixture was diluted with H0 {20
mL) and extracted with EIOAC {40 mlx 5} The combined organic layers were washed with brine
{50 mi}, dried over Na;50, and concentrated. The residue was purified by Combi Flash {silica
gel, from O to 100%, Ethyl acetate in petroleum ether}, followed by preparative HPLC
{instrument: Gilson GX-215 Liquid Handler, SHIMADZU LC-20AP, SHIMADZU SPD-20A; Column:
Xtimate C18 150 x 40mm x 5um; Mobile Phase A: water (0.05%NH:H,0}; Mobile phase B:

MeCN; Gradient: B from 35% to 55% in § min then hold at 100% for 5 min; Flow Rate {mi/min}:
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60; Column temperature: 30°C; Wavelength: 220 nm, 254 nm} to give 7-{{2R,45}-4-{{2,3-
dihydrobenzolb]]1,4]dioxin-6-v1-2,2,3,3-ds}oxy)}-2-methyipiperidin-1-yi}-8-methyl-4H4-
pyrimidoll,2-blpyridazin-d-one {1.4 g}. *H NMR {400MHz, COCL} 8 .10 {d, J = 6.4 Hz, 1H), 7.50
(d,)=1.2Hz, 1H), 6.77 {d, /= 8.8 Hz, 1H), 6.53 (d, J = 6.4 Hz, 1H), 6.48 {d, /= 2.8 Hz, 1H), 6.44 (d,
J=8.8Hz 2.8 Hz, 1H), 4.56 - 4.48 (m, 1H), 4.18 - 4.11 {m, 1H}, 3.61 - 3.55{m, 1H}, 3.39 - 3.32 (m,
1H), 2.44 {5, 3H}, 2.21 - 2.12 {m, 1H), 2.07 - 1.97 {m, 2H), 1.93 - 1.84 {m, 1H), 1.27 {d, /= 6.8 Hz,
3H). ES-MS [M+11%: 413.0. SFC: ta = 3.62 min, ee = 99.8%, [a]?% = +104.0 {c = 1.2 g/100mL,
DCAMY. SFC method: Instrument: Waters UPCC with PAD Detector; Column: Chiralcel GJ-3
100x4.6rmm LD, 3um; Mobile phase: A: C02 B: ethanol {0.05% DEA); Gradient: 5% to 40% of B
in 4 min and hold 40% for 2.5 min, then 5% of B for 1.5min; Flow rate: 2.8 mi/min; Column

temp.: 35°C; ABPR: 1500psi; Run time: & min;Wavelength: 220 nm.

[00483] The compounds shown in Table 1 were prepared in an analogous manner with the

appropriate starting materials.

Table
Cpd. ES-MS
No. Name Structure 1]
7-(4-{(2,3-
dihydrobenzo[b}i1,4]dioxin-6-yi-
2,2,3,3-ddloxy)piperidin-1-yi}-9-
22 methyl-4H-pyrimido{1,2- 399.2
bipyridazin-4-one
3-chiore-7-{4-{{2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
23 2.2,3,3-dd}oxyipiperidin-1-y}-&- 433.2
methyl-4H-pyrimido(1,2-
bipyridazin-4-one
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Cpd. ES-MS
No. Name Structure (V+1]*
-methyl-7-{4-{{6-methylpyridin-3-

24 viioxylpiperidin-1-yi}-4H- 352.4
pyrimido[1,2-blpyridazin-4-one
7-{4-{4-fluorophenoxylpiperidin-1-

25 yhi-8-methyl-4H-pyrimido[1,2- 355.4
bipyridazin-4-one
7-{4-{{2,3-
dihydrobenzolblil, 4]dioxin-6-

26 viioxylpiperidin-1-vi}-8-methyi-4H- 3954
pyrimido[1,2-bipyridazin-4-one
3-chioro-8-methyl-7-{4-{{&-methyl-
2,3-dihydrobenzolblil 4]dioxin-6-

a7 vi-2,2,3,3-ddloxy)piperidin-1-yl}- 447.3
4H-pyrimido[1,2-bipyridazin-4-one
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Cpd. ES-MS

No. Name Structure (V+1]*
B-methyl-7-{4-{{8-methy|-2,3-
dihydrobenzo{blil,4]dioxin-6-yi- ,,

28 2,2,3,3-dd}oxy)piperidin-1-yl}-4H- 413.4
pyrimido[1,2-blpyridazin-d-one
7-(4-{(2,3-
dihydrobenzo[b}i1,4]dioxin-6-yi-

28 2,2,3,3-dd}oxyipiperidin-1-y1}-3,8- 413.2
dimethyl-4H-pyrimido{l,2-
bipyridazin-4-one
3-cyclopropyl-7-{4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-yi-

30 2,2,3,3-dd}oxy}piperidin-1-y1}-8- 439.2
methyl-4H-pyrimido{1,2-
bipyridazin-4-one
3-chioro-7-{4-{{2,3~
dihydrobenzo{blil,4]dioxin-6-

31 viloxylpiperidin-1-yvi}-8-methyl-4H- 429.3
pyrimide[1,2-blpyridazin-4-one
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Cpd. E5-MS
No. Name Structure (V+1]*

7-{{3R,4R)-4-{{2,3-
dihydrobenzolblil, 4]dioxin-6-
viioxy}-3-fluoropiperidin-1-y1}-8-
methyl-dH-pyrimido{1,2-
bipyridazin-4-one

32 413.4

7-{{35,4R)-4-{{2,3-
dihydrobenzo{blil,4]dioxin-5-

33 vhioxyl-3-fluoropiperidin-1-y}-2,8-
dimethyl-4H-pyrimidof1,2-
Bipyridazin-4-one

4274

7-{{35,4R)-4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-
34 yiloxy}-3-flucropiperidin-1-yi}-8-
methyl-4H-pyrimido(1,2-
bipyridazin-4-one

413.4

3-{azetidin-1-yl}-7-{4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
35 2,2,3,3-dd}oxy}piperidin-1-y1}-8-
methyl-4H-pyrimido(1,2-
bipyridazin-4-one

4544
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Cpd. Name Structure ES-MS

No. M+l

'

K
Lkrrsnds

7-{{3R,4R}-4-{(2,3-
dihydrobenzo[blii,4]dioxin-6-
36 ylloxy}-3-fluoropiperidin-1-y}-3-
fluoro-2,8-dimethyl-4H-
pyrimidel[1,2-bipyridazin-d-one

4453

7-{{35,45)-4-{{2,3
dihydrobenzo[blii,4]dioxin-6-
37 ylloxy}-3-fluoropiperidin-1-y}-3-
flugro-2,8-dimethyl-4H-
pyrimidel[1,2-bipyridazin-d-one

4453

7-{{35,45)-4-{(2,3-

dihydrobenzo{blil, 4]dioxin-6-yi-

38 2,2,3,3-dd}oxy}-3-fluoropiperidin-1-
vi-3-fluore-2,8-dimethyl-4dH-
pyrimidoe[1,2-blpyridazin-4-one

4454
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Cpd.
No.

Name

Structure

ES-MS
M+11

38

7-(4-{(2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
2,2,3,3-dd}oxy}piperidin-1-yi-4-d}-
g-methyl-4H-pyrimido[1,2-
bipyridazin-4-one

400.2

40

7-14-{(2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
2,2,3,3-dd}oxy}piperidin-1-yi-4-d}-
2.8-dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one

4142

41

7-{{3R,4R)-4-{{2,3-

dihydrobenzolblil, 4]dioxin-6-yl-
2,2.3,3-d4}oxy}-3-fluoropiperidin-1-
vi}-8-methyi-dH-pyrimido[1,2-
bipyridazin-4-one

417.2
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i?j Name Structure ;;ff;
7-4{35,45)-4-{{2,3-
dihydrobenzo[b}i1,4]dioxin-6-yi-

42 2,2,3,3-ddloxy)-3-fluoropiperidin-1- 417.2
yi}-8-methyl-4H-pyrimidol[1,2-
bipyridazin-4-one
7-{{3R,45)-4-{{2,3-
dihydrobenzoib]il,4]dioxin-6-

43 yiloxy}-3-flucropiperidin-1-yi}-8- 413.2
methyl-4H-pyrimido{1,2-
bipyridazin-4-gne
7-{{3R,45)-4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-

44 viloxy}-3-fluoropiperidin-1-yi}-2,8- 427.4
dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one
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Cpd. E5-MS
No. Name Structure (V+1]*

7-(4-{(2,3-

dihydrobenzo{blil, 4]dioxin-6-yi-
45 2,2,3,3-dd}oxy}piperidin-1-yi-4-d}-
&-methyl-2-{trifluoromethyi}-4H-
pyrimidoe[1,2-blpyridazin-4-one

468.2

7-44-{(2,3-
dihydrobenzo[b}i1,4]dioxin-6-yi-
46 2,2,3,3-dd}oxy)piperidin-1-yi-4-d}-
3-fluoro-2,8-dimethyl-4H-
pyrimidel[1,2-bipyridazin-d-one

432.2

7-(4-{(2,3-

dihydrobenzolblil, 4]dioxin-6-yl-
47 2,2.3,3-d4}oxyipiperidin-1-yi-4-d}-
2,3, 8-trimethyl-4H-pyrimido(1,2-
bipyridazin-4-one

428.2
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Cpd.
No.

Name

Structure

ES-MS
M+11

48

7-(4-{(2,3-
dihydrobenzoib]il,4]dioxin-6-
viloxylpiperidin-1-yi-4-d}-8-methyl-
4H-pyrimido[1,2-blpyridazin-4-one

396.4

45

7-{4-{(2,3-
dihydrobenzo{blil,4]dioxin-5-
viloxylpiperidin-1-yi-4-d}-8-methyl-
2-{trifluoromethyl}-4H-
pyrimide[1,2-bipyridazin-4-one

464.3

50

7-(4-{(2,3-

dihydrobenzolblil, 4]dioxin-6-
viioxylpiperidin-1-yl-4-d}-3-fluoro-
2,8-dimethyl-dH-pyrimidol1,2-
bipyridazin-4-one

428.4
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Cpd. E5-MS
No. Name Structure (V+1]*

xR

7-{{3R,4R)-4-{{2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-

51 2,2,3,3-dd}oxy}-3-fluoropiperidin-1-
vi}-2,8-dimethyl-dH-pyrimidof1,2-
bipyridazin-4-one

2.8-dimethyl-7-{4-{{6-
methylpyridin-3-yljoxyipiperidin-1-
yil-dH-pyrimidol1,2-blpyridazin-4-
one

52 366.4

7-{{3R,4R}-4-{benzo[d][1,3]dioxol-
S-yvloxyi-3-fluoropiperidin-1-vi}-8-
methyl-4H-pyrimido{1,2-
bipyridazin-4-one

53 399.4
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Cpd. E5-MS
No. Name Structure (V+1]*

R

7-{{3R,4R}-3-fluoro-4-{iscchroman-
54 6-yloxyipiperidin-1-yl}-8-methyl-
4H-pyrimido[1,2-blpyridazin-d-one

4114

SRR

7-{{3R,4R}-4-{{3,4-dihydro-2H-
henzoiblil,4]dioxepin-7-ylloxy}-3-
fluoropiperidin~-1-yl}-8-methyl-4H-
pyrimido[1,2-blpyridazin-d-one

55 427.4

PRoRcy

7-{{3R,4R)-4-{(2,3-
dihydrobenzofuran-5-yhoxy}-3-
fluoropiperidin-1-yl}-8-methyl-4H-
pyrimide[1,2-blpyridazin-4-one

56 397 .4

7-{{3R,4R}-4-{chroman-7-yloxy}-3-
57 fluoropiperidin-1-yi}-8-methyi-4H-
pyrimidel[1,2-bipyridazin-d-one

411.2
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Cpd. E5-MS
No. Name Structure (V+1]*

7-{4-{benzo{dli1,3]dioxol-5-
vioxyipiperidin-1-yi-4-d}-2,8-
dimethyl-4H-pyrimido{l,2-
bipyridazin-4-one

58 396.2

7-{4-{{3,4-dihydro-2H-
benzo{bl{l,4]dioxepin-7-

58 yiloxy}piperidin-1-yi-4-d}-2,8-
dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one

390.2

7-{4-{(2,3-
dihydrobenzo{blil,4]dioxin-5-
&0 viioxyipiperidin-1-yl-4-d}-2,3,8-
trimethyi-4H-pyrimido{1,2-
Bipyridazin-4-one

424 .2
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Cpd.
No.

