1 (R -4((44(4- ( TETRAHYDROFU RAN - 3- YLOXY) BENZOF DI | SOXAZOL- 3-

YLOXY) METHYL) PIP ERIDIN -1 -YL) METHYL) TETRAHYDRO 2H PYRAN -4- OL A PARTI AL
AGONI ST GFO20HTW177RECEPTORS FI ELD OF THE | NVENTI ON 5 PCT/IB20Tlvesopssesent
invention is directed to (R)-4-((4-((4-(tetrahydrofuran-3-

yl oxy) benzo[ d] i soxazol - 3-yl oxy) net hyl ) pi peri di n- 1-y1) net hypt et r ahydr o- 2Hpyr
an-4-ol and pharnaceutically acceptable salts thereof. This invention also
is directed, in part, to a nethod for treating a 5-HT4 nedi ated di sorder in
a 10mammal . Such di sorders include acute neurological and psychiatric

di sorders, stroke, cerebral ischem a, spinal cord trauma, head traunm,
perinatal hypoxia, cardiac arrest, hypoglycem c neuronal damage, denentia,
Al zhei ner' s di sease, Huntington's Choreal anyotrophic |ateral sclerosis,
ocul ar damage, retinopathy, cognitive disorders, idiopathic and drug-

i nduced Par ki nson's 15di sease, nuscul ar spasns and di sorders associ at ed

convul s ons, . SeeHHEHIEIRARVBRFURR S S BERCRIDUEBRASELS: .5 ance
T - B YL

wi t hdrawal , ps -4-gem nal

neural gi a, hearing Ioss0 td BRR gqropg HElg é the eye,
gastroesophageal refl ux—mgﬁ?é@m%“ e, gastric
notility disorder, non-ulcer dyspepsia, functional dyspepsia, irritable
bowel syndrone, constipation, OoygpeRs AHESYVER&@N I S, gastroesophager al
di sease, nausea, enesis, braln edema, parn, tardive dysklne5|a sl eep
di sorders, %ttentl on defl cit/hyperactivity disorder, attention deficit

di sorder, disordershk cPOIMPENMRA i98irébtY tb%@r@%f uraly attention
and/ or cognition, andrbi%S dulct di sér Igr &%(&?C% %@&: NVENTI O\I 2

cogni tive pr ocesRkenzpidiseigrelekyliandmeihypeipaiginrd v meEhwistehydrHh

positively Couﬂrﬁrﬁiﬂdpaﬁdjﬁﬁé/rh\%%@ut%@)} a”’&%p%ﬁﬁ; sft%t@rtﬁeréé'feTHls Bt aIQﬁ neur onal
activity through the cyclic adenosine nonop I—PT ate (CAWP) second messenger
3-

system Agoni s irﬁ‘éf%é@l PaidtiP PaPetHAd & trﬁémgoﬁé'r pedatee dispEdsF 819 s Sreport ed

to increasq) nemp@hiaREUthidiRFdere IRRGe a@b(te'rféhrcﬂbg}lédl@n@?évcﬁ%c &isdrgérdm
activated and voltage sensitive potassium channels bition of these

channel s pr oduEkeqCarghiakiteemia.Prinaboqf trakmay Readibauma. PEENAl yRaxia

concom tant i ngdr§ias arrbdt, rﬁ&?éggﬂé\hlc@éﬁfdn%bdémégé GE8leRit, AiztlmersTr ends

Phar macol Sci 1995: 16: 39 The neurotransmtter acetylcholine is
i nvol ved in disease, Huntington's Chorea, amyofrophic lateral sclerosis, ocular damage,

retinopathy, cognitive disorders, idiopathic and drug- induced Parkinson's

15 disease, muscular spasms and disorders associated with muscular spasticity
including tremors, depression, epilepsy, convulsions, migraine, urinary
incontinence, substance tolerance, substance withdrawal, psychosis,
schizophrenia, anxiety, mood disorders, trigeminal neuralgia, hearing loss,
tinnitus, macular degeneration of the eye, gastroesophageal reflux disease,

20 gastrointestinal disease, gastric motility disorder, non-ulcer dyspepsia,
functional dyspepsia, irritable bowel syndrome, constipation, dyspepsia,
esophagitis, gastroesophageral disease, nausea, emesis, brain edema, pain,
tardive dyskinesia, sleep disorders, attention deficit/hyperactivity disorder,
attention deficit disorder, disorders that comprise as a symptom a deficiency

25 in attention and/or cognition, and conduct disorder.

BACKGROUND OF THE INVENTION

30 The serotonin 5-HT,4 receptor is a G-protein receptor that is widely

distributed throughout the brain, including two brain regions that are critical to



10cogni ti on and nenory processes and | oss of cholinergic function is
believed to be a maj or cause of the cognitive decline seen with Al zheiner's
di sease (Woanci®i®d al ., J Neurol Neurosurg Psychiatry Pe®AB2086030348 47) .
Agoni st activation of 5-HT4 receptors, possibly located on the cell bodies
or nerve termnals of cholinergic neurons, is reported to enhance
acetylcholine (ACh) 15 release in the cortex and the hi ppocanpus (King et
al ., Trends Pharnmacol Sci 2008; 29(9): 482-492; Consolo et al., Neuroreport
1994; 5: 1230-1232; Mhler et al., Neuropharnmacol ogy 2007; 53:563-573).
5-HT4 agoni sts are also reported to reverse the cognitive deficits

20i nduced by pharnmacol ogical treatnent with anticholinergic drugs (ex
atropi ne and scopol anine) in non-clinica behavioral nodels (Fontana et

al ., Neuropharnacol ogy 1997; 36(4/5):689-696; Galeotti et al., J Pharntol
Exp Ther 1998; 286(3):1115-21). Hi ppocanpal theta rhythmis a | ow frequency
oscillating fi o Lal.. g ' sever al
cognitive, 25 %@ﬂ%‘?gbgﬁggﬁ% g‘%ﬁ%ﬁ%?”%ﬁ@@%?@e@% i EM%L%C%&S)% 5rrrgl s and man
(McNaught on et paitivelyBehpled Rhadengtadd oREGEant @xeB @) @pFolddy navcdisalight on et

al ., H ppocanpys: . X - - 1Q; I 06; 26
(6):1669- 72). 'é’é?@?oc i‘ﬁ?‘%}é@'ggi}%o&éﬁtm@@%aﬁe %%@Ss%?’ﬁ“q n' t he

regul ati on of meggsogangyaten.Agjoaist ingt ¢ausactivationed netroasl. 5-HNetpceploissace 1997;
81(4): 893-926 : L i [ QR i iAhi bitors,
such as donscgape%Pﬁggﬁgd@%%@éeﬁﬁéﬁ‘gm%6%%%@5@%‘?@3%@@@%@ eta rhythm
i n non-clini cadctivalddlapd (BitagessgneitiveapotassiurPichammeedss IInhibifiorTofdhese999;

291(1):99- 106_)Chdﬁﬁelglbpgrdgjcgzg?ﬁ%(ﬁ}acﬁomﬁ%ﬁ? gﬁ%ﬁ%@%”&&{d” Jepse acet yl chol i ne

levels in brain, Increase 0SCi contripute to the
cogni tive eff eginsomiiamrinaseaserin peerohalrexciabilBy gt etradbdéremds Pharmadoh addi ti on

to nodul ati ng TN r - I\ Lherease | evel s
of sol uble anyﬁ(gﬁgg%r@gsu%}? s%%ﬁpv{)eﬁl ee?ﬁ&gﬂnsﬁgﬂzégﬁggﬁélﬁﬁ%{Hgé\s/éeﬁﬁl evel s of
SAPPa i n cHl ebecginitiopiandimeiary grqcesies dnavessuafeholin@agis brictareid believedcogni ti ve
decline in ag S e : r Lef e ;

1409- 1420) . Re e @ﬁ@ﬁ?%%;‘?&g%]ae %Oa@g'vgldggmﬁ%gﬁh ?@ﬁ?ﬂ%@?ﬁ?w dgé‘%)sce)bt ai ned
from Al zhei mer(Fsansist éteaht ¢ NeumhNeelosurgtPsychiatriNa®98; 66 NBa-479 #gionist 8) : 829- 832;
A sson et al.,&Exb =C ; : - Thi onsequence
of reduced a- se'e(!(%:1§$€ttld:?tl?ef 521(1:?4?(}/6?%@9% %%s%ngléﬁ%tggég ;t)%&n(léeﬁlbt{sg)éfs g)(r? n% sAPPa
product i on ( Tyteaninals chthqlinBigitcesmersi, isphpetaelo eCbame2@@yichptite (AA48- 376) .

-4 cen) or @ PagFEnERerpal] 8 iiiuRBu R RO TR EpRImag) SuTL 0l
Brai n Res 200872008829(85382¢192; Candedn ef-ath letioiensyt ‘&94;515r230-12322H¥ﬂ®mét0! 2007;
883: 883-892; “@@I.?Neﬁrtopﬁénnac%w9@6‘7?%@%%@159@)(. 2007; 53:563-573) and in

5-HT4 agonists are also reported to reverse the cognitive deficits

20 induced by pharmacological treatment with anticholinergic drugs (ex atropine
and scopolamine) in non-clinical behavioral models (Fontana et al.,
Neuropharmacology 1997; 36(4/5):689-696; Galeotti et al., J Pharmcol Exp
Ther 1998; 286(3):1115-21). Hippocampal theta rhythm is a low frequency
oscillating field potential that has been strongly linked to several cognitive,

25 memory and attentional processes in both animals and man (McNaughton et
al., Behav Pharmacol 2007; 18 (5/6):329-46; McNaughton et al.,
Hippocampus 2006; 16 (12):1102-10; Kahana, J Neurosci 2006; 26 (6):1669-
72). Acetylcholine is thought to play a major role in the regulation of
hippocampal theta rhythms (Vertes et al., Neuroscience 1997; 81(4): 893-926)

30 and administration of acetylcholinesterase inhibitors, such as donepezil, have



20 sone cases decreases the release of Al3 peptides (Cho et al., Exp
Neur ol ogy 2007; 203: 274-278). These results suggest that 5-HT4 agoni sts may
reduce t hwopnodwet7ison of plaque form ng Al3 pepti des by pdiruBzoai/ngpsesryl oi d
precursor protein away fromthe anyl oi dgenic 13-secretase pathway to the
nonanyl oi dgeni ¢ a-secretase pathway. 25 Conmpounds havi ng superi or
brain penetration are desirable in the treatnment of CNS rel ated di sorders.
Such conpounds will freely cross the blood/brain barrier. 4 A conpound
havi ng partial agonism of 5-HT4 may be desirable for treatnent of 5-HT4
medi at ed di sorders, including CNS-rel ated disorders, where it is preferable
to reduce or avoid undesirable increases in intestinal notility and other
side effects which may result fromtreatdent with 5-HT4 full 5agonists.
Co-owned PCT Publication No. WO 06/ 90224 descri bes benzi soxazol e
derivatives having selective 5-HT4 receptor agonistic activity. These

comounds ar e GESEhRdy Redse ool ahod Bt FERLIR Mol Raph pagaoPNageal

10refl ux di sease, gas ease Ity di sorder
non- ul cer dysp@@nneaetéUnb?hammahﬂdypﬂ@psﬂ999|29ﬂm0QQHQGbémé}Hﬁ@agmm@ME (1BS),

consti pation, ySReRRIcA qwit B B%ﬁ% bﬁetYI&?cﬁlhé?e?E%Hnﬁga% %crgé ity oS

central nervous systen1 I seas I'Sease, 'c0gQ AL Ve %lsorder
enesis, mgr a| orgjllaheumey ogitdblte o E’eamenltlp%leﬁfectstab&ﬂ%r@dasotﬁcmlcml sorders,
cardi ac fai %$Pgﬁﬂ5&e§5arrhythnla di abet es, and apnea syndrone. SUNNARY
OF THE | NVENTI e present invention is dlrected to

(R -4-((4-((4-(tetrahydrofuran-3-

20yl OXY) benzo[ d] i S(Pﬁ(??&hor?to%(?d&%mg%gg}s&neE%ﬁ%t%ﬁ%ﬁéa%éﬁ'—bﬁ%ﬁ&%t@rﬁa?ﬂgdr 0- 2k

pyran-4-ol , hereina referre avi ng
fol | owi ng st r uocrense levels wharlvkle Xmy®id precursTinpreteimaipina (Sd«ﬁ’Pa}I)so i ncl udes

phar maceut ] cal b BESEILa 6 Sy IMLALERS B NS Hod paPr s, crystal | ine

and non-crysta orm; i sonorp rrpound X. This
i nvention H) soaasnclat@der:ytfmcxgnttlmﬂmesm agedl erSdAedeﬂsewet@ll Negiorssiescodf t hese

conmpounds. 1999; 93(4): 1409-1420). Reductions in SAPPa have also been reported in

CSF obtained from Alzheimer’s patients (Lannfelt et al., Nature Med 1995;
1(8):829-832; Olsson et al., Exp Neurology 2003; 183: 74-80). This may be a
consequence of reduced a-secretase activity; the enzyme responsible for

15  sAPPa production (Tyler et al., Biochem Biophys Res Comm 2002; 299: 373-
376). Furthermore, in vitro and in vivo studies have reported that activation of
5-HT, receptors increases levels of sSAPPa (Cachard-Chastel et al., Behav
Brain Res 2008; 187:455-461; Cachard-Chastel et al., Brit J Pharmacol 2007;
883:883-892; Mohler et al., Neuropharmacology 2007; 53:563-573) and in

20 some cases decreases the release of AB peptides (Cho et al., Exp Neurology
2007;203:274-278). These results suggest that 5-HT4 agonists may reduce
the production of plaque forming A peptides by diverting amyloid precursor
protein away from the amyloidgenic B-secretase pathway to the non-
amyloidgenic a-secretase pathway.

25

Compounds having superior brain penetration are desirable in the

treatment of CNS related disorders. Such compounds will freely cross the

blood/brain barrier.



5 This invention also is directed, in part, to a nethod for treating
a 5-HT4 nedi ated disorder in a mammal . Such di sorders include acute

neur ol ogiwal20am@isychi atri ¢ di sorders such as cerebral pdefiBmill/gsosasbsequent
to cardi ac bypass surgery and grafting, stroke, cerebral ischem a, spinal
cord trauma, 10head trauma, perinatal hypoxia, cardiac arrest, hypoglycemc
neur onal damage, denentia, AlIDS-induced denentia, vascul ar denentia, m xed
denenti as, age-associated nmenory inpairnment, Al zheiner's disease,

Hunti ngton's Chorea, anyotrophic |ateral sclerosis, ocular damage,
retinopathy, cognitive disorders, including cognitive disorders associ ated
wi th 15schi zophreni a and bi pol ar di sorders, idiopathic and drug-induced

Par ki nson' s di sease, mnuscul ar spasms and di sorders associated with nuscul ar
spasticity including trenors, epilepsy, convul sions, mgraine, mgraine
headache, urinary incontinence, substance tol erance, substance w thdrawal,
w t hdrawal from opiga C I

benzodi azepi nes, cé%%ﬁﬁ(lME%QLQQ??G%EQﬂ% ﬁ"ﬁ@%ﬁﬁ ﬁ% t%6%BE &%FE mld

cogni tive i npareaimant of srmBshediaedgirorders incipding GhiStrelatad disordensai n cognitive
| mpal rent %‘@érﬁe%us éfetﬁérééﬂ% ‘Péd?fuée oﬁ‘% (?EP(detSQ?ﬂgrr%l (%ezs%g irfiﬂ%%'sﬁrﬁ%. di sor der,
soci al anX|et I'C stress disorder,
obsessi ve conpmbﬁﬂwendobewdée$mﬂmbwhuhQHWUE$@tﬁmmpBe@§ﬂmwﬁhﬁﬁﬁhdwlbipolar
di sorders, gﬁg%@§I neural gi a, 25hearing | oss, tinnitus, nmacul ar
degeneratlon e eye, gastroesophageal reflux di sease, gastrointestinal
di sease, gastric notility disorder, non-ul cer dyspepsia, functional
dyspepsia, i1 table, Bowe pey B Ao RAMWG RSO AU ARER s fBORNATI Li S,
gast roesophageral di sease, nausea, enesis, a n e pai n, acute and
chroni c pain steivetyesseviegselsaiive 5-Hiy reilet)@blagorpalcmctlmyném@pat hi ¢ pai n,
oSt aumat ! Codidingl fHAE Pl QB! for 13 GERINEG BT Seconfladli C0 oPSY.
attention defi€lt yperactivi |sor : Ism sease

di sorders that reﬂm@se@@ aast@|®WpBNW®Sdegasa1®nQWIty diserdee non-wiceand/ or

cogni tion, C t npri ses
adnlnlsterlngm%ﬁﬁp&¥a |§RBB&QW3%§Qﬁ%gE%p@é§ﬁk§Qgggén?gE?gQﬁﬁ?gﬁg@ﬁereof, to
the manmmal i n eyspapsidresoptestitisi gasttees@m@gemdlsegseeﬁamﬂa; gentiabnevews t he

condi tion. DETéA)‘} @dl@%@ﬁ\ lég;%rgals?é'ge 'ngﬁWé %brdép%s%m%%lﬂgm of the

present inventron is escri
neurological dlsease pain, cardiovascular disorders, cardiac failure, heart

15  arrhythmia, diabetes, and apnea syndrome.

SUMMARY OF THE INVENTION

The present invention is directed to (R)-4-((4-((4-(tetrahydrofuran-3-
20  yloxy)benzo[d]isoxazol-3-yloxy)methyl)piperidin-1-yl)methyl)tetrahydro-2H-
pyran-4-ol, hereinafter referred to as “Compound X,” and having the following

structure:

Compound X
Compound X is a partial agonist of 5-HT4 receptors which freely crosses the

25 Dblood brain barrier.



above, or a pharmaceutically acceptable salt thereof. Anot her
enbodi nent of the present invention is a pharmaceutical conposition
conpri si yoCGonpwurid X, or a pharnmaceutical ly accept abl epsaliB20ibvivesseof , and
a pharmaceutically acceptable carrier. Anot her enbodi ment of the
present invention is a nethod of treating a neurodegenerative di sease or
di sorder, the nethod conprising adm nistering Conpound X, or a
pharmaceutically acceptable salt thereof. 20 Anot her enbodi nent of
the present invention is a method of treating a neurodegenerative disease
or disorder, the nethod conprising adm nistering Conpound X, or a

phar maceutical ly acceptable salt thereof, wherein the neurodegenerative
di sease or disorder is denentia, Al zhein®r's disease, 25depression,
psychosi s, schi zophrenia, anxiety, nood disorders, attention
deficit/hyperactivity disorder, or attention deficit disorder.

Abbr evi ati ons and Al r.ej rm " Conpound X"
may be hereinafter L?‘rﬂesf'E\Férné@q?goinsdlgje's(?gr%ﬁb%%t%gﬁ%{n?8?&%%@5%%/I%ht ion." Such
terms are al sohydiedtesedivatesi isoinade ciyklalliheand nofi-cGstalmearidrns, isomorpiei ng
hydrates, solv ' ; tal l4 . ne - - | ]yl ns,

| sonor phs, pol %{ﬁﬁoﬁﬁrﬁ?@gﬁé‘s%%@g%o d?’%(—‘-:rlsh r"gt 'Hgér}glgﬁ %%%%@%I%”é@mﬁﬂégrs

abbr evi ati ons andstersechdmicaiisomerCoBidese Dwop@mased net hanol ng: M1 ligram
CDClI 3: Deutgrated chl orof orm

This invention also is directed, in part, to a method for treating a 5-HT4
mediated disorder in a mammal. Such disorders include acute neurological
and psychiatric disorders such as cerebral deficits subsequent to cardiac
bypass surgery and grafting, stroke, cerebral ischemia, spinal cord trauma,

10  head trauma, perinatal hypoxia, cardiac arrest, hypoglycemic neuronal
damage, dementia, AIDS-induced dementia, vascular dementia, mixed
dementias, age-associated memory impairment, Alzheimer's disease,
Huntington's Chorea, amyotrophic lateral sclerosis, ocular damage,
retinopathy, cognitive disorders, including cognitive disorders associated with

15  schizophrenia and bipolar disorders, idiopathic and drug-induced Parkinson's
disease, muscular spasms and disorders associated with muscular spasticity
including tremors, epilepsy, convulsions, migraine, migraine headache,
urinary incontinence, substance tolerance, substance withdrawal, withdrawal
from opiates, nicotine, tobacco products, alcohol, benzodiazepines, cocaine,

20 sedatives, and hypnotics, psychosis, mild cognitive impairment, amnestic
cognitive impairment, multi-domain cognitive impairment, obesity,
schizophrenia, anxiety, generalized anxiety disorder, social anxiety disorder,
panic disorder, post-traumatic stress disorder, obsessive compulsive disorder,
mood disorders, depression, mania, bipolar disorders, trigeminal neuralgia,

25 hearing loss, tinnitus, macular degeneration of the eye, gastroesophageal
reflux disease, gastrointestinal disease, gastric motility disorder, non-ulcer
dyspepsia, functional dyspepsia, irritable bowel syndrome, constipation,
dyspepsia, esophagitis, gastroesophageral disease, nausea, emesis, brain
edema, pain, acute and chronic pain states, severe pain, intractable pain,

30 neuropathic pain, post-traumatic pain, tardive dyskinesia, sleep disorders,
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Et OAc: Ethyl acetate NVR Nucl ear magnetic h: Hour

narcolepsy, attention deficit/hyperactivity disorder, autism, Asperger's
disease, disorders that comprise as a symptom a deficiency in attention
and/or cognition, Lewy Body Dementia, and conduct disorder. The method
comprises administering Compound X or a pharmaceutically acceptable salt
thereof, to the mammal in an amount that is therapeutically effective to treat

the condition.

DETAILED DESCRIPTION OF THE INVENTION

One embodiment of the present invention is Compound X as described

above, or a pharmaceutically acceptable salt thereof.

Another embodiment of the present invention is a pharmaceutical
composition comprising Compound X, or a pharmaceutically acceptable salt

thereof, and a pharmaceutically acceptable carrier.

Another embodiment of the present invention is a method of treating a
neurodegenerative disease or disorder, the method comprising administering

Compound X, or a pharmaceutically acceptable salt thereof.

Another embodiment of the present invention is a method of treating a
neurodegenerative disease or disorder, the method comprising administering
Compound X, or a pharmaceutically acceptable salt thereof, wherein the
neurodegenerative disease or disorder is dementia, Alzheimer's disease,
depression, psychosis, schizophrenia, anxiety, mood disorders, attention

deficit/hyperactivity disorder, or attention deficit disorder.

Abbreviations and Definitions

or

PCT/IB2011/050548
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resonance HRMS: Hi gh-resol ution mass ppm Parts per
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As used herein the term “Compound X’ may be hereinafter referred to
as a “compound(s) of the invention.” Such terms are also defined to include all
forms of Compound X, including hydrates, solvates, isomers, crystalline and
non-crystalline forms, isomorphs, polymorphs, and metabolites thereof.

The following abbreviations are used herein:

CDs;OD: Deuterated methanol mg: Milligram

CDCls:  Deuterated chloroform MHz: Megahertz

d: Doublet min:  Minutes

brs: Broad singlet mL: Milliliter

g: Gram N: Normal

EtOAc: Ethyl acetate NMR: Nuclear magnetic

h: Hour or Hours resonance

HRMS: High-resolution mass ppm: Parts per million
spectrometry q: Quartet

J: Coupling constant RT: Room temperature

m: Multiplet S: Singlet

LRMS: Low-resolution mass t Triplet
spectrometry THF: Tetrahydrofuran

M: Molar

Tautomeric Forms

The present invention comprises the tautomeric forms of Compound X.
Where structural isomers are interconvertible via a low energy barrier,
tautomeric isomerism (‘tautomerism’) can occur. This can take the form of
proton tautomerism in Compound X containing, for example, an imino, keto,
or oxime group, or so-called valence tautomerism in compounds which
contain an aromatic moiety. It follows that a single compound may exhibit

more than one type of isomerism. The various ratios of the tautomers in solid



spectronmetry THF: Tetrahydrofuran M Mol ar Taut onmeri c Fornms The present
I nvention conprises the tautoneric fornms of Conpound X. 10Where structural

i somers awe 2onywienverti ble via a | ow energy barrier,

PeTuBRIEI/HIS4SSONMEri sm

('tautonerism ) can occur. This can take the formof proton tautonmerismin
Compound X cont ai ni ng, for exanple, an imno, keto, or oxine group, or
so-cal l ed val ence tautonerismin conpounds which contain an aromatic
noiety. It follows that a single conpound nmay exhibit 15nore than one type
of isonerism The various ratios of the tautoners in solid 8 and liquid
form are dependent on the various substituents on the nolecule as well as
the particular crystallization technique used to isolate a conpound. Salts
5 The conpounds of this invention %ay be used in the formof salts
derived frominorganic or organic acids. Depending on the particul ar
conpound, a salt of the conpound nmay be advant ageous due to one or nore of

in

the salt's phygifahioRRER bdinaSHER RS VSUIRIEESRIR BRERURbERYe SLabi 11ty

well as the particular crystallization technique used to isolate a compound.

Salts

The compounds of this invention may be used in the form of salts

derived from inorganic or organic acids. Depending on the particular

compound, a salt of the compound may be advantageous due to one or more

of the salt’s physical properties, such as enhanced pharmaceutical stability in

10 differing temperatures and humidities, or a desirable solubility in water or oil.

In some instances, a salt of a compound also may be used as an aid in the

isolation, purification, and/or resolution of the compound.

Where a salt is intended to be administered to a patient (as opposed

15  to, for example, being used in an in vitro context), the salt preferably is

pharmaceutically acceptable. The term "pharmaceutically acceptable salt"

refers to a salt prepared by combining Compound X with an acid whose

anion, or a base whose cation, is generally considered suitable for human

consumption. Pharmaceutically acceptable salts are particularly useful as

20 products of the methods of the present invention because of their greater

aqgueous solubility relative to the parent compound. For use in medicine, the

salts of the compounds of this invention are non-toxic “pharmaceutically

acceptable salts.” Salts encompassed within the term “pharmaceutically

acceptable salts” refer to non-toxic salts of the compounds of this invention

25  which are generally prepared by reacting the free base with a suitable organic

or inorganic acid.

Suitable pharmaceutically acceptable acid addition salts of the

compounds of the present invention when possible include those derived from

30 inorganic acids, such as hydrochloric, hydrobromic, hydrofluoric, boric,



10differing tenperatures and humdities, or a desirable solubility in water
or oil. In sonme instances, a salt of a conpound also may be used as an aid
in the iswbabiiowi77purification, and/or resol ution of thecrarmpaunts4sdhere a
salt is intended to be adm nistered to a patient (as opposed 15to, for
exanpl e, being used in an in vitro context), the salt preferably is

phar maceutical ly acceptable. The term "pharnaceutically acceptable salt”
refers to a salt prepared by conbi ni ng Conmpound X with an acid whose ani on,
or a base whose cation, is generally considered suitable for hunman
consunption. Pharmaceutically acceptable salts are particularly useful as
20products of the nmethods of the present invention because of their greater
aqueous solubility relative to the parem conpound. For use in medicine,
the salts of the conpounds of this invention are non-toxic
"pharnaceutically acceptable salts.” Salts enconpassed within the term

"phar maceutic r n i e
conmpounds of ?ﬂ#ﬁb@ﬁgéﬁﬁgghﬁﬁ%ﬁkkﬁﬁoéﬁkﬁ rHeP'Fa 9&ﬁ¢58m$@% %9%LQ%E%|ng t he
free base wi t ha@dss and atgapicaogisrsuch as acetm: bamdepesudiodic, benzoic, citricSui t abl e

phar maceuti cal f ds of the
present |nvent%ﬁ%ﬂﬁﬁﬁ&%gqu§?b gﬂmg$ﬁd%gﬁﬂ%§§hﬂ ggﬂ@é& P&gﬁﬁ%gpnorganlc
aci ds, such asmhlgiyx oekhd, mmetbandsykﬂmrmbrtrm‘mommeﬂpmasﬂlfw isogciboric, 9
f I uor obori g PRRERBSIfio ARAALBATAIRGIBooft dd< suRRIOBMEFI AT 0Nl ¢, and
sul furic acids orgahic aci ds such as ac enzenesu onlc benzoi c,
citric, et hane@anerailmlrmludeufmlex@mplgl alpoaiic cy@lbqltpbaim ardneaficharahiphaticl act i c,
Iactobionic t hanesul f oni c,
succinic, 5tol uet%é)g}(ﬁ“p%rﬁrtgoxy[% Fgr@ﬁ@&hlga 5, O? F){?gbfgga%&g?c aci ds. Suitable
organi c acids generally include, for exanple aliphatic, cycloaliphatic,
aromatic, aralipha @nic cl asses of
organi c acids. Spetcﬁ Flgggiﬁﬁn%%a é@ablg%rrmédl& |g§1l[]ge gg%tés i ncl ude acet at e,
10t ri f | uor Yacetribw@oadetatedioenatps wpbionziecsucsine s ghc@ategglymm e, gluconate,
di ot uconat &, " &ilBbne, UL okl LA 86! drafé! bBHEne ARGOIAIS
gl ucuronate, ) mat e, benzoat e,
ant hrani | i ¢ acindleatst éanraiafe p}ﬂ'avalte,wsaaéatepgIht,'amamwbemecb@ta@thr@mmm@cet at e,
mandel ate, enbg I

h tff k fat

benzenesul f onat g %?B?%g) gd%géﬂ}géﬁeé a%e a e WA et HioRate
2- hydr oxyet han(@gmlofatm&t]@thamuffmﬁtq; aqti@qnesulfonate benzenesulfonate

15 pantothenate, toluenesulfonate, 2-hydroxyethanesulfonate, sulfanilate,
cyclohexylaminosulfonate, algenic acid, B-hydroxybutyric acid, galactarate,
galacturonate, adipate, alginate, butyrate, camphorate, camphorsulfonate,
cyclopentanepropionate, dodecylsulfate, glycoheptanoate, glycerophosphate,
heptanoate, hexanoate, nicotinate, 2-naphthalesulfonate, oxalate, palmoate,

20 pectinate, 3-phenylpropionate, picrate, pivalate, thiocyanate, and
undecanoate.