Name

Structure

ES-MS
M+11

61

2-{difluoromethyi}-7-(4-{{2,3-
dihydrobenzolblil, 4]dioxin-6-
viioxylpiperidin-1-yi-4-d}-8-methyl-
4H-pyrimido[1,2-bipyridazin-4-one

4486.2

62

7-(4-{(2,3-
dihydrobenzo{blil,4]dioxin-6-
viloxylpiperidin-1-yi-4-d}-2,8-
dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one

410.4

&3

7-{4-{benzo{d}{1,3]dioxol-5-
vioxylpiperidin-1-yi-4-d}-8-methyl-
2-{trifluoromethyl}-4H-
pyrimido[1,2-blpyridazin-d-one

450.4

64

7-{4-{{3,4-dihydro-2H-
henzoiblil,4]dioxepin-7-
viloxylpiperidin-1-yi-4-d}-8-methyl-
2-{trifluoromethyl}-4H-
pyrimide[1,2-bipyridazin-4-one

478.4
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Cpd. E5-MS
No. Name Structure (V+1]*

2-{difluoromethyi}-7-{4-{{2,3-
dihydrobenzo{blil, 4]dioxin-6-yi-
&5 2,2,3,3-dd}oxylpiperidin-1-yi-4-d}-
&-methyl-dH-pyrimido|[1,2-
bipyridazin-4-one

450.4

7-{4-{benzo{d}{1,3]dioxol-5-
vioxyipiperidin-1-yi-4-d}-2-
{difluoromethyl}-8-methyl-4H-
pyrimido[1,2-blpyridazin-d-one

66 431.41

2-{diflusromethyi}-7-{4-{{3,4-
dihydro-2H-benzo{bi{1,4]dioxepin-
&7 7-yiloxy)piperidin-1-yi-4-d}-8-
methyl-4H-pyrimido(1,2-
bipyridazin-4-one

460.2
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Cpd.
No.

Name

Structure

ES-MS
M+11

&8

7-{4-{benzo{dlil,3|dioxol-5-
vioxyipiperidin-1-yi-4-d}-8-methyi-
4H-pyrimido[1,2-bipyridazin-4-one

382.4

69

7-(4-{(2,3-
dihydrobenzo[b}i1,4]dioxin-6-yi-
2,2,3,3-ddloxy)piperidin-1-vi-4-d}-
8,9-dimethyi-4H-pyrimido(1,2-
bipyridazin-4-one

4144

76

7-{4-{(2,3-
dihydrobenzo{blil,4]dioxin-5-
viloxylpiperidin-1-yi-4-d}-8,9-
dimethyl-4H-pyrimidof1,2-
Bipyridazin-4-one

410.4

71

7-(4-{(2,3-
dihydrobenzo{blil,4]dioxin-6-
vijoxylpiperidin-1-yi}-8,9-dimethyl-
4H-pyrimido[1,2-bipyridazin-4-one

409.2
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Cpd.
No.

Name

Structure

ES-MS
M+11

72

2,8-dimethyk-7-{4-{{1-ox0-1,2,3,4-
tetrahydroisoquinolin-7-
viloxylpiperidin-1-yl}-4H-
pyrimido[1,2-blpyridazin-d-one

420.4

73

2.8-dimethyl-7-{4-{{2-methyl-1-
oxo-1,2,3,4-tetrahvydroisoquinolin-
7-ylloxy)piperidin-1-yi}-4H-
pyrimide[1,2-blpyridazin-4-one

434.2

74

2.8-dimethyl-7-{4-{{2-methyl-1-
oxo-1,2,3 4-tetrahydroisogquinolin-
S-yijoxy)piperidin-1-yi}-4H-
pyrimidoe[1,2-blpyridazin-4-one

434.2

75

7-{4-{{6-methoxy-5-methylpyridin-
3-ylloxylpiperidin-1-yi}-8-methyl-
4H-pyrimido[1,2-bipyridazin-4-one

3822
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Cpd. ES-MS
No. Name Structure (V+1]*

7-{4-{{6-{methoxymethylipyridin-3-
76 viloxylpiperidin-1-yvi}-8-methyl-4H- 382.1
pyrimido[1,2-blpyridazin-d-one
&,9-dimethyl-7-{4-{p-
77 tolyloxyipiperidin-1-yl}-4H- 365.2
pyrimido[1,2-blpyridazin-d-one
2-{diflucromethyi}-&,3-dimethyl-7-
{4-{{6-methyipyridin-3- ,
8 viloxylpiperidin-1-yl}-4H- 41e.2
pyrimido[1,2-blpyridazin-d-one
7-{4-{d-chiorophenoxyipiperidin-1-
vi}-2-{difluoromethyl}-8,9- e -
78 dimethyl-4H-pyrimido(1,2- 435.2
bipyridazin-4-one
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Cpd.
No.

Name

Structure

ES-MS
M+11

80

8,9-dimethyl-7-{4-{4-
{triflucromethyliphenoxylpiperidin
~1-yi}-4H-pyrimido{1,2-b]pyridazin-
4-one

4192

81

2-{diflucromethyi}l-8,8-dimethyl-7-
{4-{4-
{trifluoromethyliphenoxylpiperidin
~1-yi}-4H-pyrimido{1,2-b]pyridazin-
4d-one

4692

82

2,8-dimethyl-7-{4-{{1-ox0-1,2,3,4-
tetrahydroisoquinolin-6-
viioxylpiperidin-1-yi}-4H-
pyrimido[1,2-bipyridazin-4-one

420.2

a3

7-{4-{4-Tluorophenoxy}piperidin-i-
vi}-8,9-dimethyl-4H-pyrimido[1,2-
bipyridazin-4-one

369.2
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Cpd. ES-MS
No. Name Structure (V+1]*
2-{diflucromethyi}-7-{4-{4-
fluorophenoxylpiperidin-1-yi}-8,9-

84 dimethyl-4H-pyrimido{1,2- 4194
bipyridazin-4-one
2-{difluoromethyi}-8,9-dimethyl-7-

85 {4-{p-tolyvioxyipiperidin-1-yi}-4H- 415.4
pyrimido[1,2-blpyridazin-d-one
8,9-dimethyl-7-{4-{{6-~
methylpyridin-3-viloxy)piperidin-1- -

86 vi-4H-pyrimido{1,2-bjpyridazin-4- 366.4
one
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Cpd.
No.

Name

Structure

ES-MS
M+11

&7

8,9-dimethyl-7-{4-{{&-
methylpyridin-3-yhoxyipiperidin-1-
yi-4H-pyrimido{1,2-bipyridazin-4-
one

385.4

88

7-{4-{3-fluoro-4-
methylphenoxyipiperidin-1-yl}-8-
methyl-4H-pyrimido{1,2-
bipyridazin-4-one

369.4

8g

7-{4-{4-ethylphenoxy)piperidin-1-
vi}-8-methyl-dH-pyrimido[1,2-
bipyridazin-4-one

365.4

8¢

7-{4-{4-
isopropyiphenoxylpiperidin-1-vi}-8-
methyl-4H-pyrimido{1,2-
bipyridazin-4-one

379.2
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51

g-methyl-7-(4-{4-
propyiphenoxyipiperidin-1-yii-4H-
pyrimidol[1,2-blpyridazin-d-one

379.2

g2

&-methyi-7-{4-{p-tolyioxy}piperidin-
1-yi-d-d}-4H-pyrimido{1,2-
bipyridazin-4-one

352.2

g3

7-{4-{{6-{methoxymethyl}-5-
methylpyridin-3-yhoxyipiperidin-1-
vi}-8-methyi-dH-pyrimidol[1,2-
bipyridazin-4-one

396.2

24

7-14-{(2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
2,2,3,3-dd}oxy}piperidin-1-yi-4-d}-
2.8, 9-trimethyl-dH-pyrimido(1,2-
bipyridazin-4-one

428.4

— 145 —




WO 2022/015988 PCT/US2021/041836

Cpd. E5-MS
No. Name Structure (V+1]*

7-{4-{{2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
85 2,2,3,3-dd}oxylpiperidin-1-yi-4-d}-
8,9-dimethyl-2-{trifluoromethyi}-
4H-pyrimido[1,2-blpyridazin-d-one

482.3

7-(4-{(2,3-

dihydrobenzolblil, 4]dioxin-6-yl-
86 2,2.3,3-dd}oxyipiperidin-1-yl-4-d}-
2-isopropyl-8,9-dimethyi-4H-
pyrimide[1,2-blpyridazin-4-one

456.4

9-cyclopropyl-7-{4-{{2,3~
dihydrobenzolblil, 4]dioxin-6-yl-
g7 2,2.3,3-d4}oxyipiperidin-1-yi-4-d}-
3-methyl-dH-pyrimido[1,2-
bipyridazin-4-one

440.3

7-44-{(2,3-
dihydrobenzo[b}i1,4]dioxin-6-yi-
a8 2,2,3,3-dd}oxy)piperidin-1-yi-4-d}-
2-ethyl-8,9-dimethyi-4H-
pyrimidel[1,2-bipyridazin-d-one

442 .4
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99

7-{4-{{2,3~
dihydrobenzo{b}i1,4]dioxin-6-yl-
2,2,3,3-dd}oxy}piperidin-1-yi}-2-
isopropyi-8,9-dimethyl-4H-
pyrimido[1,2-bipyridazin-4-one

455.4

160

7-(4-{(2,3-
dihydrobenzo{blil,4]dioxin-6-yl-
2,2.3,3-d4}oxvipiperidin-1-yl}-2-
athyi-8 S-dimethyil-4H-
pyrimide[1,2-bipyridazin-4-one

441 .4

81

Z-{cyclopentyimethyi}-7-{4-{{2,3-
dihydrobenzo{blil, 4]dioxin-6-yi-
2,2.3,3-dd}oxy}piperidin-1-yi-4-d}-
&,9-dimethyl-4H-pyrimido{1,2-
bipyridazin-4-gne

456.4

ig2

7-44-{(2,3-
dihydrobenzo{b}i1,4]dioxin-6-yl-
2,2,3,3-ddloxy)piperidin-1-vi-4-d}-
&-{methoxymethyl}-S-methyl-4H-
pyrimidel[1,2-bipyridazin-d-one

444 4
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7-14-{(2,3-
dihydrobenzo{b}i1,4]dioxin-6-yl-
2,2,3,3-dd}oxy}piperidin-1-yi-4-d}- 444 .4
1063 .
g-{methoxymethyl}-8-methyl-4H-
pyrimido[1,2-bipyridazin-4-one
B-cyclopropyl-7-{4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-yl-
104 | 2,23 3-dd}oxyipiperidin-1-yl-4-d}- 440.4
S-methyl-dH-pyrimidofl,2-
Bipyridazin-4-one
B-cyclopropyl-7-{4-{{2,3-
dihydrobenzo{blil, 4]dioxin-6-yi-
185 | 2,2,3,3-d4)oxyipiperidin-1-yl}-9- 439.4
methyl-4H-pyrimido{1,2-
bipyridazin-4-gne
7-{{2R,4R)-4-{{2,3-
dihydrobenzolblil, 4]dioxin-6-
106 | vijoxyl-2-methyipiperidin-1-yi}-8- 408.1

methyl-dH-pyrimido{1,2-
bipyridazin-4-one
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Cpd. E5-MS
No. Name Structure (V+1]*

7-{{2R,45)-4-{{2,3-
dihydrobenzo{blil,4]dioxin-5-
107 | viloxy)-2-methylpiperidin-1-yi}-8-
methyl-dH-pyrimido{1,2-
Bipyridazin-4-one

408.1

7-14-{(2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
188 | 2,2,3,3-ddloxylpiperidin-1-yi-4-d}-
2-{methoxymethyl}-8-methyl-4H-
pyrimido[1,2-blpyridazin-4-one

444 2

7-44-{(2,3-
dihydrobenzo[b}i1,4]dioxin-6-yi-
110 | 2,2,3,3-ddloxylpiperidin-1-yi-4-d}-
2-{methoxymethyl}-8,8-dimethyl-
4H-pyrimido[1,2-bipyridazin-4-one

4582

Tt

7-{{35,4R-4-({2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
111 | 2,2,3,3-d4)oxy)-3-fluoropiperidin-1-
vi}-8-methyl-dH-pyrimido[1,2-
bipyridazin-4-one

417.3
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112

7-{{3R,45)-4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
2,2,3,3-d4}oxy)-3-fluoropiperidin-1-
yi-8-methyil-4H-pyrimidol1,2-
bipyridazin-4-one

Lt

4173

113

7-{{3R,45) or {35,4R}}-4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-
vijoxy}-3-methylpiperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-
bipyridazin-4-one

Nt o

4091

ii4

7-{{3R,4R)} or (35,45 )}-4-{{2,3-
dihydrobenzoiblil,4]dioxin-6-
viioxy}-3-methylpiperidin-1-yl}-8-
methyl-dH-pyrimido(1,2-
bipyridazin-4-one

115

7-{{35,45) or {3R, 4R}}-4-{({2,3-
dihydrobenzo{blil,4]dioxin-5-
viloxy}-3-methyipiperidin-1-yi}-8-
methyl-dH-pyrimido{1,2-
Bipyridazin-4-one

409.1
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Cpd. E5-MS
No. Name Structure (V+1]*

7-{{2R,4R)-4-{{2,3-
dihydrobenzoiblil,4]dioxin-6-
118 | viioxy)-2-methylpiperidin-1-yl}-8-
methyl-4H-pyrimido(1,2-
bipyridazin-4-one

TR

7-{{35,45)-4-{{2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
117 | 2,2,3,3-d4)oxyi-3-fHuoropiperidin-1-
vi}-8,9-dimethyl-dH-pyrimidof1,2-
bipyridazin-4-one

431.2

7-{{35,4R)-4-({2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
118 | 2,2,3,3-d4)oxy}-3-fHuoropiperidin-1-
vi}-8,9-dimethyl-dH-pyrimidof1,2-
bipyridazin-4-one

431.2

7-{{3R,45)-4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-yl-
118 | 2,2,3,3-d4)oxy}-3-fluoropiperidin-1-
vi}-8,8-dimethyl-dH-pyrimido[1,2-
Bipyridazin-4-one

431.2
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7-{{35,45)-4-{2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
2,2,3,3-dd}oxy}-3-fluoropiperidin-1-
yi}-2-{methoxymethyi}-8,9-
dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one

120 475.2

7-{(35,4R}-4-{{2,3-

dihydrobenzolblil, 4]dioxin-6-yl-
2,2.3,3-dd}oxy}-3-fluoropiperidin-1-
vil2-{methoxymethyi}-8,9-
dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one

i21 4752

7-{{3R,45)-4-{{2,3-
dihydrobenzo{blil,4]dioxin-6-yi-
2,2,3,3-dd}oxy}-3-fluoropiperidin-1-
yi}-2-{methoxymethyi}-8,9-
dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one

122 475.2

7-(4-{(2,3-
dihydrobenzoib]il,4]dioxin-6-
123 | viioxylpiperidin-1-yvl}-8-methyl-9-
{methylamino}-4H-pyrimido[1,2-
bipyridazin-4-gne

424.0

— 152 —




WO 2022/015988 PCT/US2021/041836

Cpd. E5-MS
No. Name Structure (V+1]*

7-{{3R,4R}-4-{(2,3-
dihydrobenzo{b}i1,4]dioxin-6-yl-
2,2,3,3-ddloxy)-3-fluoropiperidin-1-
yi}-2-{methoxymethyi}-8,9-
dimethyl-4H-pyrimido{l,2-
bipyridazin-4-one

124 475.2

st

7-{{3R,4R)-4-{{2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
135} 2,2,3,3-dd}oxy}-3-fluoropiperidin-1-
yvi}-2-{methoxymethyl}-8-methyl-
4H-pyrimido[1,2-blpyridazin-d-one

4p1.2

7-14-{(2,3-
dihydrobenzo{blil,4]dioxin-6-

126 | yiloxylpiperidin-1-yi}-S-methoxy-8-
methyl-4H-pyrimido(1,2-
bipyridazin-4-one

4252

9-{azetidin-1-yl}-7-{4-{{2,3-
dihydrobenzolb][1,4]dioxin-6- ™
viloxylpiperidin-1-vi}-8-methyl-4H-
pyrimide[1,2-bipyridazin-4-one

127 450.0
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Cpd. E5-MS
No. Name Structure (V+1]*

AN

7-{{3R,4R)-4-{{2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
128 | 2,2,3,3-dd)oxy}-3-fluoropiperidin-1-
vi}-8,9-dimethyl-4H-pyrimido[1,2-
bipyridazin-4-one

431.3

7-{{2R,45}-4-{{8-fluoro-2,3-
dihydrobenzo{b}il,4]dioxin-6-yi-
130 | 2,2,3,3-d4)oxy}-2-methyipiperidin-
1-yi}-8-methyl-4H-pyrimido[1,2-
bipyridazin-4-one

431

7-{{2R,45)-4-{{8-fluoro-2,3-
dihydrobenzo[blii,4]dioxin-6-
131 | yhioxy}-2-methylpiperidin~-1-yi}-8-
methyl-dH-pyrimidol1,2-
bipyridazin-4-one

427

7-{{2R,45)-4-{{2,3-
dihydrobenzo{b}i1,4]dioxin-6-yl-
132 | 2,2,3,3-dd}oxy}-2-methyipiperidin-
1-y1}-8,9-dimethyl-4H-
pyrimido[1,2-bipyridazin-4-one

4273
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i33

7-{{2R,45)-4-{{2,3-
dihydrobenzo{b}i1,4]dioxin-6-yl-
2,2,3,3-ddloxy)-2-methyipiperidin-
1-yi}-2-{methoxymethyi}-§,9-
dimethyl-4H-pyrimido{l,2-
bipyridazin-4-one

471.4

134

7-{{2R,45)-4-({2,3-
dihydrobenzoiblil,4]dioxin-6-
viioxyl-2-methylpiperidin-1-yi}-8,9-
dimethyl-4H-pyrimido{1,2-
bipyridazin-4-one

4232

135

7-{4-{{8-Fluorp-2,3-
dihydrobenzolblil, 4]dioxin-6-
viioxylpiperidin-1-vi}-8-methyi-4H-
pyrimido[1,2-bipyridazin-4-one

413.2

i3e

7-{4-{{8-fluoro-2,3-
dihydrobenzo{blil, 4]dioxin-6-yi-
2,2.3,3-dd}oxy}piperidin-1-yi}-8-
methyl-4H-pyrimido{1,2-
bipyridazin-4-gne

417.2

— 155 —




WO 2022/015988 PCT/US2021/041836

Cpd. E5-MS
No. Name Structure (V+1]*

7-44-{(2,3-
dihydrobenzo{b}i1,4]dioxin-6-yl-
2,2,3,3-ddloxy)piperidin-1-yi-
2,2,6,6-d4}-8-methyi-4H-
pyrimidel[1,2-bipyridazin-d-one

137 403.4

¢. Biological Activity

A, Cell Lines Expressing Muscarinic Acetyicholine Receptors
[00484] Human and rat My cDNAs, along with the chimeric G protein Ggs, were transfected
into Chinese hamster ovary (CHO-K1) celis purchased from the American Type Culture
Collection using Lipofectamine2000. hMa—Ggis cells were grown in Ham's F-12 medium
containing 10% heat-inactivated fetal bovine serum {FBS), 20mM HEPES, 50ug/mL G418 sulfate,
and 500 yg/mL Hygromycin B. rMa—Gqs cells were grown in DMEM containing 10% heat-
inactivated FBS, 20 mM HEPES, 400 ug/ml G418 sulfate, and 500 pg/ml Hygromycin B

B. Cell-Based Functional Assay of Muscarinic Acetyicholine Receptor Activity
[00485]  For high throughput measurement of agonist-evoked increases in intracellular
calcium, CHO-K1 cells stably expressing muscarinic receptors were plated in growth medium
facking G418 and hygromycin at 15,000 cells/20 ul/well in Greiner 384-well black-walled, tissue
culture {TC-treated, clear-bottom plates {VWR). Cells were incubated overnight at 37 *Cand
5% CO,. The next day, cells were washed using an ELX 405 {BioTek} with assay buffer; the final
volume was then aspirated to 20 b, Next, 20 ul of 2 2.3 udM stock of Fluo-4/acetoxymethyi
ester {invitrogen, Carlsbad, CA), prepared as a 2.3 mM stock in DMSO and mixed in a 1:1 ratio
with 10% {w/v} Pluronic F-127 and diluted in assay huffer, was added to the wells and the cell
plates were incubated for 50 min at 37 °C and 5% CO». Dye was removed by washing with the
ELX 405 and the final volume was aspirated to 20 ul. Compound master plates were formatted

in an 11 point concentration-response curve {CRC) format {1:3 dilutions} in 100% DMSO with a
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starting concentration of 10 mM using a BRAVO liguid handler {Agilent}. Test compound CRCs
were then transferred to daughter plates {240nL) using the Echo acoustic plate reformatter
{Labcyte, Sunnyvale, CA} and then diluted into assay buffer {40ul} to a 2x stock using a Thermo
Fisher Combi {Thermo Fisher Scientific, Waltham, MA).

[00486] Calcium flux was measured using the Functional Drug Screening System {FDSS) 6000
or 7000 {Hamamatsu Corporation, Tokyo, Japan) as an increase in the fluorescent static ratio.
Compounds were applied to celis {20 ul, 2X} using the automated system of the FDSS at 2-4
seconds into the protocol and the data were collected at 1 Hz, At 144 seconds, 10 ubl of an ECyx
concentration of the muscarinic receptor agonist acetyicholine was added {5}, followed by the
addition of 12 ul of an ECg concentration of acetylcholine at the 230 second time point {5X}.
Agonist activity was analyzed as a concentration-dependent increase in calcium mobilization
upon compeound addition. Positive allosteric modulator activity was analyzed as a
concentration-dependent increase in the ECyg acetyicheline response. Antagonist activity was
analyzed as a concentration-dependent decrease in the ECss acetyicholine response.
Concentration-response curves were generated using a four-parameter logistical equation in
XLFit curve fitting software {(iDBS, Bridgewater, Ni} for Excel {Microsoft, Redmond, WA} or Prism
{GraphPad Software, Inc., San Diego, CAlL

(804871  The above described assay was also operated in a second mode where an
appropriate fixed concentration of the present compounds were added to the cells after
establishment of a fluorescence baseline for about 3 seconds, and the response in cells was
measurad. 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 determined by nonlinear curve fitting. A decrease in the
ECso value of the agonist with increasing concentrations of the present compounds {a leftward
shift of the agonist concentration-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 ECss value of the agonist with increasing concentrations of the present compounds {a
rightward shift of the agonist concentration response curvel is an indication of the degree of

muscarinic antagonism at a given concentration of the present compound. The second mode
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also indicates whether the present compounds also affect the maximum response of the

miuscarinic receptor to agonists.

d. Activity of Compounds in 2 mAChR M4 Cell-Based Assay

[00488] Compounds were synthesized as described above. Activity {(ECss and Emax} was
determined in the mAChR My cell-based functional assay as described above and the data are

shown in Table 2. The compound number corresponds to the compound numbers used in

Examples 1 to 11 and Tables 1.

PCT/US2021/041836

Table 2.
Human

No. ?é:i:@; Ema (%)* | No. sv;; i;sa ij"}$
i 130 91 75 21 95
2 26 160 72 1540 74
3 30 86 73 2630 &5
4 36 90 74 23860 84
5 36 81 75 1510 &4
& 16 91 76 >10,000 60
7 70 93 77 91 101
8 19 76 78 76 95
9 28 36 79 358 76
i0 87 73 80 2180 76
i3 49 939 81 2300 73
i2 58 103 82 3340 74
i3 22 g5 83 186 &9
i4 22 101 &4 141 85
i5 20 20 85 385 101
is 92 117 86 341 101
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No Human My Evae (%1% | No ;Zm:éi:n Emax
" ECso{nb} | ™™ “ (; M;" (%}
17 12 91 87 268 93
i8 162 S0 88 383 77
i8 460 75 89 503 76
20 172 ai 90 1110 63
21 2070 82 91 1070 70
22 1800 35 92 632 89
23 44 a1 L >10,000 70
24 782 73 94 30 34
25 296 90 95 73 87
26 66 84 53] 49 85
27 108 79 97 424 78
28 288 g3 98 64 90
25 43 20 99 131 a0
30 73 80 100 52 29
3% 32 22 101 1470 81
32 147 81 102 170 S4
33 40 117 103 455 78
34 70 116 104 1410 &7
35 153 114 105 1700 81
36 40 116 106 218 a1
37 134 105 147 4070 55
38 2i1 107 108 73 99
39 115 1ii 109 18 97
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Human
No. 2%:§:$$' Emax (%)% | No, ;ﬁiiﬁa ;gﬁ
a0 60 118 | 110 a4 80
a1 159 14 | 111 67 106
a2 52 105 | 112 75 108
43 171 69 113 | 120 96
a4 224 75 134 | 160 102
45 26 77 115 | 1560 78
46 22 81 116 | 1330 71
a7 51 81 117 | 326 93
48 46 91 118 34 115
a8 10 93 119 51 114
50 9 93 120 | 162 106
51 16 94 121 a2 111
52 168 84 122 94 111
53 160 86 123 | 556 89
54 319 89 124 | 101 109
55 135 80 125 87 108
56 206 80 126 | 42 109
57 149 83 127 | 1600 58
58 52 88 128 53 125
59 59 85 129 81 120
60 28 91 130 | 160 116
61 12 34 131 | 203 119
62 47 99 132 34 107
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Human

No, zz:§:$4 Emax §%)* | No. Né;i;m ;2;:

63 342 102 133 96 105

64 172 104 134 25 105

65 20 108 135 75 98

66 17 108 1356 73 a7

57 i7 109 137 45 105

68 288 91

59 20 97

70 16 96

* %ACHh maximum at 30 uM.
(004881 1t is understood that the foregoing detailed description and accompanying examples

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

which is defined solely by the appended claims and their equivalents,

1004501

Yaricus changes and modifications to the disclosed embodiments will be apparent

1o those skilled in the art. Such changes and modifications, including without imitation those

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

compositions, formulations, or methods of use of the invention, may be made without

departing from the spirit and scope thereof.
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CrLaiS
What is claimed is:

1. Acompound of formula {1}

or a pharmaceutically acceptable salt thereof, wherein:

Xis CR*®ar N;

R! is selected from hydrogen, Ci-Ce-alkyl, Ci-Ca-haloalkyl, Ci-Ca-hydroxyatkyl, Ca-Ce-
cycloatkyl, ~L~Cs-Cs-cycloalkyl, hale, —-L'OR" and OR?;