Furthermore, where the compounds of the invention carry an acidic
moiety, suitable pharmaceutically acceptable salts thereof may include alkali
25 metal salts, i.e., sodium or potassium salts; alkaline earth metal salts, e.g.,
calcium or magnesium salts; and salts formed with suitable organic ligands,
e.g., quaternary ammonium salts. In another embodiment, base salts are
formed from bases which form non-toxic salts, including aluminum, arginine,
benzathine, choline, diethylamine, diethanolamine, glycine, lysine,

30 meglumine, ethanolamine, tromethamine and zinc salts.



cycl ohexyl am nosul fonate, al genic acid, 13-hydroxybutyric acid,

gal actarate, gal acturonate, adipate, alginate, butyrate, canphorate,
canphor suwbanat®i77éycl opent anepr opi onat e, dodecyl sul f at ecTgB3yaohepisganoat e,
gl ycer ophosphat e, heptanoate, hexanoate, nicotinate, 2-naphthal esul fonate,
oxal ate, pal npate, 20pectinate, 3-phenyl propionate, picrate, pivalate,

t hi ocyanate, and undecanoat e. Furt hernore, where the conpounds of the
invention carry an acidic noiety, suitable pharmaceutically acceptable
salts thereof may include alkali 25nmetal salts, i.e., sodiumor potassium

salts; alkaline earth netal salts, e.g., calciumor magnesiumsalts; and
salts fornmed with suitable organic |ligands, e.g., quaternary ammoni um
salts. In another enbodi ment, base saltd0are formed from bases which form
non-toxic salts, including alumnum arginine, benzathine, choline,

di et hyl am ne, diethanol am ne, glycine, |ysine, 30neglum ne, ethanol am ne,
tromet ham ne and zinc salts. 10 Organic salts may be nade from
secondary, tertiary or quaternary am ne salts, such as tronetham ne,

di et hyl am ne, N, N -Qipheaszgiisonaybe made dovimsscoodidrprtedinocei uatercdrpl i ne,

di et hanol am ne,Rell enadlambienaRel YRR Tt hy! gl ucan ne), and
procai ne. BasicC nirtrogen-containing gt’oupsy nmay 'be quaternized with agents
such as | ower MAINGgibeatstogpnédidmideschi@oprocainetdinline, aidtydnolapriogpyl , and but yl

chl ori des, Drofg and i adi Nl fat i Let hyl ,
di et hyl , di%uté}bﬂgg%dﬁﬁlﬂg’n@?élgﬁﬁ%aq“etsnﬁh%lclfr?gml:e 1430 boofhe BELEC! " decyl |
lauryl, nyri styifrogeamebnddining grouph Intayi begiateroized witdl eggntamdch aslioves) |

ervlelkyl hel 869 €L heniared. BB ERICh DY, ORISR LS,

I n one enbodi ne SO orne
exanpl e, heni sandohdities)adidikileavifatab ¢iiaundimathyk diettyl, Idintyas diamyl  The present

i nvention al so_j qiﬁﬁ S0t ORI 1y J eRmR I i denti cal
to Conpound X, Sdtl)#l%fels#or %éﬂwfrga??(g?%f’ dgggﬁéggllﬁorel QF%&Q’S?WA?@O%%’ aced by
an at om hald ngoramidesoanciodidss). arylateyskalidgsiier, @inkylendmhehetbyh t he at omi ¢ nass
or mass nunbery ysual %nﬁ%'g{bqs.i n nature. Exanples of isotopes that can be

i ncorporated into cofipounds of the present invention include isotopes of
hydr ogen, carbon, nitrogen, oxygen, phosphorous, sulfur,

In one embodiment, hemisalts of acids and bases may also be formed,
for example, hemisulphate and hemicalcium salts.
15

Isotopes

The present invention also includes isotopically labeled compounds,
which are identical to Compound X, but for the fact that one or more atoms
20 arereplaced by an atom having an atomic mass or mass number different
from the atomic mass or mass number usually found in nature. Examples of
isotopes that can be incorporated into compounds of the present invention
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur,
fluorine and chlorine, such as *H, °H, "°C,"'C, "c, N, '®0, "0, *'p, ¥p, s,
25 '8F, and *°Cl, respectively. Compounds of the present invention, prodrugs
thereof, and pharmaceutically acceptable salts of said compounds or of said
prodrugs which contain the aforementioned isotopes and/or other isotopes of
other atoms are within the scope of this invention. Certain isotopically labeled
compounds of the present invention, for example those into which radioactive

30 isotopes such as *H and "C are incorporated, are useful in drug and/or



fluorine and chlorine, such as 2H, 3H, 130, 110, 140, 15N, 180, 170, 31p,
32p, 35s, 2518F, and 36ClI, respectively. Conpounds of the present

i nvent i onwoponodioutys t her eof, and pharmaceutical | y acceptrabhB2dabiossof sai d
conpounds or of said prodrugs which contain the aforenentioned isotopes
and/ or other isotopes of other atons are within the scope of this

i nvention. Certain isotopically |abeled conpounds of the present invention,
for exanple those into which radioactive 30i sotopes such as 3H and 14C are
i ncorporated, are useful in drug and/or 11 substrate tissue distribution
assays. Tritiated, i.e., 3H, and carbon-14, i.e., 14C, isotopes are
particularly preferred for their ease of preparation and detectability.
Further, substitution with heavier isotdfes such as deuterium i.e., 2H,
can afford certain therapeutic advantages resulting fromgreater 5netabolic
stability, for exanple increased in vivo half-life or reduced dosage
requirenments ALY D LA SO i apces. 4
| sotopically ?%%8‘%%%%%@%‘8@%&&% %gg ﬁﬁgaeth@’i';eﬁmga%h({]g%@ I{jslfﬂz?y'eebe %’r epar ed
by carryi ng ousotohes pegaeiulagy pdifecddbe theirreash of Biepapliesabd| ow, by

bstituti i o t ORI - .
subst1 LULing auneadly. @] A0he AALARI ALY L RRBLET SUERENI! 2 oo
of Conpound X.i.eCeHt aamatierdicedainvearapdutiCadpaniagesxesiiingroragréedere |ittle or

no phar macal ogi C ARY : adm N _)NLo or onto
t he body, gée %@%%h\?@r%téé%m%’nf? %g%%'\éﬁgea%gﬂgwlnéﬁlﬁg%gﬁjpg‘%‘j&gﬁaﬁ%i ty, for
exanpl e, by hywnuoirgnénds ehédeage mBukshpretariedan some caicumstedeesred to as
"prodrugs". Fu f i t din

Pro dr uge as NSvPopL OAEE bafiBoils'of eifhferfion LoEGEiIaN TpREr 040 | 0, ¢
(T. Higuchi anehrigingSiutHea)roeatiirdsi dis@aseddn BlecEx@arplésehetow,rbyBubgtitDixg gn,

Per ganon Press : 2001 , ﬁ&@r[- h COUL

Associ ation). 2 re]a%W?)\?aggplﬁgs |pr|1(%e|1|¥(|%)b(ré Ance Wt#ﬁ%&@h?ﬁ%ﬁ?m%&%@n, for
exanpl e, b¥ prredgerdd by repl aci ng appropriate functionalities present in
Compound X with certain noieties known to those skilled in the art as

"pro-noieties' as 25 described, for exanple, in Design of Prodrugs by H.
Bundgaar d ( El sevi erThel®@@bjion also relatgs trepradiughk iohfCpinpgureskdngeréadn of prodrugs in

accordance wi t&erﬁ‘vés%‘f%Hp%Un& RQI\llHi%eMay have little or no pharmacological

activity themselves can, when administered into or onto the body, be

15  converted into Compound X having the desired activity, for example, by
hydrolytic cleavage. Such derivatives are referred to as “prodrugs”. Further
information on the use of prodrugs may be found in Pro-drugs as Novel
Delivery Systems, Vol. 14, ACS Symposium Series, 1975 (T. Higuchi and W.
Stella) and Bioreversible Carriers in Drug Design, Pergamon Press, 1987 (Ed.

20 E. B. Roche, American Pharmaceutical Association).

Prodrugs in accordance with the invention can, for example, be
produced by replacing appropriate functionalities present in Compound X with
certain moieties known to those skilled in the art as ‘pro-moieties’ as

25 described, for example, in Design of Prodrugs by H. Bundgaard (Elsevier,
1985).

Some non-limiting examples of prodrugs in accordance with the

invention include:



12 (lI)an al cohol functionality which is functionalized into a suitably
netabolically labile group (esters, carbonates, carbamates, acetals,

ketal s, ewo.2p11omw1@anpound X; and (ii)a primary or secon@&aryBzori/NWs48
functionality, or an am de which is 5functionalized into a suitably
netabolically labile group, e.g., a hydrolyzable group (am des, carbanates,
ureas, phosphonates, sulfonates, etc.) on Conpound X. Further exanples of
repl acenent groups in accordance with the 10 foregoi ng exanpl es and

exanpl es of other prodrug types nmay be found in the aforenentioned
references. Admi nistration and Dosing 15Typically, a conpound of the
invention is admnistered in an amount effective to treat a condition as
descri bed herein. The conpounds of the ilBvention are administered by any
suitable route in the formof a pharnaceutical conposition adapted to such
a route, and in a dose effective for the treatnent intended.
Therapeutically effgcti -t N . A reat the
progress of the meéﬁcal g@%ﬁgﬁ(ﬁi?%n%"gﬁ%@r\g@@? fély*ng‘?é’ﬁ?'[%?weté%gsyh%?& of

ordi nary skill in tmmdakolicallydabilg guowr(esters abromndtes] ¢anbapbteamueteds hes
famliar to the medig| t unds of the invention may be
adm ni stered orall 3%%§§|C')gg]a§ionﬁn%%td?§ﬁagn may i nvol ve swall ow ng, so that
t he conpound ent er i)t hea gasaryodrseesndanahminodenctionality we ealamide whibh isngual
adm ni stratd on may enn: whi : ters_the bl ood
streamdir edct ly fr g)@ﬁt“ﬁ@'%%%ﬁﬁo Q)éumlfme{a%gm%ﬂ%ﬁﬁ?ﬂré)(rEB’e(f%%bgi ment, the
conmpounds of the i mydiotyizeble gegupalasidesecBDaniateni weas @osihhopetesy i nto t he

bl ood stream into Sw&%lt&, e&r_) Cjnr&&na&nid%er nal 13

Further examples of replacement groups in accordance with the
10 foregoing examples and examples of other prodrug types may be found in the

aforementioned references.

Administration and Dosing

15 Typically, a compound of the invention is administered in an amount
effective to treat a condition as described herein. The compounds of the
invention are administered by any suitable route in the form of a
pharmaceutical composition adapted to such a route, and in a dose effective
for the treatment intended. Therapeutically effective doses of the compounds

20 required to treat the progress of the medical condition are readily ascertained
by one of ordinary skill in the art using preclinical and clinical approaches

familiar to the medicinal arts.

The compounds of the invention may be administered orally. Oral
25 administration may involve swallowing, so that the compound enters the
gastrointestinal tract, or buccal or sublingual administration may be employed

by which the compound enters the blood stream directly from the mouth.

In another embodiment, the compounds of the invention may also be

30 administered directly into the blood stream, into muscle, or into an internal



organ. Suitable nmeans for parenteral adm nistration include intravenous,
intraarterial, intraperitoneal, intrathecal, intraventricular,

i nt raur etWoabi/iomt7aast ernal , intracranial, intranuscul aPCanB2lEub®aisaneous.
Sui tabl e devices for parenteral adm nistration include needle (including
m croneedl e) injectors, 5needle-free injectors and infusion techniques.

I n anot her enbodi nent, the conpounds of the invention may al so be

adm nistered topically to the skin or nucosa, that is, dernally or
transdermal ly. In anot her enbodi nent, the conpounds of the invention can
10al so be admi nistered intranasally or by inhalation. In another

enbodi nent, the conpounds of the invention nmay be adm nistered rectally or
vagi nal ly. In another enbodi nent, the cdf@pounds of the invention may al so
be admi nistered directly to the eye or ear. 15The dosage reginmen for the
conpounds and/ or conpositions containing the conpounds is based on a
variety of fac di ca
condition of t r§5r§a§d|t98lew(ﬁg% Q%er%'%‘[?& a@ﬂﬁtr‘éﬁ%ﬁﬂ&lyg%ﬁ%@@ e rggute of

admi ni st rat i onntraarteriah t@peiitones, lofrathhwl palravieatricalar, omirqmethml enpl oyed. Thus
t he dosage re [ f rom about
0.01 ng to abghgg%ﬂgaVWM%C%n Jﬁ@z¥g#$§%ﬁg&j&9hﬁﬁﬁ §u$ hgge%gggé%seful in
the treatnent fof parheteeaicavleunlsttatloatre:wdcmeddftal(mn@dmgmnlonee@di@)onllemerst, t he
total daily: do ion (adm nistered in single or
di vi ded doé%s)ﬁﬁgﬂ{ﬁ@aﬂg%ﬁngﬁ%ﬁ$ag%ﬁ?&@N§¥%tO about 100 ng/kg. In another
enbodi nent, the total daily dose of the conpound of 25the invention is from
about 0.1 to about Afledtn ﬁq? t 0.51to0
about 30 nmg/ kg ( |.$$9n&péﬁgnb dhb¢g?ﬁgﬁﬁgnen ?@%mgéﬁ“’ %P%§§§§ught) In
one enbodi rrentadmit)@temgi ioplcaﬂsomtﬁ)e 8Kin oo muoosey thed Isd dgrmally oanot her enbodi nent,
dosing is fro - contain
such anmount s gﬁr’%SJj ”37 Iﬂlagg(hié é&gé? n@@f?f%ecq}l@c}unagﬁptﬂgér? eﬂﬂﬁbéﬁw I n many
i nst ances, 1@ healselbé admtnmeredmt@hasaﬂe or ertmlﬁbomrid anpther m}b@cﬁrpyeat e a
plurality of t'JRE% ' t i res) .