R? is selected from hydrogen, Ci-Cs-alkyl, Ci-Ca-haloalkyi, Ca-Ce-cycioalkyl, halo, ~L20OR®,
ORP, NHRP, and N{RP)y;

R%is selected from Ci-Ca-alkyl, hydrogen, Ci-Ca-haloalkyl, Co-Co-cycloalkyl, halo, ~L30RS,
and OR%

each RYis independently selected from Ci-Ca-alkyl, OR?, ~L%0OR?, and halo;

mis 2, 0, orl;

two R, taken together with the carbon atoms to which they are attached, form a 5-to
S-membered fused monocyclic heterocycle containing 2 or 1 hetercatoms independently
selected from O, N, and §, the fused monocyclic heterocycle being optionally substituted with
1-4 R% ar

each R is independently selected from Ci-Ca-atkyl, C1-Ca-haloalkyl, OR®, ~L°0R®%, a5 or 6
membered hetercaryl, a phenyl, Cs-Ce-cycloalkyl, and halo;

R is selected from hydrogen, Ci-Ca-alkyl, C1-Ca-haloalkyl, C5-Cs-cycioalkyl, OR®, —L°ORS®,

and halo;
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each R is independently selected from Ci-Cz-alkyl, Ci-Co-fluoroalkyl, Ca-Ca-cycloallyl,
~0C-Cr-alkyl, -0C-Co-fluoroalkyl, cvang, and hale;

each R%is independently selected from oxo, Ci-Ce-alkyl, OR', ~LEOR', and halo;

R7is selected from hydrogen, Ci-Cs-alkyl, Ci-Ca-haloalkyi, Ca-Ce-cycloalkyl, halo, —L?OR®,
ORP, NHR®, and N{R"};

oisQ, lor?;

nisd, 1, or 2;

LY L%, L3 LY, L5, and L% at each occurrence, are each independently Ci-Cs-alkylene; and

R*, RP, R RY, Re, and R, at each occurrence, are each independently selected from Ci-Cs-
alkyl, C1-Ca-haloalkyl, and C3-Ce-cycloalkyl, wherein two R®, together with a nitrogen atom to
which they are attached, optionally form a 4- to 7-membered monocyclic heterocyclyl, the
heterocyclyl being optionally substituted with 1-4 substituents independently selected from

halo, Ci-Ca-alkyl, and C-Cs-haloalkyl,

2. The compound of claim 1 of formula {I-A}

R4 .
Ve Ry,

R0

{I-A}
or a pharmaceutically acceptable salt thereof, wherein
two R, taken together with the carbon atoms to which they are attached, form a 5-to
g-membered fused monocyclic heterocycle containing 2 or 1 heteroatoms independently
sglected from G, N, and 5, the fused monocyclic heterocycle being optionally substituted with
1-4 R or

gach R is independently selected from hydrogen, Ci-Ca-alkyl, C1-Ca-haloalkyl, OR®,
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—~L°0OR®, a 5 or 6 membered heteroaryl, a phenyl, Ce-Ce-cycloalkyl, and halo.

3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof, wherein two
75 or R™, taken together with the carbon atoms to which they are attached, form the 5-to

&-membered fused monocyclic heteracycle,

4. The compound of any of claims 1-3, or a pharmaceutically acceptable salt thereof, wherein
the 5- to 8-membered fused monocyclic heterccycle formed with R” or R contains 2 or 1

heteroatoms independently selected from O and N and is optionally substituted with 1-2 R%.

5. The compound of any of claims 1-3 of formuia {I-B},

{i-8}

or a pharmaceutically acceptable salt thereof, wherein

Glis

SN .55

| —m(RB (R, \ M(R“’)q
X )("

R‘"’” (R,

‘S‘S 55 RS

NG t“‘I o,

(R%), <R~’L> <R°b>
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.SS N NH § e )
| ¥ R S (R0,
X X

(RSb)n ,Of (Rﬁb}n ;and

each g is independently G, 1, 2, 3, or 4.

6. The compound of claim 5, or a pharmaceutically acceptable salt thereof, wherein

Glis

{Cy- teya
N 1~Cyalkeyilo 4 _ A

T G -Caakylo.

, or R# O s and

R¥ is hydrogen, C1-Ca-alkyl, or halo.

7. The compound of claim 6, or a pharmaceutically acceptable salt thereot, wherein

G'is
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8. The compound of any of claims 1-5 of formuia {ia}

R‘*w
R® K
(R6)q
(R°°)n
NF N“"
RN
R7
(1a)
or a pharmaceutically acceptable salt thereof.
9. The compound of any of claims 1-5 of formuia {(ib)
(R,
D
// © | N )
x}"\; o P
(R!Sb)n D

{ib}

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

nis G

11. The compound of claim 1 or 2, or a gharmaceutically acceptable salt thereof, wherein each
R® or R™ is independently selected from hydrogen, Ci-Ca-alkyl, Ci-Cs-haloalkyl, OR®, —~L>COR®,

a 5 or 6 memberead heteroaryl, a phenyl, (3-Cs-cycloalkyl, and halo.
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12. The compound of any of claims 1, 2, or 11, or a pharmaceutically acceptable salt thereof,
wherein each R® or R°%is independently selected from hydrogen, Ci-Cy-alkyl, C1-Ca-haloalkyl,

OR®, ~L>0R®, and halo.

13. The compound of claim 12 of formula {I-8}

{--8)

or a pharmaceutically acceptable salt thereof, wherein

S S SN
l o (G4 bRy E =G i-Cgfluoroalkvl E
Gl iS / s o‘/ s /
S
G61~C,ga|kyi N Sy
O
“\ E e G 4-Cgatkyd \ES\/D\CT‘C@E}Wi

&

halo N N

7 7 ¥

halo

Cq-Caalkyl Cy-Cyalkyl

“ngém ccars m 5
Nzxf"’ O P C4-Caalkyl

L or N

14. The compound of claim 13, or a pharmaceutically acceptable salt thereof, wherein

N,

4G fluoroalkyl ) “halo |
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0 4-Cgaticyd
7 E e l T O
NTC,-Caalkyl N NG y-C iyl ’

halo

L

,.SS ] T C1~C4aikyi "ng(haikyi
g & o
N Q’C" Caalkey N “Cy-Caalkyl

, OF

15. The compound of claim 14, or a pharmaceutically acceptable salt thereof, wherein

16. The compound of any one of ciaims 1 to 15, or a pharmaceutically acceptable salt thereof,

wherein RY is C1-Ca-alkyl, hydrogen, Cs-Cs-cycloaikyl, or —L30RC.

17. The compound of claim 16, or a pharmaceutically acceptable salt thereof, wherein R¥is Cy

Ca-alkyl.

18. The compound of claim 17, or a pharmaceutically acceptable salt thereof, wherein R¥ is

methyh

18. The compound of any of claims 1-18, or a pharmaceutically accepiable salt thereof, wherein

Rl is hydrogen, Ci-Ca-alkvl, C1-Ca-haloalkyl, Co-Ce-cycloalkyl, ~L3-Cs5-Ce-cycioalkyl, or ~L*0OR2.
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The compound of claim 19, or a pharmaceutically acceptable salt thereof, wherein R is ;-

Cyp-atkyl.

The compound of claim 19, or a pharmaceutically acceptable salt thereof, wherein R is

hydrogen.

The compound of claim 19, or a pharmaceutically acceptable salt thereof, wherein R is Ci-

Ca-tluoroalkyl

The compound of claim 22, or a pharmaceutically acceptable salt thereof, wherein Rl is

trifluosromethyl.

The compound of claim 22, or a pharmaceutically acceptable salt thereof, wherein R is

ditfuoromethyl.

The compound of any one of claims 1 to 24, or a pharmaceutically acceptable salt thereof,
wherein R? is selected from hydrogen, Ci-Ca-alkyl, Ca-Ce-cycloalkyl, ~L7ORP, OR®, NHRE, and
N{R,.

The compound of claim 25, or a pharmaceutically acceptable salt thereof, wherein R% is Ci-

Ca-albkyl.

The compound of claim 25, or a pharmaceutically acceptable salt thereof, wherein R% is

hydrogen.

The compound of claim 25, or a pharmaceutically acceptable salt thereof, wherein R%is

methyl

The compound of any one of claims 1 {0 28, or a pharmacsautically acceptable salt thereof,

wherein R*is C1-Ca-alky or halo.

The compound of any of claims 1-29, or a pharmaceutically acceptable salt thereof, wherein
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ois

The compound of any of claims 1-29, or a gharmaceutically acceptable salt thereof, wherein

ois 1.

The compound of any one of claims 1 to 31, or a pharmaceutically acceptable salt thereof,

wherein R7 is selected from hydrogen, Ci-Csa-alkyl, C-Ce-cycioalkyl, halo, and N{RP).

The compound of claim 32, or a pharmaceutically acceptable salt thereof, wherein R is

selected from hydrogen, methyl, cyclopropyl, flucro, chlorg, and azetidin-1-yl

. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein RV is

hydrogen.

The compound of any one of claims 1 to 5 or 8 to 34, or a pharmaceutically acceptable salt

thereof, wherein Xis N.

The compound of any one of claims 1 to 34, or a pharmaceutically acceptable salt thereot,

wherein X is CR.

. The compound of claim 36, or a pharmaceutically acceptable salt thereof, wherein 8% is

hydrogen.

The compound of claim 1, selected from the group consisting of:

7-{4-{{2,3-dihydrobenzoiblil,4]dioxin-6-vi-2,2,3,3-d4}oxy}piperidin-1-vi}-8-methyl-4H-

pyrimido{l,2-b]pyridazin-4-one;

7-{4-{{2,3-dihydrobenzolblil,4]dioxin-6-v}-2,2,3,3-ddoxyipiperidin-1-yvi}-%-methyl-4H-

pyrimidoil,2-b]pyridazin-4-one;

3-chiora-7-{4-{{2,3-dihydrohenzoib]i1,4]dioxin-6-yl-2,2,3,3-d4 oxylpiperidin-1-yl}-8-methyl-

4H-pyrimido[1,2-blpyridazin-4-one;

B-methyl-7-{4-{{6~-methylpyridin-3-vhoxyipiperidin-1-yl}-4H-pyrimido[1, 2-blpyridazin-4-one;
7-{4-{4-fluorophenoxyipiperidin-1-y1}-8-methyl-4H-pyrimido{1,2-blpyridazin-4-one;
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7-{4-{{2 3-dihydrobenzoiblil,4]dioxin-G-yioxylpiperidin-1-yi}-8-methyi-4H-pyrimido[ 4, 2-
blpyridazin-4-one;

3-chloro-8-methyl-7-{4-{{&-methyl-2,3-dihydrobenzolbi{1,4]dioxin-6-y}-2,2,3,3-
ddioxyipiperidin-1-yil-4H-pyrimido{l,2-bipyridazin-4-one;

&-methyl-7-{(4-{{8-methyl-2,3-dihydrobenzoibi{1,4]dioxin-6-vi-2,2,3,3-d4joxyipiperidin-1-yi}-
AH-pyrimideol1,2-b]pyridazin-d4-one;

7-{4-{{2,3-dihydrobenzoib]i1,4]dioxin-6-vi-2,2,3,3-d4d Joxy)piperidin-1-vi}-3-fluoro-2,8-
dimethyi-4H-pyrimido{1,2-blpyridazin-4-one;

7-{4-{{2,3-dihydrobenzoiblil,4]dioxin-6-yi-2,2,3,3-d4 joxy}piperidin-1-yi}-3,8-dimethyl-4H-
pyrimidoil,2-blpyridazin-d-one;

3-cyclopropyl-7-{4-{{2,3-dihydrobenzo[b}{1,4]dioxin-6-yl-2,2,3,3-d4)oxyipiperidin-1-vi}-8-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;

3-chloro-7-(4-{{2,3-dihydrobenzaib}i 1,4 ]dioxin-6-yvlJoxyipiperidin-1-yi}-8-methyi-4H-
pyrimido{l,2-b]pyridazin-4-ong;

7-{4-{{2,3-dihydrobenzoib]il,4]dioxin-6-yi-2,2,3,3-dd Joxy}piperidin-1-yi}-2,8~dimethyl-4H-
pyrimidoil,2-blpyridazin-4-one;

7-{4-{{2 3-dihydrobenzoiblil,4]dioxin-6-yi-2,2,3,3-d4d}Joxy}piperidin-1-yi}-&-methyl-2-
{trifluoromethyi}-4H-pyrimidol[1,2-blpyridazin-4-one;

7-{{3R,4R}-4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yljoxy}-3-flucropiperidin-1-vi}-&-methyl-4H-
pyrimido{l,2-blpyridazin-4-one;

7-{4-{{2,3-dihydrobenzoibl{1,4]dioxin-6-vi-2,2,3,3-d4 Joxy}piperidin-i-yi}-3-fluore-2,8,9-
trimethyl-dH-pyrimidoil, 2-blpyridazin-d-one;

7-{{35,4R}-4-{{2,3-dihydrobenzo|b][1,4]dioxin-6-yloxy}-3-fluorapiperidin-1-vi}-2,8-dimethyl-
4H-pyrimido[1,2-blpyridazin-4-one;

7-{{35,4R}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi}oxy}-3-flucrapiperidin-1-vi}-8-methyl-4H-
pyrimidoil,2-blpyridazin-d-one;

3-{azetidin-1-y1)-7-(4-{{2,3-dihydrobenzo{b]il,4]dioxin-6-y1-2,2,3,3-d4}oxy)piperidin-1-yl}-8-

methyl-4H-pyrimidel1,2-b]pyridazin-4-one;
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7-{{3R,4R}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-ylloxy}-3-fiuoropiperidin-1-yi}-3-flucre-2, 8-
dimethyl-dH-pyrimide{1,2-b]pyridazin-4-one;
7-{{35,48}-4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yl}oxy}-3-fiuoropiperidin-1-yi}-3-fluoro-2,8-
dimethyi-4H-pyrimido{1,2-blpyridazin-4-one;
7-{{35,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi-2,2,3, 3-d4}oxy}-3-fluoropiperidin-1-yl}-3-
fluoro-2,8-dimethyl-dH-pyrimide[1,2-b]pyridazin-4-one;
7-{4-{{2,3~-dihydrobenzoib]i1,4]dioxin-6-yi-2,2,3,3-dd Joxy)piperidin-1-yl-4-d}-&-methyl-4H-
pyrimidoil,2-blpyridazin-4-one;
7-{4-{{2 3-dihydrobenzoiblil,4]dioxin-6-yi-2,2,3,3-d4 joxy}piperidin-1-yi-4-d}-2,8-dimethyl-
4H-pyrimidoll,2-blpyridazin-d-one;
7-{{3R,4R}-4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-y1-2,2,3, 3-d4}oxy}-3-fluoropiperidin-1-yi}-&-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;
7-{{35,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi-2,2,3, 3-d4}oxy}-3-fluoropiperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-4-ong;
7-{{3R,48}-4-{{2,3-dihydrobenzo[b][1,4]dioxin-6-yi}oxy}-3-fluoropiperidin-1-vi}-&-methyl-4H-
pyrimidoil,2-blpyridazin-4-one;
7-{{3R,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yi}oxy}-3-fluoropiperidin-1-vi}-2,8-dimethyl-
4H-pyrimidoll,2-blpyridazin-d-one;
7-{4-{{2,3-dihydrobenzoiblil,4]dioxin-6-y1-2,2,3,3-d4joxy)piperidin-1-yi}-2,3,8-trimethyl-4H-
pyrimido{l,2-blpyridazin-4-one;
2-{difluoromeathyl}-7-{4-{(2,3-dihydrobenzo|b]{1,4]dioxin-6-yi-2,2,3,3-d4}oxy)piperidin-1-yi}-
S-methyl-dH-pyrimido[1,2-blpyridazin-4-one;
2-cyclopropyl-7-{4-{{2,3-dihydrobenzo[bi{1,4]dioxin-6-vi-2,2,3,3-d4)oxyipiperidin-1-yi}-8-
methyl-dH-pyrimido[ 1, 2-blpyridazin-d-one;
7-{4-{{2 3-dihydrobenzoiblil,4]dioxin-6-yi-2,2,3,3-d4 joxy}piperidin-1-yi-4-d}-8-methyl-2-
{trifluoromethy}-4H-pyrimido[1, 2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzoibl{l,4]dioxin-6-vi-2,2,3,3-d4}oxyipiperidin-1-yi-4-d}-3-fluoro-2,8-

dimethyl-4H-pyrimido{1,2-blpyridazin-d-one;
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7-{4-{{2 3-dihydrobenzoiblil,4]dioxin-6-yi-2,2,3,3-d4 joxy}piperidin-1-yi-4-d}-2,3,8-
trimethyl-dH-pyrimido{l,2-blpyridazin-4-one;
3-chloro-7-{4~{{2,3-dihydrobenzoib][1,4]dioxin-6-yl-2,2,3,3-d4}oxy}piperidin-1-yi}-2,8-
dimethyi-4H-pyrimido{1,2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzoibl{ 1 4]dioxin-6-yvijoxylpiperidin-1-yl-4-d}-8-methyi-4H-
pyrimido{l,2-b]pyridazin-4-ong;
7-{4-{{2,3-dihydrobenzoib]i1,4]dioxin-6-yloxy}piperidin-1-yl-4-d}-&-methyl-2-
{trifluoromethyl}-4H-pyrimidol1,2-blpyridazin-4-one;
7-{4-{{2 3-dihydrobenzoiblil,4]dioxin-G-yijoxylpiperidin-1-yl-4-d}-3-fiuoro-2,8-dimethyi-4H-
pyrimidoil,2-blpyridazin-d-one;
7-{{3R,4R}-4-{{2,3-dihydrobenzolbi[1,4]dioxin-6-y1-2,2,3,3-d4)oxy}-3-fluoropiperidin-1-yi}-
2, 8-dimethyi-4H-pyrimido{1,2-blpyridazin-4-ong;
2,8-dimethyi-7-{4-{{c-methyipyridin-3-yljoxylpiperidin-1-yi}-4H-pyrimidoi1,2-
blpyridazin-d-one;
7-{{3R,4R}-4~{benzo{d]{1,3]dioxol-5-yloxy}-3-flucropiperidin-1-y1}-8-methyi-4H-
pyrimidoil,2-blpyridazin-4-one;
7-{{3R,4R}-3-fluoro-4-{isochroman-G-yloxylpiperidin-1-yli-8-methyl-4H-pyrimido[1,2-
blpyridazin-4-one;
7-{{3R,4R}-4-{{3,4-dihydro-2H-benzoib][1,4]dioxepin-7-vijoxy}-3-fluoropiperidin-1-yi}-&-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;
7-{{3R,4R}-4-{{2,3-dihydrobenzofuran-S-yijoxy}-3-flucropiperidin-1-vi}-8-methyl-4H-
pyrimido{l,2-b]pyridazin-4-ong;
7-{{3R AR}-4-{chroman-7-yvioxy}-3-flucropiperidin-1-yl}-&-methyl-4H-pyrimido[ 1, 2-
blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzolb}{1,4]dioxin-6-yi-2,2,3,3-ddloxyipiperidin-1-v1}-2,8,8-trimethyl-
4H-pyrimidoll,2-blpyridazin-d-one;
7-{4-{benzo[di[1,3]dioxol-S-vioxy)piperidin-1-yi-4-d}-2,8-dimethyl-4H-pyrimido[1,2-

bloyridazin-4-one;
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7-{4-{{3,4-dihydro-2H-benzo[b][1,4]dioxepin-7-yljoxyipiperidin-1-yi-4-d}-2,8-dimethyi-
4H-pyrimidoll,2-blpyridazin-d-one;
7-{4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yloxyipiperidin-1-yl-4-d}-2,3,8-trimethyl-4H-
pyrimido{l,2-blpyridazin-4-one;
2-{difluoromethyl}-7-{4-{{2,3-dihvdrobenzoib][1,4]dioxin-G-yljoxyipiperidin-1-yi-4-d}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-4-ong;
7-{4-{{2,3~dihydrobenzolb}{1,4]dioxin-6-yl}oxyipiperidin-1-yi-4-d}-2,8-dimethyl-4H-
pyrimidoil,2-blpyridazin-4-one;
7-{4-{benzo{d]{1,3idioxal-5-vioxyipiperidin-1-yi-4-d}-8-methyi-2-{trifluoromethyh-4H-
pyrimidoil,2-blpyridazin-d-one;
7-{4-{{3,4-dihydro-2H-benzol[b][1,4]dioxepin-7-ylioxyipiperidin-1-yi-4-d}-8-methyi-2-
{trifluoromethyll-4H-pyrimide[1,2-b]pyridazin-4-one;
2-{difluoromethyl}-7-{4-{{2,3-dihvdrobenzoib]|1,4idioxin-6-yi-2,2,3,3-d4 Joxyipiperidin-1-
yi-4-d}-8-methyl-4H-pyrimido[1, 2-bipyridazin-4-one;
7-{4-{benzo|d][1,3]dioxol-S-yioxylpiperidin-1-yi-4-d}-2-{difluoromethyl}-8-methyl-4H-
pyrimidoil,2-blpyridazin-4-one;
2-{difluoromethyl}-7-{4-{{3,4-dihydro-2H-benzolb]{1,4|dioxepin-7-yl}oxyipiperidin-1-yl-
4-d}-8-methyl-4H-pyrimidol1,2-blpyridazin-4-oneg;
7-{4-({2,3-dihydrobenzo{bi[1,4]dioxin-6-y-2,2,3,3-d4}oxyipiperidin-1-vi}-8,9-dimethyl-2-
{trifluoromethyl}-4H-pyrimide[1,2-b]pyridazin-4-one;
2-{difluoromethyl}-7-{4-{{2,3-dihvdrobenzoib]|1,4idioxin-6-yi-2,2,3,3-d4 Joxyipiperidin-1-
vi}-8,8-dimethyl-4H-pyrimido[1,2-blpyridazin-d-one;
7-{4-{benzold}{1,3idioxal-5-vioxyipiperidin-1-yi-4-d}-8-methyl-4H-pyrimido|1,2-
blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzoibi[1,4]dioxin-6-yi-2,2,3,3-d4}oxyipiperidin-1-yi-4-d}-8,9-
dimethyl-dK-pyrimide{1,2-b]pyridazin-4-one;
7-{4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-ylloxyipiperidin-1-yl-4-d}-8,9-dimethyl-4H-

pyrimido{l,2-b]pyridazin-4-one;
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7-{4-{{2,3-dihydrobenzolb}il,4]dioxin-6-yljoxyipiperidin-1-y1}-8,9-dimethyl-4H-
pyrimidoil,2-blpyridazin-d-one;
7-{4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yi-2,2,3,3-d4joxy)piperidin-1-vi}-8,9-dimethyl-
4H-pyrimidol[l,2-b]pyridazin-d-one;
2,8-dimethyi-7-{4-{{1-0x0-1,2,3 4-tetrahydroisoquinoiin-7-yhoxypiperidin-1-yi}-4H-
pyrimido{l,2-b]pyridazin-4-ong;
2,8-dimethyl-7-{4-{{2-methyi-1-0x0-1,2,3,4-tetrahydroisoquinolin-7-ylloxyipiperidin-1-
vil-4H-pyrimido(1, 2-bipyridarin-4-one;
2,8-dimethyi-7-{4-{{Z-methyi-1-oxa-1,2,3,4-tetrahydroisoquinolin-6-yiloxylpiperidin-1-
vil-dH-pyrimido[l, 2-bipyridazin-4-oneg;
7-{4-{{6-methoxy-5-methyipyridin-3-ylloxyipiperidin-1-yi-8-methyl-4H-pyrimido[1,2-
blpyridazin-4-one;
7-{4-{{6-{methoxymethyhpyridin-3-vioxyipiperidin-1-y{}-8-methyl-4H-pyrimido[1,2-
blpyridazin-d-one;
8,9-dimethyl-7-(4-{p-tolvlioxylpiperidin-1-yl}-4H-pyrimido[1, 2-b]pyridazin-4-one;
2-{difluoromethvi}-8,9-dimethyi-7-{4-{{6-methylpyridin-3-ylJoxyipiperidin-1-yi}-4H-
pyrimidoil,2-blpyridazin-d-one;
7-{4-{4-chloropheanoxylpiperidin-1-yi-2-{diflucromethyl}-8,9-dimethyl-dH-pyrimido[1,2-
blpyridazin-4-one;
8,9-dimethyl-7-{4-{4-{trifluoromethyliphenoxyipiperidin-1-yvi-4H-pyrimido{1,2-
bloyridazin-4-one;
2-{difluoromethyl}-8,9-dimethyl-7-{(4-{4-{trifluoromethyliphenoxy)piperidin-1-yl}-4H-
pyrimidoil,2-blpyridazin-4-one;
2,8-dimethyi-7-{4-{{1-0ox0-1,2,3,4-tetrahydroisoquinoiin-6-ylioxy)piperidin-1-yi}-4H-
pyrimidoil,2-blpyridazin-d-one;
7-{4-{4-fluorophenoxyipiperidin-1-y1}-8,9-dimethyh4H-pyrimidoi 1, 2-b]pyridazin-4-ong;
2-{difluoromethyl}-7-{4-{4-fluorophenoxy)piperidin-1-yi}-8,9-dimethyl-4H-pyrimido[1,2-
bipyridazin-4-one;
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2-{difluoromethyl}-& 9-dimethyl-7-{4-{p-tolyloxy)piperidin-T-yi}-4H-pyrimido{i,2-
blpyridazin-4-one;
8,9-dimethyl-7-{4-{{6-methylpyridin-3-ylioxy}piperidin-1-yl}-4H-pyrimido{1,2-
blpyridazin-4-one;
8,9-dimethyi-7-{4-{{&-methylpyridin-3-vljoxylpiperidin-1-yi}-4H-pyrimido{1,2-
blpyridazin-d-one;
7-{4-{3-fluoro-4-methyiphenoxylpiperidin-1-yl}-8-methyl-4H-pyrimido[1,2-b] pyridazin-4-
one;
7-{4-{4-ethyiphenoxyipiperidin-1-yi}-8-methyl-4H-pyrimido[1, 2-bjpyridazin-4-one;
7-{4-{4-isopropyiphenoxy)piperidin-1-yi}-8-methyl-4H-pyrimido{1, 2-bipyridazin-4-one;
&-methyl-7-{4-{4-propylphenoxylpiperidin-1-yl}-4H-pyrimido[1,2-blpyridazin-4-one;
g-methyi-7-{4-{p-tolyloxyipiperidin-i-yl-4-d}-4H-pyrimidoll, 2-bipyridazin-4-one;
7-{4-{{6-{methoxymethyi}-5-methylipyridin-3-yhoxy)piperidin-1-yl}-8-methyl-4H-
pyrimido{l,2-b]pyridazin-4-ong;
7-{4-{{2,3~dihydrobenzo[b}i1,4]dioxin-6-yl}oxyipiperidin-1-yl}-2-ethyl-8,8-dimethyi-4H-
pyrimidoil,2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzolb}il,4]dioxin-6-yljoxyipiperidin-1-yl}-2-isopropyi-8,9-dimethyi-
4H-pyrimidoll,2-blpyridazin-d-one;
7-{4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-ylloxyipiperidin-1-yl}-2-{methoxymethyl}-&,9-
dimethyi-4H-pyrimidol1,2-blpyridazin-4-one;
&-cyclopropyi-7-{4-{{2,3-dithydrobenzolb}{1,4]dioxin-6-yl}oxy}piperidin-1-yi}-8-methyi-
AH-pyrimideol1,2-b]pyridazin-d4-one;
g-cyclopropyl-7-{4-{{2,3-dihydrobenzofb}{1,4]dioxin-6-yl}oxylpiperidin-1-yi}-8-methyl-
4H-pyrimido[1,2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzolb}il,4ldioxin-6-yi-2,2,3,3-d4}oxyipiperidin-1-yi-4-d}-2,8,9-
trimethyl-dH-pyrimido{l,2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzolb}{1,4]dioxin-6-yi-2,2,3,3-d4}oxyipiperidin-1-vi-4-d}-8,9-