Mul tiple dosesép rtﬁgigiggy b%ﬂ{ﬁg b%aaﬁmﬁg %%?%ﬁ%BZQVESﬁ%@}ygfal daily
dose, if desi rwthﬁﬁmbwmntdhwwsou%mﬂﬂe inyentioomaysilsd kins may be

50 10,0, 15 5T bR MBeFOREEH 137 156 “175 200, 250 and 500

mlligrans of the active ingredient for the synptomatic adjustnent of the

d t t bout 0. 01
dosage to_the patl aftaobsdPRATFRE rekRhiRLAY SR AoRTobiGR abou g

containing the compounds is based on a variety of factors, including the type,
age, weight, sex and medical condition of the patient; the severity of the
condition; the route of administration; and the activity of the particular
compound employed. Thus the dosage regimen may vary widely. Dosage
20 levels of the order from about 0.01 mg to about 100 mg per kilogram of body
weight per day are useful in the treatment of the above-indicated conditions.
In one embodiment, the total daily dose of a compound of the invention
(administered in single or divided doses) is typically from about 0.01 to about
100 mg/kg. In another embodiment, the total daily dose of the compound of
25 the invention is from about 0.1 to about 50 mg/kg, and in another
embodiment, from about 0.5 to about 30 mg/kg (i.e., mg compound of the
invention per kg body weight). In one embodiment, dosing is from 0.01 to 10
mg/kg/day. In another embodiment, dosing is from 0.1 to 1.0 mg/kg/day.
Dosage unit compositions may contain such amounts or submultiples thereof

30 to make up the daily dose. In many instances, the administration of the



10i ngredi ent, or in another enbodi nent, fromabout 1 ng to about 100 ng of
active ingredient. Intravenously, doses nay range from about 0.01 to about
10 ng/ kg/worotdumoirig a constant rate infusion. Suitabl e gabjBmisozseordi ng
to the present invention include 15 manmmalian subjects. Mammal s accordi ng
to the present invention include, but are not limted to, canine, feline,
bovi ne, caprine, equine, ovine, porcine, rodents, |agonorphs, primtes, and
the |li ke, and enconpass mammals in utero. In one enbodi ment, hunans are
sui tabl e subj ects. Human subjects nay be of either gender and at any stage
of devel opnent. 20 Use in the Preparation of a Medicanent In another

enbodi nent, the invention conprises the use of one or 25 nore conpounds of
the invention for the preparation of a rfédicanent for the treatnent of the
conditions recited herein. Pharmaceutical Conpositions 15 For the
treatnment of the conditions referred to herein, t he conpound of the

i nvention can .S . I

phar maceut i caI%jo Fgogjggg\%”?%‘?eree%gg @%9@ Ien %8?%%6@2}[15\%% Tcati ons
because of t hethan fpustitnes). é/quEﬂméoseelpebday lyylcaldad raty be user tohiecrpasecthe
compound. 5 IWoﬂﬂ8&h%ﬂm8"P8&§@§ t he present invention conprises

phar maceuti cal trons uch pharmaceutical conpositions conprise a
conpound of the invention presented with a pharnaceutically acceptable
carrier. The carri n e

f or mul at edrbeiOV\n th ?rr%g%oag'ﬁlﬂ‘ﬁs %d %e &)+bc%0|§>gs nish t%(s)ﬁ ?V'd@dqqftg(?yoémarrpl e, a
tabl et, which @‘aable’r@mahamlrfg@ﬁi (D %%‘t 6©-DIW, 6, @é] dha10, 5.0t 2081.0,ve
compounds. o\ SRR 18] {B8erIdIBALIB TR0 RGN St IL il SHrL AL

pol yners as targ€table drug carrrers. O her pharmacol oglcaF active

subst ances canfoatflg@yb@tqyn@@adlustm@t of the doFhge toothp eatiefg. AfMmedivamentsent

i nvention may i i ably in the form
of a phar maceurpﬁg g@ﬁ%ﬁﬁgﬁgggﬁﬁ@g t(% %t%s RQW}Q‘? of the ,gétglr%d in a dose
effective flr ingredientar meanothanteabddinentHeonaagbousd rn@tvpahmd@(hm@ of
composiLions: ddie PUAIRLR, nfRerkfsif HBsBk a5 &N Fh bbour 3% £l 10

parenterally,
mg/kg/min durlng a constant rate infusion.

Suitable subjects according to the present invention include
15  mammalian subjects. Mammals according to the present invention include,
but are not limited to, canine, feline, bovine, caprine, equine, ovine, porcine,
rodents, lagomorphs, primates, and the like, and encompass mammals in
utero. In one embodiment, humans are suitable subjects. Human subjects
may be of either gender and at any stage of development.
20

Use in the Preparation of a Medicament

In another embodiment, the invention comprises the use of one or
25 more compounds of the invention for the preparation of a medicament for the

treatment of the conditions recited herein.

Pharmaceutical Compositions




Oral adm nistration of a solid dose formmay be, for exanple, presented in
di screte units, such as hard or soft capsules, pills, cachets, |ozenges, or
tabl et s, wachiicont7ai ni ng a predeterm ned anount of at | easuBzINEDSGONMPound
of the present invention. In another enbodinent, the oral adm nistration
may be in a powder or granule form |In another enbodi nent, the oral dose
formis sub-lingual, such as, for exanple, a |lozenge. In such solid dosage
forms, Conmpound X is ordinarily conbined with one or nore adjuvants. Such
capsules or tablets may contain a controlled-release 16 fornulation. In
the case of capsules, tablets, and pills, the dosage forns al so may
conprise buffering agents or may be prepared wth enteric coatings. In
anot her enbodi ment, oral adnministration®fay be in a liquid dose 5form
Li qui d dosage forms for oral administration i nclude, for exanple,
pharmaceutical |y acceptabl e enul sions, solutions, suspensions, syrups, and
S L8 contaln! 10 fop Sl o TARBNY SRS okl o borhbodha or et 1)
Such conpositions al'so adj uvants, such as we 2 g,
emul si fying, sihspm/ledtmgqarftbea&drnlmsgarecéagcomemeltrmnisagﬁlterraa’iuélar per f um ng
agents. 10 I: conprises a
par ent er al dos® @?%&HB@ re(Lf:r? grggl mgrnel Stsupfgggﬁ(%ﬁﬁ&}'ceh %@%h or exanpl e,
subcut aneous ilbgoavsé ofitbeir gmm\aen@w sohjbdityt ietatige ta themapent compeeld.
i njections,zintranmuscul ar injections, intrasternal injections, and
infusion. Injectable preparations (i.e., 15sterile injectable aqueous or
ol eagi nous suspensilmasgtheregmippslimenrtnibe presgnbiogentdnregmposeshe known art usi ng
sui tabl e disp t pengi
enbodi nment , @ﬁ%&ggﬁﬁﬁ&ﬁ%@gm @gﬂig%ﬁgpﬁses gaﬁﬁﬁgﬁﬁé Ségcgﬁgornl "Topi cal
adni ni strat | orﬂonnpwhd@éme inventiex areskeied withrseiermade didatiyracseptableon, such as
via transder ml, pal oesa R (AHCPEAES IGul RS ank ARG Aated
adm ni strati on, Fanasal 'on” adm’ ni'st ration. nposi tions
for topicall ao\mtmihgtqoauopomﬁ a$ s oinitdobeidempdsitionefoamsdraplet aisbtsdl wijeh s, spr ays,
oi ntments, and.gGr t I conpound whi ch
canl Softin fr énoo(%l £ R 9dR b&‘dve?}%ﬂtgpthg%tlv@&!ﬁgﬁgﬁ?% mp

enhances absorptlon or pene ation o tive 1 ngre
compound of the invention may be coupled with swtable polymers as

targetable drug carriers. Other pharmacologically active substances can also
be present.
15
The compounds of the present invention may be administered by any
suitable route, preferably in the form of a pharmaceutical composition adapted
to such a route, and in a dose effective for the treatment intended. The active
compounds and compositions, for example, may be administered orally,

20 rectally, parenterally, or topically.

Oral administration of a solid dose form may be, for example,
presented in discrete units, such as hard or soft capsules, pills, cachets,
lozenges, or tablets, each containing a predetermined amount of at least one

25 compound of the present invention. In another embodiment, the oral
administration may be in a powder or granule form. In another embodiment,
the oral dose form is sub-lingual, such as, for example, a lozenge. In such
solid dosage forms, Compound X is ordinarily combined with one or more

adjuvants. Such capsules or tablets may contain a controlled-release



t hrough the skin or other affected areas. Wien the conpounds of this
invention are adm nistered by a transdernal device, admnistration wll be
acconpl i sWweaougionty4a patch either of the reservoir and poraB®i1vesobisane type
or of a solid matrix variety. Typical formulations for this purpose include
gel s, 30hydrogels, lotions, solutions, creans, ointnments, dusting powders,
dressings, 17 foans, filns, skin patches, wafers, inplants, sponges,
fi bres, bandages and mi croemul sions. Liposones may al so be used. Typical
carriers include al cohol, water, mneral oil, liquid petrolatum white
petrol atum glycerin, polyethylene glycol and propyl ene glycol. Penetration
enhancers nmay be 5incorporated; see, for exanple, Finnin and Morgan, J.
Pharm Sc., 1999, 88, 955-958. Forlful ati ons suitable for topical
adm nistration to the eye include, for exanple, eye drops wherein the
compound of this invention is dissolved or 10suspended in a suitable
carrier. AYRoRRliafEN M4 8lLeNPUAARL S8t SRHLAL 10 uhBloAdm gy stration
may be in the Porm o rops of "a mcroni 7ed’ SUsPersi on 6P sol Utdon in
i sotoni c, pH adpysorepriseshudierihgagaits nemaybh erepacrditaentenscatingabl e f or
ocul ar and aural adm nistration include ointnments, biodegradable (i.e.,
absor babl e gel sponges, collagen) and non-bi odegradable (i.e., silicone)
15i npl ant's, waf er s n heotbeseratvadlimentt pralidcrnisistationeway be ara Bydd doss, such as
ni osones org i I h - = crylic acid,
pol yvi nyl al co gﬁq'rrﬁ@%fjésr if%:;mgs{:fiogg%éace\nfsarggé}e@dgg?’?rgrg?){é%%% exanpl e,
hydr oxypr opy| ngtanyhesslticallyossepthbld reoxysorisy selatidnsl sisspensionsrsytupb.cald ul ose, or
a heteropol ys i de. nol. : r ﬁ%zﬂgﬁ; ,ncor por at ed
20t oget her wi fﬁ&g@%@gggﬁ é%(%éeltueéﬁco as eﬁ%egﬁﬁgﬁq%@'?ﬁlwﬁ teé.EEJC uch
formul ati ons negmpdsiiond elsd@dnaonygdise pdiugants shich @s iwstting, emulsifiang,i nt r anasal
admnistratio 1 [y ti.on i ion, - i conpounds of the
i nvention are%{%hg@ﬁ%ﬁlﬁ{)’% e('e&'/esp%gte:aﬂ%b’ﬂégd@gP%ngrﬁmg%g}s{gl ution or
suspensi onfrom a punp spray container that is squeezed or punped by the
patient or as an a ; S QN ' nt ai ner or
a nebulizer, with ﬁ]gﬁﬁé%'segﬁ@éj@%ﬁ @Efpzééﬁﬁg'ﬁ‘(éé’ﬂghtacf’%ﬁ%% g%'?gtr?gasui tabl e
for i ntranasal desgrfomi.sParentenal agdministeasionaintlydes] idrrexe mplee dubhautaneeus or m of a
dry powder (eijAgfiofl AR verﬁ)%s%'é@t%hé’,ril%rapfeﬁ{on‘é?@rﬁﬁg&t%ns,' iPtr&n%éﬁlepl end with
30l act ose, or as a m xe conpoﬁent particle, Tor exanple, mxed with
injections, intrasternal injections, and infusion. Injectable preparations (i.e.,

15  sterile injectable aqueous or oleaginous suspensions) may be formulated
according to the known art using suitable dispersing, wetting, and/or

suspending agents.

In another embodiment, the present invention comprises a topical dose

20 form. "Topical administration" includes, for example, transdermal
administration, such as via transdermal patches or iontophoresis devices,
intraocular administration, or intranasal or inhalation administration.
Compositions for topical administration also include, for example, topical gels,
sprays, ointments, and creams. A topical formulation may include a

25 compound which enhances absorption or penetration of the active ingredient
through the skin or other affected areas. When the compounds of this
invention are administered by a transdermal device, administration will be
accomplished using a patch either of the reservoir and porous membrane type
or of a solid matrix variety. Typical formulations for this purpose include gels,

30 hydrogels, lotions, solutions, creams, ointments, dusting powders, dressings,



18 phospholi pids, such as phosphatidyl choline) froma dry powder inhaler or
as an aerosol spray froma pressurized container, punp, spray, atom zer
(preferabvg 2any/@ioai zer usi ng el ectrohydrodynam cs to prottuB®1&03ossse m st),
or nebulizer, with or without the use of a suitable propellant, such as
1,1,1,2- 5tetrafluoroethane or 1,1,1, 2,3, 3, 3-heptafl uoropropane. For

i ntranasal use, the powder may conprise a bi oadhesive agent, for exanple,
chitosan or cyclodextrin. In another enbodi nent, the present invention
conprises a rectal dose 10 form Such rectal dose formmay be in the form
of, for exanple, a suppository. Cocoa butter is a traditional suppository
base, but various alternatives nmay be used as appropriate. OQher carrier
materi al s and nodes of administration kddwn in the 15pharnaceutical art may
al so be used. Pharmaceutical conmpositions of the invention may be prepared
by any of the well-known techni ques of pharmacy, such as effective

Formul ati on and AUTARLSLY PLLOLDLAREIYrans TR BBOVR GORh ARt g i

regard to ef f eCFi Ve f or mi rons and ni's |on es are wel |
known in the amtcrqaamdjlaor@.dwemmb@maymlssttaendsaddwm bamks in@@deor mul ati on of

d d i - - id t I
druigs 15 o SCUSBR. o Singh ARk BORKR SR BRI, Aot ol
Eds., Phar nacemulx'v&twle@o@ﬂ@éa%pmylem%/ed)l Pexdteation Bebancerskmahbey. | 1980 and
Ki bb t alg, t

i obe ot ala . EiiporERdRel Ay IR HIRGEAd BBlaPXS g %—%h & Lirati on

The conpounds ¥5-9%&% present invention can be used, al one or

30conbi nation with other therapeutic agents, in the treat rrent of various 19
conditions or disease states. The conpound(s) of the present invention and
ot her therapeutic dgentlgginsraitalije fordgpita adanistiadipe tethesymindugeetons| y

(ei ther in the X% i é%gé?j&g; fvﬁ{erﬂ?euﬂhé'e&ontﬁﬁo%ﬁ%? i |ﬂ§€rg%n e

sequentlally. nment er therapeutic agent 1s dinmebon
(2,3,4,5-t#lr atwﬁger(giezj, i8-a suitable carrier. A typical formulation suitable for ocular or

Sdi met hy1-5- (Z5(fr Jki¥radn NSy B iR & P! o uldds¥ binde/AnRY s0gRgbn Anot her

or solution in isotonic, pH-adjusted, sterile saline. Other formulations suitable
for ocular and aural administration include ointments, biodegradable (i.e.,
absorbable gel sponges, collagen) and non-biodegradable (i.e., silicone)

15 implants, wafers, lenses and particulate or vesicular systems, such as
niosomes or liposomes. A polymer such as crossed-linked polyacrylic acid,
polyvinyl alcohol, hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose, or methylcellulose, or a
heteropolysaccharide polymer, for example, gelan gum, may be incorporated

20 together with a preservative, such as benzalkonium chloride. Such

formulations may also be delivered by iontophoresis.

For intranasal administration or administration by inhalation, the active
compounds of the invention are conveniently delivered in the form of a
25  solution or suspension from a pump spray container that is squeezed or
pumped by the patient or as an aerosol spray presentation from a pressurized
container or a nebulizer, with the use of a suitable propellant. Formulations
suitable for intranasal administration are typically administered in the form of a
dry powder (either alone, as a mixture, for example, in a dry blend with

30 lactose, or as a mixed component particle, for example, mixed with



exenpl ary therapeutic agent may be, for exanple, an NVDA ant agoni st,

acetyl chol i nesterase (AChE) inhibitor, a PDE 9 inhibitor, or a histamne H3
recept or wotagowiwt. 10Exanpl es of NVDA ant agoni sts sui ralbhB20ion50548

co-adm ni stration with Conpound X include, but are not limted to,

2- Am no-443' - hydr oxyphenyl] - 4- hydroxybut anoi ¢ aci d, acanprosate, AM 101
(see http://clinicaltrials.gov/ct2/ show NCT0O0860808), AZD 6765 (see
http://vvww. clinicaltrials.govict2/ show NCT00491686), budi pi ne, CNS-5161
(3-

15(2-chl or o- 5- (et hyl t hi o) phenyl ) (et hyl ) ( 3- (et hyl t hi o) phenyl ) guani di ne),
CR- 2249 (see Garofalo et al., J. Pharm Pharmacol., 1996, 48:1290-1297),
CR3394 (see Sarre et al., Eur. J. Pharmd8ol., 2008, 584:297-305), CR-3991
(see Garofalo et al., Soc. Neurosci. Abstracts 2001, 27: Abs 564.8),

di mracetam EVT-101

(5-(4-fluoro-3-(d| 0 I 1) ra3= t - L ol - 1-

20y1 ) met hyl ) pypgrfogg%h;éggs: %%/sl%g)gﬁglg%cﬁolﬁg;ﬂ% ah(}/r{/ pé\'&héﬂhﬁ’a% drad

htt p: // vvww. evat aerosa spaiyspinay peassunided Canhger . pegbsepeiyl dtomizearticl e i d/ 11/ w
eb site_part_id/ t j NGy I . uper zi ne
A i ndant adoT, UREREEYERAbRERL A0 Mot fytSirorkhifilc 1d HBaudd T ARG, of

htt p: // cl i ni catebulizdrswifoor witiRus thewskiOT 6 Guiza1@ piopelmbayichas el 1.8er anexane,

25bi s- (7)-tacri 0..(ss ) :

et p: 1 ol i i o e e o P PRI S P R Jggesel e the

(5-(2, 3, 5, 6-t epoveder cwmysompfise aftiaadhesive hgant.fenexammié, wbitesan diydr oxybenzoi c
acid), NT-13317 odextri

(di hydro- 1- p- t SV 1M pyrr ol of 1, 2- a] i mi dazol €2, 5( 3H, 6H) - di one), NVA-011
(see CGonzalez et al., Colloque de |a Societe des neurosciences (2007), 23
(Abs D. 22)), perzi aneLJ; g f Lor-odi lif.Lham de,
TI K-101 (d-cycl ose% %ﬁe(?bet op|%ﬂ%ﬁéﬁ]eﬁ%ﬁ?l%%@%gggﬁég& 2 recidtobsd

htt p: // vvwif yaioponSuobrragieidasedoromap be duthedoim of, for esampleph aupreosieryi cal |y
accept abl e sal - i i l e for
co-adm ni st rat?%%]dg?u\?\ntg{ Iﬁ %&%ﬁ@agWﬁ@%%ﬁﬂ?’g@t&gpg&%@rﬁ%tlﬁ/ﬁtwl ea&%%o, t he
NVDA ant agoni stssddissppoxpsidtei n U. S. Pat ent Application Publication Nos. US
2007/ 197594 or US 2009/ 124600, or in PCT Publication Nos. WO 02/72542, WO
02/ 80928, WD 03/10159, WO 04/108705, WD 06/ 10964, WD 06/ 10965, WO 06/ 10966,
WO 06/ 10967, WO 06/Ctheremrianmagiasasymoves ofgidnamigtration\ypo@s/ne200, WO 10

08/ 91901, 0 : : - WO

02/ 15505, 1o SIF I ebaRy st thaidiicel BEBRMGIRE e T ai
sal t thereof. iBxeniiphesaydie pepdEed hiniaby bihe valltknaiyh dedhoiques oberrmiasy.r at i on
Lo, (-)- phonsar s oeenEIEn A UL RN Rl Tt Rang ot ol .
Eur. J. Phar neeoisideratiog®in regddio effective saymypdigashpmrbadrdipisption |, EN- 101 (see

Argov et al., ) géd?}r&gé(r,e v?éhc%owﬁﬁgtrhgc a7r9103r73 dgéérﬁgﬁﬂ%tgg%adgwggﬁak

huprines, | NV (see "Drugs un I'inical trials in 20
Koreana, 2405, Fargilatiog2f ¢oips is disguspeibin. fenkrarmplentioewenddrningiosse Popa et
al., J. Ml. “P/g‘érﬁ%ﬁéuticagg(ggce_’é%gagP@@ﬁg ing'@%ﬁcﬁb‘é'td?v, PERIIRARBUh§RAY!
fluoride, netrifonate, m nopezil, NP-61 (sée

Liberman et al., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New

York, N.Y., 1980; and Kibbe et al., Eds., Handbook of Pharmaceutical

Excipients (3rd Ed.), American Pharmaceutical Association, Washington,

25 1999.
Co-administration

The compounds of the present invention can be used, alone or in

30 combination with other therapeutic agents, in the treatment of various



http://vvww noscira. con i nvestigaci on. cf n?n5=228&n15S=252), physosti gm ne,
rivastigm ne, SP-004 (dinethyl carbamc acid 2, 3-bis-

25di met hywoantiamwwyh oxy- 6- ( 4- et hyl - pi per azi ne- 1- car bonyl pcphBryi/ozsiser ) ,
TA2- PZ5 (see Manetsch et al., J. Am Chem Soc., 2004, 126:12809-12818),
TA2- PZ6 (see Manetsch et al., supra), tacrine, TZ2-PA5 (see Manetsch et
al ., supra), TZ2-PA6 (see Bourne et al., Proc. Nat. Acad. Sc., 2004, 101:
1449- 1454), or UR- 1827 (see Anpeiji et al., Japan. J. Pharnacol., 1999,
79: Suppl 301), or a pharmaceutically acceptable salt thereof. 21

O her exanples of AChE inhibitors suitable for co-admnistration with
Compound X include, but are not limted to, the acetylcholinesterase

i nhi bi tors disclosed in Chinese Patent P8blication No. CN 101440061,

Eur opean Patent 5Publication No. EP 1891954, U.S. Patent Application
Publ i cati on No. US 2009/149444, or in PCT Publication Nos. WO 05/05413, WD

091 3635 vio oerDNRBR D sy s TP Bolusta e wSENIBINS s o) 05202,

or WO 98/ 0669 7othertherapbaticemeat(s) ray by may bepdatinistesal simtiteereeosly (cither

Exampl €5 of POF i L. BbLOE oMbl ARLGALRL £a5800E) 51 AL AR h BagOmPOUNd X

i ncl ude, but are no
htt p: // cli ni ca¢mbédiinentythe/athel/tisdropg ICFQYO839 OB bondR, 3, pledrahpdretd8cal | y

accept abl e sal R ept or
antagonlst§§sd? %Eﬁ%§?§ 6ﬁéﬂ Fﬁng%?&@Yg§HaﬁTﬁ4g%ﬁpd§§hﬁioﬁﬁglude but are
not limted toexekmmrglr&r@mcegermmmbarforexamnbdamhMﬁAamagomstz 5603-5611),
CEP- 26401 (see, Cgl%g I n Abs
824.13), cipr ox(%e I&*oh%s&e E/%)Ep? é%&%os gr?éh/ﬁlggérB%h%ralg%@n%tﬁsal Abs
Soc Nucl ear Megcgpior ddeganinj, 2009, Abs 1212), ABT- 288 (see Esbenshade et

al ., Soc Neurosci Ann Meeting 2009, Abs 715.23/C13), HPP-404

((7-chl oro-2-(4-

cycl opr opyl®i per aziBxamples)af biMidh antagorysty Sujatiiofor opypdinirestradinomdh, SAR- 110894

Gk 25835726 (LLROESS Pl ARGk (AR Bgam R R bR 4"+
GSK- 1004723 (sfe,eir@yauﬂaneit: agid, acawhnrew? AMOO@ (se@4: Suppl 90 (129), GSK-239512
(see ttp: 111 B a8 034501 | pr- 3654746
(see http://cl i /afaw;cnracaitngb\goutczwmuwcgow@mammqgm,m;s 5161 (3-
D <o 15 B AABSRERERILI LN RISAR: LR fnd iSalanerTme

2249 (see Garofalo et al., J. Pharm. Pharmacol., 1996, 48:1290-1297), CR-

3394 (see Sarre et al., Eur. J. Pharmacol., 2008, 584:297-305), CR-3991 (see

Garofalo et al., Soc. Neurosci. Abstracts 2001, 27:Abs 564.8), dimiracetam,

EVT-101 (5-(4-fluoro-3-(difluoromethyl)phenyl)-3-((2-methyl-1H-imidazol-1-

20 yl)methyl)pyridazine), EVT-103 (see
http://www.evotec.com/display/articleCategorizedDetail/cms_article_id/11/web
site_part_id/4/selected_category_id/6), flupirtine, himantane, huperzine A,
indantadol, memantine, mimopezil, NA-1 (see
http://clinicaltrials.gov/ct2/show/NCT00728182), neboglamine, neramexane,

25  bis-(7)-tacrine, Neu-120 (see http://clinicaltrials.gov/ct2/show/NCT00607451),

Neu-2000 (5-(2,3,5,6-tetrafluoro-4-(trifluoromethylhbenzylamino)-2-
hydroxybenzoic acid), NT-13317 (dihydro-1-p-tolyl-1H-pyrrolo[1,2-alimidazole-
2,5(3H,6H)-dione), NVA-011 (see Gonzalez et al., Colloque de la Société des
neurosciences (2007), 23 (Abs D.22)), perzinfotel and produgs thereof,

30 radiprodil, ralfinamide, TIK-101 (d-cycloserine), topiramate, or YT-1006 (see



that the two conpounds are adm nistered closely enough in time that the
presence of one alters the biological effects of the other. The two or nore
5conpoundsormy/tog77adm ni st er ed si mul t aneousl y, concurr eRrCITIBDN1/050548
sequentially. Additionally, sinultaneous adm nistration nay be carried out
by m xing the conpounds prior to adm nistration or by adm nistering the
conpounds at the sanme point in tinme but at different anatomc sites or
using different routes of adm nistration. 10 The phrases "concurrent
adm nistration,” "co-adm nistration,” "sinultaneous adm nistration,"” and
"adm ni stered sinultaneously" nean that the conpounds are adm nistered in
conbi nation. 15Kits The present invention further conprises kits that
are suitable for use in performng the @thods of treatnent described
above. In one enbodinent, the kit contains a first dosage form conprising
one or nore of t he conpounds 200f the present invention and a container for

the dosage. | ARGt BEIERborh B Rlcloh Al ol G- dFRL t he
ki TR e bR, o B %e pr

pr esent |nvent| esent

i nvention conpmxsp@bbﬁaﬂmmmnuﬁe conpounds of the i nvention.

I nt er medi at es 23 Experinmental Procedures and Worki ng Exanples Cbnpound X
may be prepared by the nethods described bel ow, together with synthetic
met hods known i n t K¥herraxagiplasraf AMRA entegorists puitaile modiallimiastiadins and
der i vat ! zatd ongul BBoR & AEIdeabu (e hARFBo INIA afkbbliok D the art:
The starting materrals used herern are conmmercia aval e or may be
prepared by rolistleredriethDdaténidnli¢ation Rabbgatior Ql@sHJ%QOOH@%EMFWS

di scl d [

Synt het i ¢ Vbt Hn gt G B PLT BURRRE, S s e PR D ST Rt ar v ed
10met hods i ncl Q&) 139uVRPE 108203, W D8/d 096, W@ §64 0868 ANDHEH 0SB OWO

During any of ddifedd! LRIDBA0SHTIS b 638ARBARM drier W oRRy 1088 SRy and! or

desirable to protect sensitive’ or reactiVe groups on an nol ecul es
concer ned. 10Thi @3/ 1bW Q0% 0e4Fd Wy Oﬂﬁaﬁ$8bNV@@ﬁ)(ﬂé3ﬁ843)rVM© 0}353&364,6\6@ ng

groups, such ag){fQsevRSEFHbERS of WSHERRE7, BF QRGN A BuR MY BEcdotable

salt thereof.

Examples of AChE inhibitors suitable for co-administration with the

15  compounds of the present invention include, but are not limited to, (-)-
phenserine, acotiamide, bis-(7)-tacrine, BZYX (see Zhang et al., Eur. J.
Pharmacol., 2009, 613:1-9), desoxypeganine, donepezil, EN-101 (see Argov
et al., Neurology, 2007, 69: 699-700), galantamine, huperzine A, huprines,
INM-176 (see “Drugs under clinical trials in 2005,” Pharma Koreana, 2005, 15:

20  82-89), itopride, malathion, memogain (see Popa et al., J. Mol. Neurosci.,
2006, 30:227-232), memoquin, methanesulfonyl fluoride, metrifonate,
mimopezil, NP-61 (see
http://www.noscira.com/investigacion.cfm?mS=228&mSS=252),
physostigmine, rivastigmine, SP-004 (dimethyl carbamic acid 2,3-bis-

25 dimethylcarbamoyloxy-6-(4-ethyl-piperazine-1-carbonyl)-phenyl ester), TA2-
PZ5 (see Manetsch et al., J. Am. Chem. Soc., 2004, 126:12809-12818), TA2-
PZ6 (see Manetsch et al., supra), tacrine, TZ2-PA5 (see Manetsch et al.,
supra), TZ2-PA6 (see Bourne et al., Proc. Nat. Acad. Sci., 2004, 101: 1449-
1454), or UR-1827 (see Anpeiji et al., Japan. J. Pharmacol., 1999, 79:Suppl

30 1), or a pharmaceutically acceptable salt thereof.



Organic Chem stry, John Wley & Sons, 1981; G eene and Wits, Protective

G oups in Oganic Chemstry, John Wley & Sons, 1991; and G eene and Wits,
Pr ot ect i wOoGDumos774n Or gani ¢ Chemi stry, John Wley & SomsT/I@899950848 ch are
her eby incorporated by reference. 20 It will be understood by one
skilled in the art that the various synbols, superscripts and subscripts
used in the schenes, nethods and exanples are used for conveni ence of
representation and/or to reflect the order in which they are introduced in
t he schenes, and are not intended to necessarily 25correspond to the
synbol s, superscripts or subscripts in the appended clains. The schenes are
representative of nethods useful in synthesizing the conpounds of the
present invention. They are not to const¥ain the scope of the invention in

any way. 24 The following illustrate the synthesis of various
conmpounds of the present invention. Additional conpounds wthin the scope
of this invention may be prepared using the nethods illustrated in these
Exanpl es, e| ther alone or in conbination with techni qgues generally known in
the art. ExPeen exampiesvod AChgentgbitdrs puitadbe foe do-edministéon witler t

at mospher e (”'{3 &ELOBE .n%[u%8“8ut aP{J‘ﬁ(Bt nﬁh‘ﬂeé‘ Mhé ch%ﬂ&?o?.PX‘QS@Ee W‘B& or
noi st ur e- sensi reag mrerci a

sol vents and r@s@@ﬂdgn W@msgéatﬂnaPuvlcaB@de @Ndoﬂ.44(l®|6ﬂ hléerptﬂn Patealt i on

unl ess i ndigcat r igRg | udi

approprlaté§(g§ﬂ%?é qum%ure aﬁ$%ﬂy%ogg%ﬁgﬂ¥@%%ﬁﬁh§&ﬂﬁﬁﬂﬁ] &Qﬁénlca
Conpany, M waZﬂO@é149W$(mrrrsPG)' PL@WHDO&JOSSWG 85054613, W2 De/@L7emgYet i c
resonance (N e hhibd ref erenced
o res dual | peli FASHIR SHRIET N BB g b Tbh 0 O pRBeass, 12 *

synt heses r ef eNEN26/AG Gor VELETUIRBEL93, VO ORBSBIEX atpl ¥£0041220/0 YHO0TH2d0t | ons

(length of reagyy %ggéryj,éhf%ﬁﬂ%rﬂ{a%@% Wgcc\ég{a%'e I i6§agr al . reactions were

foll owed by thin ography -or SS spectronetry, and subj ected
t o wor k- upl@®hen appropriate Purifications may vary between 20experinments:

in general, solventg %std??’D%% ‘ﬁﬂl%'ito(sashit eﬂ‘t?r%g afd%mgtjr%@ﬂgﬁ((hgrad' ents were

chosen to prOV|de appr prla e reten
Synt hesis of (Rympaynid oludet btapyejn@fhuﬁtadi@-PF 4447943 (see

Yl oxv) benzof dl j ﬁ)ofﬁﬁﬁglﬁﬁf?é'lsy%n_ é/@ﬁé@h‘&@bg%&) &r bihdrmaceutically

-yl )nmethyntetra
acceptable salt thereof

15
Examples of histamine H3 receptor antagonists suitable for co-

administration with Compound X include, but are not limited to, APD-916 (see
Covel et al., J Med Chem, 2009, 52:5603-5611), CEP-26401 (see Le et al.,
Soc Neurosci Annual Meeting, 2008, 38: Abs 824.13), ciproxifan, 11C-MK-

20 8278 (see Sanabria-Bohorquez et al., Abs Soc Nuclear Med Ann Meeting,
2009, Abs 1212), ABT-288 (see Esbenshade et al., Soc Neurosci Ann
Meeting 2009, Abs 715.23/C13), HPP-404 ((7-chloro-2-(4-
cyclopropylpiperazin-1-yl)quinolin-5-yl)(cyclopropyl)methanone), SAR-110894
(see Guillot et al., Soc Neurosci Ann Meeting, 2008, 38th: (Abs 160.21), GSK-

25 835726 (see Ford et al., Allergy, 2009, 64:Suppl 90 (69)), GSK-1004723 (see
Clark et al., Allergy, 2009, 64:Suppl 90 (129), GSK-239512 (see
http://clinicaltrials.gov/ct2/results?term=NCT01009255), JNJ-17216498 (see
http://clinicaltrials.gov/ct2/results 7term=NCT00424931), PF-3654746 (see
http://clinicaltrials.gov/ct2/results 7term=NCT01006122), or pitolisant, or a

30 pharmaceutically acceptable salt thereof.