dimethyl-2-(trifluoromethyl}-4H-pyrimido[1,2-bipyridazin-d-one;
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7-{4-{{2,3-dihydrobenzolb}{1,4]dioxin-6-yi-2,2,3,3-d4}oxyipiperidin-1-yi-4-d}-2-
isopropyl-8,9-dimethyl-dH-pyrimido[1,2-blpyridazin-4-one;
9-cyclopropyl-7-{4-{{2,3-dihydrobenzo[b]{1,4]dioxin-6-yl-2,2,3,3~d4 }oxypiperidin-1-yi-4~
d}-&-methyl-dH-pyrimido|1,2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzolbi{1,4]dioxin-6-vi-2,2,3,3-dd}oxyipiperidin-1-yi-4-d}-2-athy!-8,9-
dimethyl-dH-pyrimido{l,2-blpyridazin-d-one;
7-{4-{{2,3~dihydrobenzolb}{1,4]dioxin-6-yi-2,2,3,3-ddloxyipiperidin-1-yl}-2-isopropyi-8,9-
dimethyi-4H-pyrimido{1,2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenrolb}{1,4]dioxin-6-yi-2,2,3,3-ddloxyipiperidin-i-yi}-2-ethyi-8,9-
dimethyl-dH-pyrimide{1,2-b]pyridazin-4-one;
2-{cyclopentylmethyl}-7-{4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-v1-2,2,3,3-
ddioxyipiperidin-1-yi-4-d}-8,9-dimethyl-4H-pyrimido[1,2-b]pyridazin-4-one;
7-{4-{{2,3-dihydrobenzolbi{1,4]dioxin-6-vi-2,2,3,3-dd}oxyipiperidin-1-yl-4-d}-8-
{methoxymethyl}-8-methyl-4H-pyrimidof1,2-b]pyridazin-4-one;
7-{4-{{2,3~dihydrobenzolb}{1,4]dioxin-6-y|-2,2,3,3-dd}oxy)piperidin-1-yi}-&-
{methoxymethyl}-9-methyl-4H-pyrimido{1,2-b]pyridazin-4-one;
7-{4-{{2,3-dihydrobenzolb}{1,4]dioxin-6-yi-2,2,3,3-d4}oxyipiperidin-1-yi-4-d}-9-
{methoxymethyl-8-methyl-4H-pyrimide{1,2-b]pyridazin-4-one;
7-{4-{{2,3-dihydrobenzolb}{1,4]dioxin-6-yil-2,2,3,3-d4ioxy}piperidin-1-yi}-9-
{methoxymethyl}-8-methyl-4H-pyrimidoll,2-blpyridazin-4-one;
&-cyclopropyl-7-{4-{{2,3-dithydrobenzolb]{1,4ldioxin-6-y1-2,2,3,3-d4 }oxy)piperidin-1-yi-4-
d}-8-methyl-4H-pyrimido[1, 2-bipyridarin-4-one;
8-cyclopropyi-7-{4-{{2,3-dihydrobenzolbi|1,4]dioxin-6-y1-2,2,3,3-d4d}oxyipiperidin-1-vi}-
S-methyl-dH-pyrimido[1,2-blpyridazin-d-one;
7-{{2R AR}-4-{{2,3-dihydrobenzoib][1,4]dioxin-G-yloxyi-2-methyipiperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-d-one;
7-{{2R,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-ylioxy}-2-methylpiperidin-1-yi}-&-

methyl-4H-pyrimidel1,2-b]pyridazin-4-one;
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7-{{2R,45}-4-{{2,3-dihydrobenzoib]1,4]dioxin-6-ylioxy}-2-methylpiperidin-i-yi}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-d-one;
7-{4-{{2,3-dihydrobenzo{bi[1,4]dioxin-6-yi-2,2,3,3-d4}oxyipiperidin-1-yi-4-d}-2-
{methoxymethyl}-8-methyl-4H-pyrimido[1,2-b]pyridazin-4-one;
7-{4-{{2,3-dihydrobenzoibi{1,4]dioxin-6-vi-2,2,3,3-d4joxypiperidin-1-yi}-2-
{methoxymethyl}-&-methyl-4H-pyrimidof1,2-b]pyridazin-d-one;
7-{4-{{2,3~dihydrobenzolb}{1,4]dioxin-6-yi-2,2,3,3-dd}oxyipiperidin-1-yi-4-d}-2-
{methoxymethyl}-&, 9-dimethyi-4H-pyrimidoi1,2-blpyridazin-4-one;
7-{{35,4R}-4-{{2,3-dihydrobenzoib][1,4]dioxin-6-yl-2,2,3,3-d4}oxy}-3-fluoropiperidin-1-
vil-&-methyi-dH-pyrimido{l,2-bipyridazin-4-ong;
7-{{3R,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yl-2,2,3,3-d4}oxy}-3-flucropiperidin-1~
yi}-&-methyi-dH-pyrimidoll,2-bipyridazin-4-one;
7-{{3R,45}-4-{(2,3-dihydrobenzoib][1,4]dioxin-5-yl}oxyi-3-methylpiperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-4-ong;
7-{{3R,4R}-4-{{2, 3-dihydrobenzolb][1,4]dioxin-6~-ylioxy}-3-methyipiperidin-1-yi}-&-
methyl-dH-pyrimido[1, 2-blpyridazin-4-one;
7-{{3R,AR}-4-{{2,3-dihydrobenzoib][1,4]dioxin-5-yloxyi-3-methyipiperidin-1-yi}-8-
methyl-dH-pyrimidol1,2-b]pyridazin-d-one;
7-{{2R,4R}-4-{{2,3-dihydrobenzolb][41,4]dioxin-6-vljoxyi-2-methyipiperidin-1-yi}-8-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;
7-{{35,45}-4-{{2,3-dihydrobenzoib]{1,4]dioxin-6-yl-2,2,3, 3-d4}oxy}-3-fluoropiperidin-1-
vi}-8,8-dimethyl-4H-pyrimido[1,2-blpyridazin-d-one;
7-{{35,4R}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yl-2,2,3,3-d4 oy }-3-fluoropiperidin-1-
vi}-8,9-dimethyl-dH-pyrimido| 1, 2-b]pyridazin-4-one;
7-{{3R,45}-4-{{2,3-dihydrobenzoib][1,4]dioxin-6-yl-2,2,3,3-d4}oxy}-3-fluoropiperidin-1-
vi}-8,9-dimethyl-dH-pyrimido[l, 2-b]pyridazin-4-one;
7-{{35,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-y1-2,2,3, 3-dd}oxy}-3-fluoropiperidin-1-

yi}-2-{methoxymethyil-8,8-dimethyl-dH-pyrimido[1,2-blpyridazin-4-one;
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7-{{35,4R}-4-{{2,3-dihydrobenzoib][1,4]dioxin-6-yl-2,2,3,3-d4}oxy}-3-fluoropiperidin-1-
vil-2-{methoxymethyi}-8,8-dimethyl-4H-pyrimido[1,2-bipyridazin-d-one;
7-{{3R,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-y1-2,2,3,3-d4}oxy}-3-flucropiperidin-1~
yi}-2-{methoxymethyil-8,9-dimethyl-dH-pyrimide[1,2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzolbi{1,4]dioxin-6-vi}oxy)piperidin-1-yl}-8-methyi-8-
{methylamino}-4H-pyrimidoll, 2-blpyridazin-4-oneg;
7-{{3R,4R}-4~{{2,3-dihydrobenzolb][1,4]dioxin-6-yl-2,2,3,3~-d4}oxy}-3-flucropiperidin-1~
vil-2-{methoxymethyi}-8,9-dimethyl-4H-pyrimido[1,2-b]pyridazin-d-one;
7-{{3R,4R}-4-{{2,3-dihydrobenroib][1,4]dioxin-6-yl-2,2,3, 3-d4}oxy}-3-fluoropiperidin-1-
vil-2-{methoxymethyi}-8-methyl-dH-pyrimido(l, 2-blpyridazin-4-one;
7-{4-{{2,3-dihydrobenzolbl{1,4]dioxin-6-yhoxyipiperidin-1-yl}-8-methoxy-8-methyl-4H-
pyrimido{l,2-blpyridazin-4-one;
S-{azetidin-1-yi}-7-{4-{{2,3-dihydrobenzoibi1,4]dioxin-6-yi}oxylpiperidin-1-yi}-8-methyi-
AH-pyrimideol1,2-b]pyridazin-d4-one;
7-{{3R,4R}-4~{{2,3-dihydrobenzolb][1,4]dioxin-6-yl-2,2,3,3~-d4}oxy}-3-flucropiperidin-1~
vi}-8,9-dimethyl-dH-pyrimidol1, 2-b]pyridazin-4-one;
7-{{2R,45}-4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yl-2,2,3,3-d4}oxy}-2-methyipiperidin-1-
vi-&-methyi-dH-pyrimido{l,2-bipyridazin-4-ong;
7-{{2R,45}-4-{{8&-fluoro-2,3~dihydrobenzo[bl{1,41dioxin-6-yl-2,2,3,3-d4)oxy}-2-
methylpiperidin-1-vi}-8-methyi-4H-pyrimido[1,2-b]pyridazin-4-one;
7-{{2R,45}-4-{{8-Tiuoro-2,3-dihydrobenzobi{l,4]dioxin-6-ylloxy}-2-methylpiperidin-1-yi}-
S-methyl-dH-pyrimido[1,2-blpyridazin-4-one;
7-{{2R,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-yl-2,2,3,3-d4}oxy}-2-methyipiperidin-1-
vi}-8,9-dimethyl-dH-pyrimido| 1, 2-b]pyridazin-4-one;
7-{{2R,45}-4-{{2,3-dihydrobenzolb]{1,4]dioxin-6-yl-2,2,3,3-d4}oxy}-2-methyipiperidin-1-
vil-2-{methoxymethyi}-8,8-dimethyl-4H-pyrimido[1,2-bipyridazin-d-one;
7-{{2R,45}-4-{{2,3-dihydrobenzolb][1,4]dioxin-6-ylloxy}-2-methylipiperidin-i-yi}-8,9-
dimethyl-4H-pyrimido{1,2-blpyridazin-d-one;

— 178 —



WO 2022/015988 PCT/US2021/041836

7-{4-{{8-fluore-2,3-dihydrobenzol bl 1,4]dioxin-8-vljoxy)piperidin-1-yi}-8-methyi-4H-
pyrimidoil,2-blpyridazin-d-one;

7-{4-{{8-fluoro-2,3-dihydrobenzob][1,4]dioxin-6-y1-2,2,3,3-d4}oxy)piperidin-1-yi}-8-
methyl-4H-pyrimidoll,2-blpyridazin-4-one;

7-{4-{{2,3-dihydrobenzolbi{l,4]dioxin-6-y1-2,2,3,3-d4)oxy}piperidin-1-yi-2,2,6,56-d4}-8-

methyl-dH-pyrimido[1,2-blpyridazin-4-one; or a pharmaceutically acceptable salt thereof.