I sO NO (5) K2C(C3, DMAc (9)(11) 5 Methyl 2-fluoro-6-hydroxybenzoate (2):
To a 20L jacketed reactor were charged 2-fluoro-6-hydroxybenzoic acid

( Cakwood Woaducts]740. 972 kg, 6.31 nol), nethanol (7.60 krranzhisodobas i c acid
(0.710 kg, 7.24 nol, 1.15 eq). The jacket tenperature was heated to 60C and
the reaction mxture was stirred for 45 h. The reaction m xture was
concentrated under vacuum and 1O0approximately 7.5 L of nethanol distillates
were collected. The resulting thin oil was cooled to 20C. Water (7.60 L)
and ethyl acetate (7.60 L) were charged to the reactor, and the product
extracted into the organic layer. The Et0Ac solution was washed with a

sol ution of sodium bi carbonate (1.52 Kg) in water (6.92 L) followed by a
brine solution of sodiumchloride (1.7428g) in 15 water (4.08 L). The
resulting Et0OAc solution was concentrated to dryness. A light orange oil
was isolated; the oil slowy crystallized upon standing to give the title
conpound (2) (0.952 Kg, 5.60 nol, 89%yvyield). 1H NVR (400 MHz, CDCI3) 6 ppm
3.97 (s, 3H), 6.59 (ddd, J=10.9, 8.2,1.2, 1H), 676(dt J=8.2, 1.1, 1H),
7.35 (td, J=8.6, 6.T8¢ a]jhﬁiyr)lstﬂalloﬂlﬂaf(vm orlrh’()re CDB(DONM% maﬂnmmat;oncm@rae 26 6

(G 311 5 15a0h q Eghidundy 3Ry dmhrerdERbey %%ueﬁé gt NEH9Y 05 (meay
2- Fl uor o- N, 6- ch)rhwjmwmﬁaﬁmsm BiglpgicaiefecBaf theectberoil hevio etraoged wat er
(4.47 L) argj %%;%%g?u apg)r?salgwr?lgt%re(d%lrﬁgl%%ggsli oﬁz%r?{ézf’okt he mxture was

5stirred at 2 otassi um car 27.98 nmol) in
sequentially. Additionally, S|multaneous administration may be carried out by

mixing the compounds prior to administration or by administering the
compounds at the same point in time but at different anatomic sites or using

different routes of administration.

10
The phrases “concurrent administration,” “co-administration,”
“simultaneous administration,” and “administered simultaneously” mean that
the compounds are administered in combination.
15 Kits

The present invention further comprises kits that are suitable for use in
performing the methods of treatment described above. In one embodiment,
the kit contains a first dosage form comprising one or more of the compounds

20 of the present invention and a container for the dosage, in quantities sufficient
to carry out the methods of the present invention.

In another embodiment, the kit of the present invention comprises one

or more compounds of the invention.

25 Intermediates

In another embodiment, the invention relates to the novel intermediates

useful for preparing the compounds of the invention.



water (5.05 L) was slowy added to the reaction m xture to forma thick
white mxture that was stirred at 20C. A solution of nethyl 2-fluoro-6-
hydr oxybewecatietofZy (0.952 Kg, 5.60 nol) in nethanol (9PBZ/IBY01We5E oW y
added to the reactor resulting in mld off gassing. The reaction m xture
was 10t hen heated to 35C and stirred for 20 h. The reaction m xture was
cooled to 15C and stirred for 1 h. The mxture was filtered to renove
inorganic material. The reactor was rinsed with nmethanol (2.86 L) and the
tank rinse was used to wash the inorganic cake. 15Analysis of the cake
indicated that it contained product. To a 20L reactor was charged net hanol
(10 L) and the inorganic cake and the m xture was stirred at 25C for 30
mn. The nmixture was filtered and the c#Re washed with methanol (3 L).
20The conbined filtrates were charged back into the reactor and
concentrat ed under vacuun1mnth the jacket tenperature set at 40C unti
approxi matel y Eberi el d at 25C and conc. HC
(5.51L) was addet: e 0 t5Cand stirred for 2 h. The
white slurry was flltered and the resultlng product cake was washed with

25wat er (4.76L bl acuum oven at
40C for (12 h. 2I'he SI re prO%)Gb(—?b%egg%?;bﬁﬂgn?ei‘r‘?cgigq{e%?rﬂ)ed\rl\b/ggov?’sorgt edvl n
78% yi el d. 1H tNyRheAQith $thetiCDBOM)dsonopmind th@lar{ of or@i clendstry, ddd, J=10. 9,
8.5, 0.8, : VB
223" 00 i) BB nd Bndusfichs ke il s BB At 18
react or were cthargetihe etartmbyahtefials ased [reip arg cemuahedcialy -avaifiptengr rday m dazol e

(0.910 Kg, Then a

Soi uti on-of -3 FopboR ERToRFRUEhAM Mol h i 8 bh ot BosBindifibas. 1T

t et r ahydr of ur atisgldsedian landars re@ra;wbpookm&gbc%ttbe Caepeadiomoy’ Qrgarmic ai ni ng t he
tenperature be 1 sone off
gassi ng was Ob%%%%%%ﬁgds?yogt%ﬂ Bﬁn?“éﬁ%ar WIIQQL%IQC%H@(;?%&')%Q@\%% 30 mn
and stirretD f onetholls inTlider s @reonotimited to Itleabetdesatiedfbsidvowed by t he additi on
of 1N aqueous hydrogen chloride (7.48L) over 15 mn to adjust the pHto 1.
The jacket tenperature was 10 set to 35C and the reaction m xture
concentrat ed under Drdogany pbthe dofowingagyptheiic sequsingesit 68ly befneTeffsaryThe r eact or

was cool ed to;ragC I lurry was
filtered, the ca erad\/\%/gg%\)\%gc{ﬁgtecpg%r%'tne OTFb%gﬁ\%s&bgjb§ ¥\‘ﬂ}r%ﬁeetaéi n a vacuum
oven at 40C f onolegulgs caneermbss T hie ¢apbe@gbieved &y megos7ofgongergionatol ), was

ol ated | 5 908416l forof b MY, (00 M FRANDL DA PR OB lps 1) 6. 95

Organic Chemistry, John Wiley & Sons, 1981; Greene and Wuts, Protective

Groups in Organic Chemistry, John Wiley & Sons, 1991; and Greene and
Wuts, Protective Groups in Organic Chemistry, John Wiley & Sons, 1999,
which are hereby incorporated by reference.

20

It will be understood by one skilled in the art that the various symbols,

superscripts and subscripts used in the schemes, methods and examples are
used for convenience of representation and/or to reflect the order in which
they are introduced in the schemes, and are not intended to necessarily

25  correspond to the symbols, superscripts or subscripts in the appended claims.
The schemes are representative of methods useful in synthesizing the
compounds of the present invention. They are not to constrain the scope of

the invention in any way.



1H); LRMS 154.029 (mt+l). Tert-butyl

4- (tosyl oxynet hyl ) pi peri di ne-1-carboxylate (5): To a 20L jacketed reactor
wer e charwedodiwii7er omet hane (8 L), N-boc-4-pi perdi ne 2@aceimhznobs068 982 Kg,
4.56 nol) and p-toluenesul fonyl chloride (0.970 Kg, 5.09 nol) and the
resulting mxture was stirred at 20C for 5 mn. Triethylamne (0.94 Kg,
9.29 nol) was added to the reactor via an addition funnel and the resulting
deep red solution was stirred at 25C for 16 h. A solution of sodium
carbonate (0.96 Kg, 9.06 nol) in water (7.04 L) was charged to the reaction
25m xture and stirred for 1 h at 20C. The phases were split and the organic
| ayer washed with brine (6 L) and concentrated at 40Cto a |l ow stir vol une.
Di met hyl acetami de (2 L) was charged to t#He reactor and concentration

conti nued under full vacuumat 40C for 1 h. The solution of tert-butyl 4-
(tosyl oxynet hyl ) pi peri di ne- 1-carboxyl ate (5) in dinethyl acetam de was held
30 for further pro i I t proxi mat el y
28 90% potency. A grglgﬂ)lmv\ésm%tg él\@zi’ Sgﬂtﬁg%%gfe\?l 'OBE ér%c(ﬁﬁgﬂr ydr?:eﬁsaeg for purity
anal ysis. 1H NwBs rnﬁmleMqu A@ﬁ)@D | cémppunds. \@thirl theZcopg of2his inventidn (s, 9H),

(4 3%6.7 (?m%g%bgéfe}%%f ?%ng‘%rﬂ“ﬂdéﬁ"“%ﬁa‘e? ek ERalBIgg: diber gl )"y >
13C NVR 5( 400 albizg oGDCh@pingtignpwiti2 tecbriquesgargyrallgdnaen isheas, 73.97, 79. 50,
126.99, 127,84, 129.86, 132.84, 144.84, 154.63; LRV 739.329 (2m+l).

Tert-butyl 4((4-fluorobenzo(dlisoxazol -3-yl oxy) nmet hyl ) pi peri di ne- 1-
carboxyl ate (6): Tdxpe0ents auckeyeybralyaatrad (Wéuederhmrgetm%blnm’ehyl acet am de

10(4.28 L), t 5 (1.68
o 456 ol ) roBPhet afich BRPORNIT ALARKPRIGILIE A iRiRIEhak (°)

pot assi um car bieageds pelﬁter@edletesavmleynpkxysdl@@m@erqmlaowmtslan@eeay@nsl urry.

Th t th | ed
to 200 Tol | ondesiehl sl BRI B et ndbagpolhelilts. 10" 2737
L). After 1®Bm ir¢lnding enhydious splvenkeewidra sppropdate (gmetraalbfostaa@esb |t The
organic I ayer YRS, derBadndhldiRiEhidPedholrly, MRRALID iiBEoagyeous wash to

waste. The organic m xture was vacuurmh w a’maxi num j acket
t enper at ur e of CHg@calrahifls fapprotsar mageetic esenansadNME] data arbexpreagsadon .

Met hanol (2. 68 | nf é%stE | % L R LRSS ted under
vacuumto abouthgg q_@ﬁ}.ﬁ&?@% %?j(r:)e\t/fv(};lr%ln{E r&%a;l%aoﬁg %%@HL wasé}%Lgr ged to the
reactor and th@lmmr’nblngedsol ution was stirred at 25C for 15 min. Water
(0.54 L) added over 15 min resulting in a white slurry. The m xture was

cooled to 15C, stirred for 1 h and then filtered. The filter cake was
washed with a sol utfopaynifiesgatreferqnoingpraceduresneothgnbkanipes.4eqdtiont hen ai r

dried for 30 n&d?\ditibﬁénérﬁgqﬁ 'E)Pr%aEt%naan\GatngBH?aﬂYrgpmwgary. In general,
reactions were followed by thin layer chromatography or mass spectrometry,
and subjected to work-up when appropriate. Purifications may vary between
20 experiments: in general, solvents and the solvent ratios used for

eluants/gradients were chosen to provide appropriate Rss or retention times.



25dried at 40C for 12 h. The desired product, (6) (746 g, 2.13 nol), was
isolated in 61%vyield. 1H NWVR (400 MHz, CDCI3) 6 ppm 1.23-1.37 (m 2H),
1.45 (s, WHRP1111078B41.88 (m 2H), 2.04-2.17 (m 1H), 2.6Pc2aB8R1{/ng058H),
4.02- 4.26 (m 2H), 4.28 (d, 6.6, 2H), 6.89 (dd, J=8.6, 7.5, 1H), 7.21 (d,
J=9, 1H), (td, 8.6, 4.9); LRWs 351.171 (ml). 29 (R -Tert-butyl

444- (t et rahydr of ur an- 3-yl oxy) benzo(dl i soxazol - 3-

yl oxy) net hyl ) pi peri di ne-1-carboxylate (8): To a 20 L glass reactor with the
j acket set to 20C were charged (R)-tetrahydrofuran-3-ol (7) (297 g, 3.37
mol ) and di nmethylacetamde (5.1 L). 2.0 M sodium bis(trinmethylsilyl)am de
in THF 5(1.37 L, 2.74 nol) was slowy added via an addition funnel while
mai ntai ning a pot tenperature | ess than230C. The resulting orange/red
solution was stirred at 25C for 30 mn. Then, tert-butyl

4- ((4-fluorobenzo[ d]isoxazol -3- yl oxy) net hyl )p| peri di ne- 1- car boxyl ate (6)
(640.15 g, 1. ure was stirred at
25C for 16 h. %ﬁm—xﬁ@%%ﬁw b MG RN (FARL LA and vater (6.4 L)
was sl ow y addgddxyibve ; piviine thvh) pjeridiretpdinagth ahi/eh

35C. Ethyl acejg a(n°4|o) was added and the bi phasi c mxture was stl rred for
15 mn and theﬂég'pa'-a'l—ed The aqueous | ayer was back extracted with

addi ti onal ethyl caeetate (4ok)yw The conbi ned ot gani cs wer esthen washed with

water (5 L) and % lbedk n ol wtprorst 5 L) . [ The organi cyni xXt'ure was
concentrated un FVacugm t hecoj meket t enperat ure set 40C to

approximately 3 Lmand held f@r further processing. Quantita®ive yield of
t he desired produept}@(S) (0.76 Kg, 1.82 m)l)

&) \|, o-N M -N
o 2 o TsOH
o] N\( - .
K,CO3, DMAC 0 NaHMDS, DMAc o A<° EtOAc

1. NapCO;, EtOAC

ozN O Q
e D~
2. . IPA

10

SO4H
o
o]

© (n
5  Methyl 2-fluoro-6-hydroxybenzoate (2): To a 20L jacketed reactor were

charged 2-fluoro-6-hydroxybenzoic acid (Oakwood Products; 0.972 kg, 6.31
mol), methanol (7.60 L) and sulfuric acid (0.710 kg, 7.24 mol, 1.15 eq). The
jacket temperature was heated to 60°C and the reaction mixture was stirred
for 45 h. The reaction mixture was concentrated under vacuum and

10 approximately 7.5 L of methanol distillates were collected. The resulting thin
oil was cooled to 20°C. Water (7.60 L) and ethyl acetate (7.60 L) were
charged to the reactor, and the product extracted into the organic layer. The
EtOAc solution was washed with a solution of sodium bicarbonate (1.52 Kg) in
water (6.92 L) followed by a brine solution of sodium chloride (1.74 kg) in

15  water (4.08 L). The resulting EtOAc solution was concentrated to dryness. A
light orange oil was isolated; the oil slowly crystallized upon standing to give
the title compound (2) (0.952 Kg, 5.60 mol, 89% yield). "H NMR (400 MHz,
CDCls3) 6 ppm 3.97 (s, 3H), 6.59 (ddd, J=10.9, 8.2,1.2, 1H), 6.76 (dt, J=8.2,
1.1, 1H), 7.35 (td, J=8.6, 6.3, 1H), 11.24 (s, 1H); *C NMR (400 MHz, CDCl5)



in ethyl acetate was assuned. A sanple was pulled and concentrated to
dryness for purity analysis. 1H NVR (400 WHz, CDCI3) 6 ppm 1.25-1.38 (m
202H), 1.wW020s1/1091, 1.76-1.84 (m 2H), 1.89-1.97 (b, 1lIFCT/IR2090D542 (m
1H), 2.14-2.28 (m 2H), 2.63-2.84 (m 2H), 3.90-4.21 (m 6H), 4.24 (d,
J=6.3, 2H), 5.00-5.05 (m 1H), 6.48 (d, J=8.2, 1H), 6.98 (d, J=8.6, 1H),
7.37 (t, J=8.2, 1H); LRMS 419.216 (m+l). 25
(R) - 3-(Pi peridin-4-yl met hoxy) -4-(tetrahydrofuran-3- yl oxy)benzoN i soxazol e
4- met hyl benzenesul fonate (9): To a 20L jacketed reactor charged et hyl
acetate (6.1 L), (R-tert-butyl 4-((4-(tetrahydrofuran-3-
yl oxy) benzo[ d] i soxazol - 3-yl oxy) net hyl ) pi peri di ne- 1-car boxyl ate (8) (0.76
kg, 1.82 nol) and p-toluenesul foni c aci @nonohydrate (0.413 kg, 2.17 nol)
and 30 stirred at 20C for 30 mn. The reactor jacket was heated from20 to
65C over 30 1 h and then held at 65C for 16 h. The reactor was cooled to
15C over 1 h 7 S re f ered, the
aglg%gt%r}%f gfg?gé)‘] %é)hgjoglgﬁﬁa% Eé)drl egﬂﬁj‘] 1\5\?1%Ft§§rh’for 30

cake was washed air
m n. The cake J4%d.8)r Hilst&r163811(d J&W@(),Lﬂl@ﬁ\&?\(dn?) EhMAUITeMAMHUOC for 12 h.

The desired I | d
tops) . 1t N TTBbo e Srughitybtomtmide U8, 1qo 48° it B8 bubhod iyl 0 4y
g ég 421 g? Em (@Hy7, L)zanssly(itdoxylam)ne Blfate-(8.480 kgn39. QHmol)sthaxmstu@owasn( 2H)1,H)
.72 (4, 35k, 2 ppyet 28 % solic of ekl tallibghly (7o, 2 Mp R U (D)
J=8.6, 1H), 7. Wﬁe(@O&L)aN@ slawly adieMS tmaaﬂ_e@:tlg_rﬁﬁ‘qm@)toformathlckwhlte

(R) - 44444- ( Tet £ ahydy JPaft Wféré |$ecY tﬁzq‘?fﬁ%f& SH bﬁﬂéﬁfloi Aro-

yl oxy) net hyl ) pi peri etrahydro- pyr an- 2 ol (11): To a 20L
jacketed r eactwdrwbenzﬂaw@éd) it IKg, .60 Hol))jn mnmaQoHB@mLc)a\tab@mlﬁ (0.98

15kg); th | ved. Th
(R gé plep?r |X5 ngﬁvﬁfe %ﬂ ’%gu'ﬁﬂ? F'Ce)rﬂd;ﬁ@% fr{?r gﬁggéa%ﬁox%gi)en?%%d}/?soxazgre
4- net hyI bﬁhzethesbeatedé@%@enOKSIB(BdQQrZD.rsg’hmee)ctlanméturwwasawmte (6.0 L)
vere added {0 418 JBAGHEE (3 SHoTHER Ao e LPlo RhoM horddif Phases were

split and the | ower aqueous |ayer was racted w th ethyl
acetate (6.0 LmateaadehdneQaCBwv\@sumseGrWéh meympb(Zlaﬁyléra@d\Alee@nwm ned in the

20L reactor ang dg\?égaqg a‘é’h?ﬁequ rchg% (3.0 L). The ethyl acetate solution

was concentrated to under vacuu to a low stir volune. I|sopropyl
al cohol (3.75 L) vvas added and concentrati on continued until 2 L renained

in the re or. %{g%g/%@%#tries & R datdd ﬁgn%orﬁ%ngéallohu&a{f’og%ﬁd and the

m xture COO ed to e reactor was
1, 6- di oxaspi r ofe2cte] was amrgéd ethapel(1g L) aanemrparan@akm@dtbgmlxmrﬂg sol ution

heat ed 1o 50C gadetd ;08¢ R 3% THHIRHFAGLE Aol ShU R 288 ALET to 30C

and water (15 L) was a over ct crystal rom sol ution
and t he resul twitymethanph(3was cool ed to 15C over 1 h and then granul ated for
4 h. The product was filtered and washed 30 with water (3.75 L). The cake

was blown dry with nitrogen for 30 mn and then
20 The combined filtrates were charged back into the reactor and

concentrated under vacuum with the jacket temperature set at 40°C until
approximately 10 L remained. The mixture was held at 25°C and conc. HCI
(5.51L) was added. The reactor was cooled to 15°C and stirred for 2 h. The
white slurry was filtered and the resulting product cake was washed with

25 water (4.76L), blown dry with nitrogen and then dried in a vacuum oven at
40°C for 12 h. The desired product (3) (747 g, 4.36 mol), was isolated in 78%
yield. "H NMR (400 MHz, CD30D) & ppm 4.91 (s, 3H), 6.63 (ddd, J=10.9, 8.5,
0.8, 1H), 6.72 (dt, J=8.2, 0.8, 1H), 7.31 (td, J=8.2, 6.6, 1H); MS 172.040
(m+1).



31 transferred to a vacuum oven and dried at 40C for 12 h. The desired
product, (11) (588 g, 1.36 nol), was isolated in 89%yvyield. 1H NVR (400
VHz, CDCI8D 2611ppom7a. 41-1.63 (m 6H), 1.71-1.81 (m 2H), PCTAR2011/83b54sm 1H),
2.17-2.26 (m 2H), 2.33 (s, 2H), 2.4 (td, J=11.7, 2.3, 2H), 2.92 (d,
J=11.8, 2H), 3.46 (s, 1H), 53.71-3.84 (m 4H), 3.91-4.10 (m 4H), 4.24 (d,
J=5.9, 2H), 5.03-5.08 (m 1H), 6.50 (d, J=8.2, 1H), 7.00 (d, J=8.2, 1H),
7.38 (t, J=8.2, 1H); 13C NWMR (400 MHz, CDCI3) 6 ppm 29.11, 33.10, 35.20,
36.92, 36.96, 56.15, 63.93, 67.14, 67.46, 68.27, 72.94, 74.06, 78.37,

103. 17, 105.15, 131.71, 152.71, 166.02, 166.28; LRMS 433.232 (m+l). 10
Exanpl e 2: Synthesis of (R) - 44(44(4 (tetrahydrofuran 3-

Yl oxv) benzor dl i soxazol - 3-yl oxy) et hyl ) pi 27peri d i n-1

-yl i met hynt etrahydr o2H pyran-4-ol 15

5- Hydr oxy- 2, 2- dinethyl benzo[ 1, 3] di oxi n-4-one: Thionyl chloride (83.8 g,

0. 0.5 ) abELMgo P AaBoR ol o a0 RPN gREBRRYGq P, L L7
di met hoxyet hantetrel‘ié/?ﬁofmtah (22Rd-) Aot tl LIr-eanhasylditmidazade €9 RTKG, ®:64/mhl). The
resi due 200bt ayned af 51ﬁ@r@%tsrtl?r%{j]%PZ(%L@%B%@S‘%BE@& Bf £figdt ‘N@’as di ssol ved

in ethyl 32 acetate a aqueous saturated sodi um
bi car bonat e sodibydroxybemamide (3744 §.a4:84 maddn tﬂtnabvﬁréﬂ\waﬁ@&% laveisconcent r at ed

CDai 3) 6. ppin 108 CLEGRIORR TR RahBihyRP eehiietild Brleay &M (T8 R”J)Z
7.34 (t, J=8, Sitidy at26°Qfof 3Bmyn dat)g which some off gassing was observed. The

2 20 L SHAR ki byt et ety ebegal ol < on

Di et hyl azodi car n-a dropw se
fashi on to a nierctar wastodehtiodR5kyolowddiyritee hgditigreolZ0y dq@lods bxdnger one (100

0.51 10 A
()"t ot r ahydr oc okl BBETSU 8RR bt i porrigdadh kenlidhure wag - e
resul ti ng H xtsetéo WS and the eehction Wtﬂ@rcomaemratém@mvw taarsmpeeroved under
reduced pr essut rMa%e%.@i?LugﬁH@tﬁl r@é t asowo'lé({tgqge(g afld %ﬁr]ééocﬁr gel flash

colum, eluting wth eum ether/ e acet g (65%
yi el d) of pr odMCTthewasulﬁlrmMateeQiuraswas filsred, dhe eale vad WaSIHdMMR wae0 M—Iz

by 2) 2 ppm ]51%6771 J_()Sajmdgﬁ}id |n2?_§9(:t%ﬂg%\7e’€pat 44 (gfcﬁmf Hhe deSed(gRbadd4) 6- 49 (d,
2- Hydroxy 6- 0)(5(976'(3@&%)9%@1'%@1 ml%oﬁ/xylﬁldbdﬁNMFé(@@MHmmD)e%ter
20Pot assi ufg caghonafqn (96 $590d,9=18.1"8%) 14731, 348891 119 7358k Lon of 2, 2-

1H); LRMS 154.029 (m+1).

Tert-butyl 4-(tosyloxymethyl)piperidine-1-carboxylate (5): To a 20L
jacketed reactor were charged dichloromethane (8 L), N-boc-4-piperdine

20 methanol (0.982 Kg, 4.56 mol) and p-toluenesulfonyl chloride (0.970 Kg, 5.09
mol) and the resulting mixture was stirred at 20°C for 5 min. Triethylamine
(0.94 Kg, 9.29 mol) was added to the reactor via an addition funnel and the
resulting deep red solution was stirred at 25°C for 16 h. A solution of sodium
carbonate (0.96 Kg, 9.06 mol) in water (7.04 L) was charged to the reaction

25 mixture and stirred for 1 h at 20°C. The phases were split and the organic
layer washed with brine (6 L) and concentrated at 40°C to a low stir volume.
Dimethylacetamide (2 L) was charged to the reactor and concentration
continued under full vacuum at 40°C for 1 h. The solution of tert-butyl 4-
(tosyloxymethyl)piperidine-1-carboxylate (5) in dimethyl acetamide was held

30 for further processing. Yield was assumed to be 100% with approximately



di mret hyl-5-[(R) - (tetrahydro-furan-3-yl)oxy]-benzo[1, 3] di oxi n-4-one (86 g,
0.33 nol) in 1 L nethanol. The m xture was stirred at RT for 2 h, then
concent r aveaoimoveeuo. The resi due was di ssolved in et hpCTaB®tabv®send
washed wi th aqueous ammoni um chl ori de sol ution. The organic |ayer was dried
(Na2SO4) 25and concentrated to afford 72 g of the product as a yellow solid
(92% yield). 1H NWR (400 MHz, CDCI3) 6 ppm2.20 (m 2H), 3.99 (s, 3H,
4.80(m 4H. 4.94 (m 1H), 631(dd J=8.4, 0.8, 1H), 6.59 (dd, J=8.4, 0.8,
1H), 7.30 (t, J=8.4, 1H). 33

2, N-Di hydr oxy-6-11R) - (tetrahydro-furan-3-y0oxyl - benzam de: Potassi um
carbonate (121 g. 0.867mm1l) was added port| onwi se to a solution of

hydr oxyl anmi ne sul fate (120 g, 0.732 nol ¥8in 360 nL of water at OC. After
stirring for 30 mn, sodiumsulfite (3.74 g, 0.029 nol) and a sol ution of
2- 5hydroxy-6-[(R) - (tetrahydro-furan-3-yl)oxy]-benzoic acid methyl ester

(35 g, 0. 146 @)Pbgaég%ﬁg@,ﬁ WIRTRIPL B B AREH Al S My wes

stirred at 50 Was 1 enove omt reactl on
m xture under aredysisedH ;bﬂ\ﬁ%(aﬁlﬂod\/llalnd?,@@le)épwnl1t02=|g1ameﬂﬂl)s1l1éyer9w9as

acidified wt h %%)\'1'%9'@ 'Epﬁz pgy«?%gzm ?%ﬁfg‘tgé 1‘2%%%9(7‘15 %t%e)eg %gl acetate

and the organic concen o] to afford 25
g (76%vyield )J=(ﬁf7t2HTk5) 3)95}6[2&(ba§-|)a7ﬁél(ﬁ,o&\652ﬂ)l6761¢HE1\WRI-()460WB CDCl 3) 6

ppm 2. 00 ( é&%‘l‘l :%0 48 (d, J=
iy "6 49 (4 g Mg 2OC) pity 2P0 26 B, Ay 3878 . 7o 139 s
1H); LRVS m z 123984, 2986, 132.84, 144.84, 154.63; LRMS 739.329 (2m+1).
4-11R) - ( Tet rahydr o- f uran- 3-yl ) oxyl - benzo[ dpsoxazol -3-0l : A sol ution of
2, Ndi hydr oxy-6-[(R) - (tetrahydro-furan-3-yl)oxy]-benzam de (25 g, 0.105 nol)

in 250 nL of THNt-hatylHedtd-Bdonobebaa]d]iSaxdroirtylexy) medadlplireridige-ddded
portionw se an Sidd .t 1 Xt After
cooling to RT, %gﬁﬂ%&o@} 2-[||§fr%%§?Tl éﬁkgtgd}é&gtozwgh{ﬁ% gédu@%%ﬁy 59‘5’1“@9

20ext r act eth wi (t4lr28d¢)ht,ert-m¢3éﬂs(tqsylometbwmen@lmee‘r-gahowlata@r(é 6@t t hen
extracted thre S ' r tassi um
car bonat e aqueﬁuéh@t?iﬂé%@b\%\er (ﬂ%?%égs %%‘%W@c@t %af)ng&%w
acidified to marmonatﬁ(%iotgn 628 rial) resTitieg acd tﬂiid«it@w%&iwaoﬁbelrmon was

extracted wt 'Z‘rg%ggg%g%& Qo 509Cal Qe 8?203@ ?g(?ﬁﬁeg%%%%d%@@ ¢rashed wi th

brine, dried concentrate to a roduct as a
yel |l ow sol i d (79B9¢sd ky Be addilonnRvatgo( . Mﬁzanm@l@)?eﬁtm@rﬁﬁ—)%ﬁ@m 2H), 3.89

(100 40 g 15 Bl ocbbbpiedibdsha g e olfdic Byakc 376
444- 11R) - ( Tet runashedovithurater- (8-3715) oseyidingehe s dus svash 60 wastpl Bixsangenigl ) -

Enlgeg gl ng (1)90% éWa%(dlsgﬁéodur‘io(;%rrga%MXWvdlrﬂZﬁHféximt%%c%! eApRAiGarpoxyl ate

4-[ (R) - (t et r andifontiLarmiodmale)yok i remaieeg o] tH reasicizMethandI(2.680) was0. 045
mol ), 4-hydr OXé(dB%H%h'ﬂpé Fé%[lliti% B8utlsn concentrated under vacuum to about 3 L of a
20  vyellow oil. Methanol (2.68 L) was charged to the reactor and the resulting
solution was stirred at 25°C for 15 min. Water (0.54 L) was added over 15 min
resulting in a white slurry. The mixture was cooled to 15°C, stirred for 1 h and
then filtered. The filter cake was washed with a solution of water (0.54 L) in
methanol (2.14 L), then air dried for 30 min, transferred to a vacuum oven and
25 dried at 40°C for 12 h. The desired product, (6) (746 g, 2.13 mol), was
isolated in 1% yield. "H NMR (400 MHz, CDCls) & ppm 1.23-1.37 (m, 2H),
1.45 (s, 9H), 1.78-1.88 (m, 2H), 2.04-2.17 (m, 1H), 2.67-2.83 (m, 2H), 4.02-
4.26 (m, 2H), 4.28 (d, 6.6, 2H), 6.89 (dd, J=8.6, 7.5, 1H), 7.21 (d, J=9, 1H),
(td, 8.6, 4.9); LRMS 351.171 (m+1).