39. A pharmaceutical composition comprising a compound of any one of claims 1 10 38, or a

pharmaceutically acceptable salt thereot, and & pharmaceutically accaptable carrier.

40. A method for treating a neurological and/or psychiatric disorder in a patient in need
thereof, comprising administering to the patient a therapeutically effective amount of a
compound, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition

according to any one of claims 1 to 39.

41. The method of claim 40, wherein the disorder is selected from Alzheimer's disease,
schizophrenia, a sleep disorder, borderiine personality disorder, Tourette's syndrome,
bipolar disorder, tardive dyskinesia, Huntington’s disease, a pain disorder, and a cognitive

disorder.

42. The method of claim 40, wherein the disorder is selected from psychosis, schizophrenia,
conduct disorder, disruptive behavior disorder, bipolar disorder, psychotic episodes of
anxiety, anxiety associated with psychosis, mood disorders associated with psychotic
disorders, acute mania, 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 Parkinson’s disease, tardive dyskinesia, drug induced and
neurodegeneration based dyskinesias, attention deficit hyperactivity disorder, cognitive

disorders, dementias, and memory disorders.

43. The method of any one of claims 40 to 42, wherein the disorder is associated with
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muscarinic acetylcholine recaptor M4 dysfunction,

. A compeund, or a pharmaceutically acceptable salt thereof, according to any one of claims

110 38 for use in therapy.

A compound, or a pharmaceutically acceptabie salt thereof, or a pharmaceutical
composition according 1o any one of claims 1 to 39 for use in the treatment of a disorder
selected from Alzheimer's disease, schizophrenia, a sleep disorder, borderline personality
disorder, Tourette's syndrome, bipolar disorder, tardive dyskinesia, Huntington’s disease, a

pain disorder, and a cognitive disorder.

A compound, or a pharmaceutically acceptabie salt thereof, or a pharmaceutical
composition according 1o any one of claims 1 to 39 for use in the treatment of a disorder
selected from psychosis, schizophrenia, conduct disorder, disruptive behavior disorder,
bipolar disorder, psychotic episodes of anxiety, anxiety associated with psychosis, mood
disorders associated with psychotic disorders, acute mania, depression associated with
bipolar disorder, mood disorders associated with schizophrenia, behavioral manifestations
of mental retardation, autistic disorder, movement disorders, Touretta's syndrome,
akinetic-rigid syndrome, movement disorders associated with Parkinson's disease, tardive
dyskinesia, drug induced and neurodegeneration based dyskinesias, attention deficit

hyperactivity disorder, cognitive disorders, dementias, and memory disorders.

Use of a compound or a pharmaceutical composition according to any one of claims 110 38,
or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of a disorder selected from Alzheimer's disease, schizophrenia, borderline
personality disorder, Tourette's syndrome, bipolar disorder, tardive dyskinesia,

Huntington's disease, a sleep disorder, a pain disorder, and a cognitive disorder.

Use of a compound or a pharmaceutical composition according to any one of claims 110 38,
or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the

treatment of a disorder selected from psychosis, schizophrenia, conduct disorder, disruptive
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behavior disorder, bipolar disorder, psychotic episades of anxiety, anxiety associated with
psychosis, mood disorders associated with psychotic disorders, acute mania, depression
associated with bipolar disorder, mood disorders associated with schizophrenia, behavioral
manifestations of mental retardation, autistic disorder, movement disorders, Touretie's
syndrome, akinetic-rigid syndrome, movemaent disorders associated with Parkinson's
diseass, tardive dyskinesia, drug induced and neurodegeneration based dyskinesias,
attention deficit hyperactivity disorder, cognitive disorders, dementias, and memory

disorders.
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1

101

DNA

Capsicum annuum

1

aggcacggac gaagccagcc actattgtca ttaagcatat ttcatgagtt taatatctgt

tggattaaga aacataccca ttcaagtact gctcctttct g

<210>
<211>
<212>
<213>

<400>

2

lo1

DNA

Capsicum annuum

2

aggcacggac gaagccagcc actattgtca ttaagcatat ttcatgagtt caatatctgt

tggattaaga aacataccca ttcaagtact gctcctttct g

<210>
<211>
<212>
<213>

<400>

3

101

DNA

Capsicum annuum

3

tatggttcag cgtttaagat ttgatcaaat tttagtgttg tttgcatgta tatattgttc

cctttttaaa gatactagtt caattgaacg ctcatagatt g

<210>
<211>
<212>
<213>

<400>

4
lo1
DNA
Capsicum annuum

4

60

101

60

101

60

101



tatggttcag cgtttaagat ttgatcaaat tttagtgttg tttgcatgta catattgttc

cctttttaaa gatactagtt caattgaacg ctcatagatt g

<210> 5

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 5
gaataacaaa tatatagaag taggagactt atcaatttta ctccttttta ataaaaaaat

aaataaataa atattatagt aacttcatta atgatactga t

<210> 6

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 6
gaataacaaa tatatagaag taggagactt atcaatttta ctccttttta gtaaaaaaat

aaataaataa atattatagt aacttcatta atgatactga t

<210> 7

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 7
gttactcccg ccgtttgett ttacttgtca ctaatttcct aattgtattt ctatttttac

ttatcatttt tgacatatca agaaaagaca acttcttttt t

<210> 8

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 8
gttactcccg cegtttgett ttacttgtca ctaatttcct aattgtattt ttatttttac

ttatcatttt tgacatatca agaaaagaca acttcttttt t

<210> 9

<211> 101

<212> DNA

<213> Capsicum annuum

60

101

60

101

60

101

60

101

60

101



<400> 9
tataagaagt gtcctgttac tgtccttcat caggtcatat gtgttgatct aattgagata

gatatagttg attttgatgt cattctgggt atagattggt t

<210> 10

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 10
tataagaagt gtcctgttac tgtccttcat caggtcatat gtgttgatct gattgagata

gatatagttg attttgatgt cattctgggt atagattggt t

<210> 11

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 11
gttctgaaca tattatacac ataaattgaa ttattcttgc attggtctct atcttctcaa

tgaacaaaga aagaaggtat taagggatca tttggtagta g

<210> 12

<211> 1e1

<212> DNA

<213> Capsicum annuum

<400> 12
gttctgaaca tattatacac ataaattgaa ttattcttgc attggtctct gtcttctcaa

tgaacaaaga aagaaggtat taagggatca tttggtagta g

<210> 13

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 13
aaaatggact gttcacgcac aaacaatcat gcaaatggcc aaccacataa gcatcgtcga

tcaacgatcg cagaatttgc tgttatcggg gtatcatacg c

<210> 14

<211> 101

<212> DNA

<213> Capsicum annuum

60

101

60

101

60

101

60

101

60

101



<400> 14
aaaatggact gttcacgcac aaacaatcat gcaaatggcc aaccacataa ccatcgtcga

tcaacgatcg cagaatttgc tgttatcggg gtatcatacg c

<210> 15
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 15
caagtctagt agatcctttt gatcctcaag ttcaactgaa ctactaccca ggtccttcaa

caatccactc tctttcatca gtgttcgaat tttctctgca t

<210> 16
<211> 101
<212> DNA

<213> Capsicum annuum

<400> 16
caagtctagt agatcctttt gatcctcaag ttcaactgaa ctactaccca agtccttcaa

caatccactc tctttcatca gtgttcgaat tttctctgea t

<210> 17
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 17
cattaaccga attaccataa caagaatcat cattctcatg aaatgaaaca caaacttcca

acaatgctct atacacattt tgtgaaatct tgaaatcttt t

<210> 18
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 18
cattaaccga attaccataa caagaatcat cattctcatg aaatgaaaca taaacttcca

acaatgctct atacacattt tgtgaaatct tgaaatcttt t
<210> 19

<211> 1e1
<212> DNA

60

101

60

101

60

101

60

101

60

101



<213> Capsicum annuum

<400> 19
acgcaaatga aagatttgat gatttcgagg tcggaaatgt ggccaagaat gttgcagatc

atatctacaa atatttcccw caagctgctt tacttctggt a

<210> 20
<211> 101
<212> DNA

<213> Capsicum annuum

<400> 20
acgcaaatga aagatttgat gatttcgagg tcggaaatgt ggccaagaat attgcagatc

atatctacaa atatttcccw caagctgctt tacttctggt a

<210> 21
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 21
tagtgttacc aggcctggaa ctatgaatgc tcaagcacga acaaaacatc gacaacgtgt

gcyagatgaa tcatccacat tggagctgtc ctctacatct g

<210> 22
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 22
tagtgttacc aggcctggaa ctatgaatgc tcaagcacga acaaaacatc aacaacgtgt

gcyagatgaa tcatccacat tggagctgtc ctctacatct g

<210> 23
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 23
ataaaatata aaagggtgta aaataaaaga accccataaa gcaaagaaaa tgaatttgcc

tcagaatcaa caagatttcc agaaagtcca gggccaccag g

<210> 24
<211> 101

60

101

60

101

60

101

60

101

60

101



<212> DNA
<213> Capsicum annuum

<400> 24
ataaaatata aaagggtgta aaataaaaga accccataaa gcaaagaaaa ggaatttgcc

tcagaatcaa caagatttcc agaaagtcca gggccaccag g

<210> 25

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 25
gagattgagg tctatgtaga tgatgtgatt caaagagtca ggctgaccat attaaagatt

taaaaaagtt ctttgaaagg cttcgcaggt ataatctcaa a

<210> 26

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 26
gagattgagg tctatgtaga tgatgtgatt caaagagtca ggctgaccat gttaaagatt

taaaaaagtt ctttgaaagg cttcgcaggt ataatctcaa a

<210> 27

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 27
ttattcagtt ccttagattt cccttgtgtc ttgcaaaaca gaagcttaac taactcttca

tgtccatcaa gaatgtgaag taggctttcc tccaagtacg g
<210> 28

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 28
ttattcagtt ccttagattt cccttgtgtc ttgcaaaaca gaagcttaac caactcttca

tgtccatcaa gaatgtgaag taggctttcc tccaagtacg g

<210> 29

60

101

60

101

60

101

60

101

60

101



<211> 101
<212> DNA
<213> Capsicum annuum

<400> 29
tgaagaggag gaccgcagag ctgagcattg ccactatagg atgatctatc gaaactctgg

agttgagtgc ttgttggaat tctccctgat aagtggttgt t

<210> 30

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 30
tgaagaggag gaccgcagag ctgagcattg ccactatagg atgatctatc aaaactctgg

agttgagtgc ttgttggaat tctccctgat aagtggttgt t

<210> 31

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 31
gccggtgectg agatggacgg cgtcagccat ggatgccgat gggggtcgtt gggttggtceg

ctggtgaagt ttgttgagag agagagtgag agtctagaga g

<210> 32

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 32
gccggtgetg agatggacgg cgtcagccat ggatgccgat gggggtcgtt tggttggtceg

ctggtgaagt ttgttgagag agagagtgag agtctagaga g
<210> 33
<211> 101

<212> DNA
<213> Capsicum annuum

<400> 33
aatatgtgga tagcttgaca tgtgctattt ctcagagagc acggagttgt tggtgatatg

agagatgctt ggccaaacgc tcgtgtgagg aaaaatgtat c

60

101

60

101

60

101

60

101

60

101



<210> 34

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 34
aatatgtgga tagcttgaca tgtgctattt ctcagagagc acggagttgt cggtgatatg

agagatgctt ggccaaacgc tcgtgtgagg aaaaatgtat c

<210> 35

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 35
ggtcatgtcc tcagtcagct gtaactgctc catgtcacgt ttaatcactt tcctccagta

tttcttcggt ctacccctge cccgecttgaa accgtccaag g

<210> 36

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 36
ggtcatgtcc tcagtcagct gtaactgctc catgtcacgt ttaatcactt ccctccagta

tttcttcggt ctacccctge cccgettgaa accgtccaag g

<210> 37

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 37
gaataatatt attatttttt ggtagaaagg acatgcatta atataaaaga aaacgcagtt

taagtttcaa tttttgacga ttagtcaggg ttcaaaaagg a

<210> 38

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 38
gaataatatt attatttttt ggtagaaagg acatgcatta atataaaaga gaacgcagtt

taagtttcaa tttttgacga ttagtcaggg ttcaaaaagg a

60

101

60

101

60

101

60

101

60

101



<210> 39

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 39
agactgagtt ggggaaagta aaatcaagag ggctgttctg taaatgagtc gtcgtttccg

ttgaactatc ttgaggcaaa tggctgctaa tgaaggattg a

<210> 40

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 40
agactgagtt ggggaaagta aaatcaagag ggctgttctg taaatgagtc atcgtttccg

ttgaactatc ttgaggcaaa tggctgctaa tgaaggattg a

<210> 41

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 41
aagggccgaa ctgcaaggat ctatcatgca cggtcatacc ctgcatttct acgagagact

gtttcatttc ctgcatttct gcaagagatt gtatccacac c

<210> 42

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 42
aagggccgaa ctgcaaggat ctatcatgca cggtcatacc ctgcatttct gcgagagact

gtttcatttc ctgcatttct gcaagagatt gtatccacac ¢

<210> 43

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 43
cccctgectec rtactagtag agtaattata cgtacctctt tgctatgatt tctttggaag

taagtcacca gtaatttgat cacaatccgc ctgtatatca c

60

101

60

101

60

101

60

101

60

101



<210> 44

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 44
cccctgecte rtactagtag agtaattata cgtacctctt tgctatgatt cctttggaag

taagtcacca gtaatttgat cacaatccgc ctgtatatca c

<210> 45

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 45
cgaggcaagt tgccacttat ctttggaaca acttcttggg gggacggtca gcaaatcgtc

cacttggtga tgccgtttta gatggaatag actttgatat t

<210> 46

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 46
cgaggcaagt tgccacttat ctttggaaca acttcttggg gggacggtca acaaatcgtc

cacttggtga tgccgtttta gatggaatag actttgatat t

<210> 47

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 47
atatggacag agatcatcac tgttgtggtt gtccaaatca tctatctagt ggtaagaaag

gagggagcag tgtcaagata gawgaacatg accaggataa c

<210> 48

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 48
atatggacag agatcatcac tgttgtggtt gtccaaatca tctatctagt agtaagaaag

60

101

60

101

60

101

60

101

60



gagggagcag tgtcaagata gawgaacatg accaggataa c

<210> 49

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 49
atgataagag gctgcaacct gttggaacag taaacctkct agcaagagtc gacaattctg

gttcctccga tagaacaaat gaggagggtg aagtttatga g

<210> 50

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 50
atgataagag gctgcaacct gttggaacag taaacctkct agcaagagtc aacaattctg

gttcctccga tagaacaaat gaggagggtg aagtttatga g

<210> 51

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 51
gataactgtt gctggtggga gatgacaggt atctcgtaga gttggtcgag atgcgcaagc

tggccccgat accatggtta tcaaaagaaa tagaagctag a

<210> 52

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 52
gataactgtt gctggtggga gatgacaggt atctcgtaga gttggtcgag gtgcgcaagce

tggccccgat accatggtta tcaaaagaaa tagaagctag a

<210> 53

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 53
ataatatcag gataacttat cccagaacaa ctaatcccag cataactaat tccggtataa

101

60

101

60

101

60

101

60

101

60



tttcagggta aaataacagt cccgggataa actttcaaaa a

<210> 54

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 54
ataatatcag gataacttat cccagaacaa ctaatcccag cataactaat cccggtataa

tttcagggta aaataacagt cccgggataa actttcaaaa a

<210> 55

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 55
tctgttaatg gagctcggaa gattcaatgt ccatgaagct attcaatctt acgttaatgg

aactcggaag attcaatttc cattaatgga actcgggatt a

<210> 56

<211> 1e1

<212> DNA

<213> Capsicum annuum

<400> 56
tctgttaatg gagctcggaa gattcaatgt ccatgaagct attcaatctt ccgttaatgg

aactcggaag attcaatttc cattaatgga actcgggatt a

<210> 57

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 57
ggaagctgaa atcaaattat tagacgggtt taggccaacg cgatctcaaa tattccagtc

attttcttgg acaaaattta aaatgacaat gcaagcttga t

<210> 58

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 58

101

60

101

60

101

60

101

60

101



ggaagctgaa atcaaattat tagacgggtt taggccaacg cgatctcaaa gattccagtc

attttcttgg acaaaattta aaatgacaat gcaagcttga t

<210> 59
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 59
ctatccagaa aataattcaa agttcaaatg tgaatcggag caaaaaggac ggaaaagctg

tagaaattgg tactgtagaa cttccttgtg tgattatata c

<210> 60
<211> 101
<212> DNA

<213> Capsicum annuum

<400> 60
ctatccagaa aataattcaa agttcaaatg tgaatcggag caaaaaggac agaaaagctg

tagaaattgg tactgtagaa cttccttgtg tgattatata c

<210> 61
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 61
aagaatagtt gctccatcaa crcgtacctr catgttgcca ataagagagg caaacagaaa

cagcccataa atgcagatta agatggctaa gagaatctcc c

<210> 62
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 62
aagaatagtt gctccatcaa crcgtacctr catgttgcca ataagagagg taaacagaaa

cagcccataa atgcagatta agatggctaa gagaatctcc c

<210> 63
<211> 1e1
<212> DNA

<213> Capsicum annuum

60

101

60

101

60

101

60

101

60

101



<400> 63
atcaaatgat ttataagcca aatgaaaaag aaaagcagga ccatacacct gaaatttcgc

agcccccacc agaagcaata taagagtttg gaccaaaagt t

<210> 64
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 64
atcaaatgat ttataagcca aatgaaaaag aaaagcagga ccatacacct taaatttcgc

agcccccacc agaagcaata taagagtttg gaccaaaagt t

<210> 65
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 65
atagctgctt aaaagtattt tttaaatcga ttagttgaac ttgaacacaa acacaaacta

attctaatca agctgatttt aaaatcttgg ccaaataaac a

<210> 66
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 66
atagctgctt aaaagtattt tttaaatcga ttagttgaac ttgaacacaa gcacaaacta

attctaatca agctgatttt aaaatcttgg ccaaataaac a

<210> 67
<211> 1e1
<212> DNA

<213> Capsicum annuum

<400> 67
ctttcagatt cagagacaac atcttaatca ttcagatgtg cattcagttt tagacctctg

aatcttaaaa aaaaacaaat gcagccgaac atattgttat t

<210> 68
<211> 101
<212> DNA

<213> Capsicum annuum

60

101

60

101

60

101

60

101

60

101



<400> 68
ctttcagatt cagagacaac atcttaatca ttcagatgtg cattcagttt cagacctctg

aatcttaaaa aaaaacaaat gcagccgaac atattgttat t

<210> 69

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 69
aggttgatct agaccagcta gaaactttat atagacctct tattgcaaat gtccttgcaa

aaagacattg ttcacatcaa attgggaaat atcccacctt t

<210> 70

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 70
aggttgatct agaccagcta gaaactttat atagacctct tattgcaaat ttccttgcaa

aaagacattg ttcacatcaa attgggaaat atcccacctt t

<210> 71

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 71
ggagaaggtt tcattgaaat caatcccttc cttttgaatg tcacctcgaa ccaccaatct

agcctttagt ctctcaagag taccatttgc atgttgttta a

210> 72

<211> 1e1

<212> DNA

<213> Capsicum annuum

<400> 72
ggagaaggtt tcattgaaat caatcccttc cttttgaatg tcacctcgaa tcaccaatct

agcctttagt ctctcaagag taccatttge atgttgttta a
<210> 73

<211> 1e1
<212> DNA

60

101

60

101

60

101

60

101

60

101



<213> Capsicum annuum

<400> 73
acacactgct ggaaattact cgacgacttg attgcatcag aggataatga tattggtgtt

caggtgagag tgatggatcc acggtgtaaa ttccatgaca t

<210> 74

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 74
acacactgct ggaaattact cgacgacttg attgcatcag aggataatga cattggtgtt

caggtgagag tgatggatcc acggtgtaaa ttccatgaca t

<210> 75

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 75
tgtcattaac tttaattctt atgcaaaatt tggtaggtga gggcaggaaa aacaaaggag

Caacagagaa aaccaataat ctcccttgca acrtaagact t

<210> 76

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 76
tgtcattaac tttaattctt atgcaaaatt tggtaggtga gggcaggaaa gacaaaggag

caacagagaa aaccaataat ctcccttgca acrtaagact t
210> 77

<211> 101

<212> DNA

<213> Capsicum annuum

<400> 77
ggaatgcaaa agctatgcag gcatcctgta tttcaactga gtaagccagt caagaagagc

agacttatcg ggattgtaaa tagtaggaga ggaggcggag a

<210> 78
<211> 101

60

101

60

101

60

101

60

101

60

101



<212> DNA
<213> Capsicum

<400> 78

annuum

ggaatgcaaa agctatgcag gcatcctgta tttcaactga gtaagccagt gaagaagagc

agacttatcg ggattgtaaa tagtaggaga ggaggcggag a

<210> 79

<211> 101
<212> DNA
<213> Capsicum

<400> 79

annuum

ctggcagaga agattcagag aaatgtgtga cactgaaacc agattagatc agcctacaca

tctaccataa ttagtgcaag atatggcctt tcaaacaatc t

<210> 80

<211> 101
<212> DNA
<213> Capsicum

<400> 80

annuum

ctggcagaga agattcagag aaatgtgtga cactgaaacc agattagatc ggcctacaca

tctaccataa ttagtgcaag atatggcctt tcaaacaatc t

<210> 81

211> 440
<212> PRT
<213> Capsicum

<400> 81
Met Ala Phe Ala
1

Phe Ile Lys Pro
20

Leu Ser Phe Ile
35

Phe Phe Tyr Pro
50

annuum

Leu Pro Ser Ser Leu Val Ser Val Cys Asn Lys Ser
5 10 15

Ser Ser Leu Thr Pro Ser Thr Leu Arg Phe His Lys
25 30

Asp Gln Ser Leu Ser Asn Met Tyr Ile Pro Cys Ala
40 45

Lys Val Gln Gln Arg Leu Glu Asp Ser Lys Asn Ser
55 60

60

101

60

101

60

101



Asp

65

Thr

Thr

Lys

Glu

Gly

145

Ile

Leu

Thr

Ser

Leu

225

Asp

Thr

Ala

Glu

Leu

Val

Cys

Ser

130

Gly

Ala

Leu

Thr

Thr

210

Asn

Ala

Arg

Ser

Leu

Val

Asp

Ser

115

Ile

Asn

Ile

Asn

Thr

195

Gln

Gln

Leu

Ala

Ser
275

Ser

Ser

Cys

100

Met

Val

Leu

Ser

Phe

180

Leu

Lys

Cys

Arg

Glu

260

Ser

His

Tyr

85

Asn

Ser

Leu

Leu

Val

165

Leu

Val

Tyr

Val

Ala

245

Val

Met

Ile

70

Tyr

Asp

Glu

Pro

Val

150

Cys

Asn

Pro

Gly

Gln

230

Lys

Val

Leu

Ala

Pro

Met

Ile

Lys

135

Val

Phe

Asp

Ser

Ser

215

Lys

Val

Ser

Pro

His

Tyr

Gly

Leu

120

Asp

Gln

Ser

Trp

Pro

200

Leu

Arg

Ala

Ala

Ser
280

Leu

Ala

Ala

105

Asp

Leu

Val

His

Ser

185

Arg

Ile

Leu

Glu

Leu

265

Lys

Leu

Gly

90

Glu

His

Pro

Ser

Lys

170

Ser

Phe

Thr

Ile

Glu

250

Leu

Leu

Gln

75

Lys

Phe

Pro

Trp

Lys

155

Ile

Val

Val

Pro

Phe

235

Ser

Phe

Val

Thr

Leu

Leu

His

Ala

140

Phe

Gly

Thr

Gly

Gln

220

Pro

Gly

Lys

His

Ser

Lys

Ser

Ala

125

Asn

Asp

Asp

Arg

Asp

205

Ile

Thr

Val

Cys

Phe
285

Leu

Asp

Val

110

Ser

Asn

Cys

Gly

Asp

190

Ser

Leu

Asp

Lys

Ala

270

Leu

Ser

Asn

95

Arg

Leu

Cys

Gly

Cys

175

His

Val

Ser

Lys

Asn

255

Thr

Asn

Gln

80

Ala

Ile

Ala

Glu

Gly

160

Ser

Thr

Phe

Asp

Leu

240

Pro

Lys

Ile



Arg

Ser

305

Pro

Lys

Met

Val

Phe

385

Lys

Ala

Glu

Thr

290

Ser

Thr

Asp

Arg

Tyr

370

Gly

Asn

Arg

Glu

Met

Ile

Leu

Gln

Glu

355

Thr

Trp

Ala

Val

Leu
435

Ile

Phe

Val

Val

340

Gly

Cys

Gly

Phe

Met

420

Phe

Lys

Ser

Arg

325

Glu

Lys

Ser

Arg

Phe

405

Leu

Glu

Pro

Ile

310

Asn

Gln

Leu

Asn

Pro

390

Leu

His

Phe

Arg

295

Glu

Leu

Asn

Pro

Leu

375

Glu

Lys

Lys

Ile

Leu

Ala

Arg

Glu

Phe

360

Cys

Arg

Asp

Gln

Ala
440

Pro

Thr

Lys

Leu

345

Glu

Lys

Val

Tyr

Gln
425

Arg

Asn

Glu

330

Ile

Asn

Tyr

Cys

Lys

410

Met

Asn

Met

315

Val

Leu

Met

Pro

Leu

395

Ala

Ser

Ala

300

Gln

Glu

Glu

Asp

Tyr

380

Gly

Gly

Glu

Ile

Asp

Val

Val

Gly

365

Tyr

Asn

Gln

Phe

Gly

Met

Ala

Val

350

Tyr

Thr

Gly

Gly

Glu
430

Asn

Glu

Tyr

335

Glu

Lys

Val

Pro

Val

415

Arg

Leu

Leu

320

Lys

Ser

Asn

Asp

Ser

400

Glu

Asn
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