5carboxylic acid tert-butyl ester (11.6 g, 0.054 nol) and

tri phenyl phosphine (23.5 g, 0.09 nol) in 300 nL THF. After the addition was
conpl et e wheoniotine was heated at reflux for 18 h. AftecTaBraendosst i on in
vacuo, the crude product was purified on a silica gel flash columm, eluting
Wi th petroleumether/ ethyl acetate (15:1 4 5:1) to afford 22 g of the
product as an oil (51%vyield). 1H 10 NMR (400 MHz, CDCI3) 6 ppm1.25 (m
2H), 1.39 (s, 9H), 1.76 (m 2H), 1.99 (m 1H. 2.15 (m 2H), 2.70 (bt,
J=11.6, 2H), 3.95 (m 4H). 4.13 (m 2H). 4.34 (d J=6.4, 2H), 4.98 (m 1H),
6.43 (d, J=8, 1H), 6.93 (d, J=8, 1H), 7.31 (t, J=8, 1H). 15

3-(Pi peridin-4-yl net hoxy)-4-11R) - (tetrahydro-furan-3-yl)oxyl benzol dl i soxazo
le: A OC solution of 4-{4-[(R)-(tetrahydPo-furan-3-yl)oxy]-
benzo[ d] i soxazol - 3-yl oxymet hyl | - pi peri di ne-1-carboxylic acid tert-butyl
ester in 500 nL ether was treated with a saturated solution of HCl (g) in

stirred for 16/ gRrARE (AR HLS o R MebldtidodBs- 0T T P, 20
washed with etmky)MbﬂimpéMMGWechrbeHatee(B) dioch 20 | gthss oeaot@ivdthibe g (81%
Som 150 - 1. daoreeoBp % HEte Bl flidtyad . IR G475 25 mg P0G °
3. 12 (1 r7n t2 I—l)J81d4d7JTetf®Ia6Qta(m¢e®1-£\) zmsodmnﬂﬂS(gmethylwl)wn@B in THF31 él m 2
587,41 T iy Pl Sy iy oot (°
; ggffdsal?y.<gm;g;mgggg%;>gggsg@m;@%ﬁg;§;‘gg%@@§fﬂﬁ o

< e lll 4-fluoro ?hy ]

30( Focus Synt hesi rie m ne 6 g, 084 nol)
were 35 addedyloxy)metbhglpipérstinest-carboxylate (6) (640.15 g, 1.83 mol) was charged

3- di 4
yl §g;(5]er Ibelnrzlo[ (Jltggi%\;%& m?)iér%mas(sttgrgigac\ltw?fcpfot "fgg Tr?’ﬁreacttl n mleure_l_he
resul ti ng bl uwasepaledstoROE @nd ataterd6 KUy wasrslovdy addethavec 4oheal ni xt ure was
concentr at ed_dEhiih  ELAE-AN SRETHRILCBREHh AL o 6al due.  The
e nd t re washe

| ayers were Ssepar at organi c extracts wth brine,
dried (Na2804)a<1ma wdﬁh@hlph@ﬂlremmuepm\ﬂtlded for 1§ nain@od thenozhpetateds a yel | ow

oil. The crud i f the
desired produzﬁgés(ﬁ{aelo I e's\gg#s%ékle?ﬁsg}gd nﬁ%d'&ﬁ%&%ﬁ%?%éegéﬂ (&Q) E%CI 3) 6
ppm 1.41-1.63 qamblmorgamtzawgrestmerq wislzad) with water (5 I9vandrg 2Q|?/(o1)b,rin@ 17-2.26 (m
2.33 ( . =11, 2H), 3.46
(o 16y . iy §ante ) (i orddighbo s boniratdh el foomiyPing D
5.03-5.08 (m jasket tﬁﬁnwaf@d% se3+g4Q°C tordpproxinadelyd L grBheld farifyrther. 38 (1t
J=8.2, 1H); 1 1 6.92,
36.96. 56. 15, 3‘%8”%%’”% %ﬁ‘*g‘gﬁ@ 39@%‘%‘%'8%“7@?80% 5@51 %é)mf% 17,
105. 15, 131. 71in elBpacetate V65, BUMEEA Qmm@wmﬁ@d @ndscorm@smtgd to
dryness for purity analysis. 'H NMR (400 MHz, CDCI3) & ppm 1.25-1.38 (m,
20  2H), 1.44 (s, 9H), 1.76-1.84 (m, 2H), 1.89-1.97 (b, 1H), 1.99-2.12 (m, 1H),
2.14-2.28 (m, 2H), 2.63-2.84 (m, 2H), 3.90-4.21 (m, 6H), 4.24 (d, J=6.3, 2H),
5.00-5.05 (m, 1H), 6.48 (d, J=8.2, 1H), 6.98 (d, J=8.6, 1H), 7.37 (t, J=8.2, 1H);
LRMS 419.216 (m+1).

25 (R)-3-(Piperidin-4-ylmethoxy)-4-(tetrahydrofuran-3-
yloxy)benzo[d]isoxazole 4-methylbenzenesulfonate (9): To a 20L jacketed
reactor charged ethyl acetate (6.1 L), (R)-tert-butyl 4-((4-(tetrahydrofuran-3-
yloxy)benzo[d]isoxazol-3-yloxy)methyl)piperidine-1-carboxylate (8) (0.76 kg,
1.82 mol) and p-toluenesulfonic acid monohydrate (0.413 kg, 2.17 mol) and

30 stirred at 20°C for 30 min. The reactor jacket was heated from 20 to 65°C over



The brain penetration, clearance, effect on general cell health, and
Intrinsic agonist activity at 5-HT4 receptors was neasured as descri bed

bel ow 20 wonotewi@itn conpounds. The conpounds assayed i rcrusmdy/@Gosgpound X
and the nine conpounds, disclosed in International Publication No. WO

06/ 90224, which displayed the lowest intrinsic activity as 5-HT4 agoni sts:
Conmpound No. Exanple No. in WD 06/90224 A Exanple 3 B Exanple 1 C Exanple 6
D Exanple 9 E Exanple 11 F Exanple 10 36 Conpound No. Exanple No. in WD
06/ 90224 G

30

1 h and then held at 65°C for 16 h. The reactor was cooled to 15°C over 1 h
and granulated for 2 h. The resulting slurry was filtered, the cake was washed
with EtOAc (3 L) and then air dried on the filter for 30 min. The cake was
transferred to a vacuum oven and dried at 40°C for 12 h. The desired product,
5 (9) (854 g, 1.74 mol), was isolated in 96% yield (two steps). '"H NMR (400
MHz, CDsOD) & ppm 1.54-1.67 (m, 2H), 2.04-2.18 (m, 3H), 2.19-2.36 (m, 2H),
2.33 (s, 3H), 3.01-3.12 (m, 2H), 3.41-3.50 (m, 2H), 3.86-4.01 (m, 4H), 4.26 (d,
J=6.3, 2H), 4.90 (s, 2H), 5.14-5.19 (m, 1H), 6.72 (d, J=8.2, 1H), 7.02 (d,
J=8.6, 1H), 7.21 (d, J=7.8, 2H), 7.48 (t, J=8.6, 1H), 7.70 (d, J=8.2, 2H); LRMS
10  319.165 (m+1).

(R)-4-((4-((4-(Tetrahydrofuran-3-yloxy)benzo[d]isoxazol-3-
yloxy)methyl)piperidin-1-yl)methyl)tetrahydro-2H-pyran-4-ol (11): To a
20L jacketed reactor were charged water (7.5 L) and sodium carbonate (0.98

15  kg); the mixture was stirred at 20°C until all solids had dissolved. Then (R)-3-
(piperidin-4-ylmethoxy)-4-(tetrahydrofuran-3-yloxy)benzo[d]isoxazole 4-
methylbenzenesulfonate (9) (750 g, 1.53 mol) and ethyl acetate (6.0 L) were
added to the reactor and stirred at 20°C for 30 min. The phases were split and
the lower aqueous layer was back extracted twice with ethyl acetate (6.0 L

20 andthen 3.75 L). The organic layers were combined in the 20L reactor and
washed twice with brine (3.0 L). The ethyl acetate solution was concentrated
to under vacuum at 45°C to a low stir volume. Isopropyl alcohol (3.75 L) was
added and concentration continued until 2 L remained in the reactor.
Additional isopropyl alcohol (2.75 L) was added and the mixture cooled to

25 25°C. To the reactor was charged 1,6-dioxaspiro[2.5]octane (10) (260 g, 2.29
mol) and the resulting solution heated to 50°C and stirred for 16 h. The
reaction mixture was cooled to 30°C and water (15 L) was added over 60 min.
Product crystallized from solution and the resulting slurry was cooled to 15°C
over 1 h and then granulated for 4 h. The product was filtered and washed

30  with water (3.75 L). The cake was blown dry with nitrogen for 30 min and then



Exanmpl e 51 H Exanple 31 J Exanple 8 Conpound X has one or nore
properties which make it superior to conpounds exenplified in WO 06/90224.
5- HT4 parwpabiiagoriust s having low intrinsic activity nmapCofiBeni/biveds
opportunity for treatnent of CNS-rel ated 5di sorders with the potenti al
benefit of reducing the gastrointestinal effects which may be inherent with
5-HT4 full agoni st agents. Additionally, superior brain penetration is
inmportant for treatnment of CNS-rel ated disorders. Optimal chemcal nmatter
for such indications will freely cross the blood brain barrier. One skilled
in the art woul d not expect agents containing a carboxylic acid 10npiety to
denonstrate appreciable brain penetration; the data shown in Table 1 for
conpounds A, B and C confirmthis expectation. Good cl earance and
accept abl e expected overall safety profile are also inportant attributes in
a CNS drug. Compound X exhibits lower intrinsic activity than conpounds
exempl i {1 ed | n 40:0/8023A-a0M adelbAd anal bl cpanthales fassd.an_al

| east 15o0one property such as brain penetration, clearance, or predicted
overal | saf et y(1p) (58Blge 1.3Bmuglk migis deplaséd en@aiplyieldc PR (OO0l z 2D @kpr eci at ed
usi ng known ne r e e lve 1 ka 4T¢ conpar Conpound X
t o Conpounds Aé Hgm\?h@c%%\gé&ééﬁfggﬁ o%%g(rﬁ’ra]ﬂ'\/kd%%/b%ggﬁ %Rd?\?\ﬁ?c (Wave | ow
intrinsic actiZ2h) 2.38Es, 2H)4R%)(id, az1 Sh@sh H), 282 (BAIS0R242K 5 846 (Aghi st - 20

| nduced cA atd i D 15- oy at 06-=33) I d
Compounds. A 3 SR B ATEE T EHN X ARG TR RIBG . 171

6.50 (d, J=8.2, 1H), 7.00 (d, J=8.2, 1H), 7.38 (t, J=8.2, 1H); *C NMR (400

MHz, CDCls) & ppm 29.11, 33.10, 35.20, 36.92, 36.96, 56.15, 63.93, 67.14,
67.46, 68.27, 72.94, 74.06, 78.37, 103.17, 105.15, 131.71, 152.71, 166.02,
166.28; LRMS 433.232 (m+1).

10
Example 2: Synthesis of (R)-4-((4-((4-(tetrahydrofuran-3-
yloxy)benzo[dlisoxazol-3-yloxy)methyl)piperidin-1-yl)methyl)tetrahydro-
2H-pyran-4-ol
OH OH o S > OH OMe
@o )J\ o) oo DEAD, Phap o OO K2C03 @o (NH20H)2 H2504
o SOCI2, DMAP CE? fiH CE: MeOH o K2C03
3 Q Q
OH © o-N N
CﬁLH’OH col d\OH DEAD, Ph3P &\O/\C\N\(O HCl
J QN4
o-N /\C o Q
GO o pold
o N~"4
& °
o &
15

5-Hydroxy-2,2-dimethyl-benzo[1,3]dioxin-4-one: Thionyl chloride (83.8 g,
0.71 mol) was slowly added to a solution of 2,6-dihydroxy-benzoic acid (77 g,
0.5 mol), acetone (37.7 g, 0.65 mol) and DMAP (3.1 g, 0.025 mol) in
dimethoxyethane (375 mL). The mixture was stirred at RT for 7 h. The residue

20 obtained after concentration under reduced pressure was dissolved in ethyl



| RL wwth RL and R2 groups as shown in Table 1 below. 37 Brain Penetration
Assay: Mal e Sprague-Dawl ey rats (n=3/tinme point) were adm nistered 5 ng/kg
of Conpouwd=0¥/108574B, C, D, E, F, G H, and J vi a subculramaB2id1/050548

adm ni stration. Blood sanples were collected via cardiac 5Spuncture after

eut hani zation with CO2 at 0.5, 1, 2, and 4 h post-dose. Sanples were placed
in EDTA tubes and kept on ice. Wuole brain was collected via decapitation.
Brain sanples were inmediately stored in dry ice. Blood sanples were spun
down to collect plasma. Plasma and brain sanples were stored at -20C until
anal ysis. LC/ M5/ M5 was used to nmeasure plasma and 10brain drug | evels.
Results are shown in Table 1. Agonist-induced cAVP el evation in human

5- HT4d transfected HEK293 cells, 96 wel 32format: Human 5- HT4(d) transfected
HEK293 cells were established in-house. The cells were grown at 37C and 5%
CX2 in DVEM 15 suppl enmented with 10% FCS, 20 mM HEPES (pH 7.4), 200 pg/nL

n B (G . N Da/r h in.
The. el 1 wer Sgrann? SEGHH BN oty PEE RGO bSatod Dy AR RagRl By O
treat nent wi t hsatdiopolimelsrgadicddygr s BGS (Na:60a) arbonsemistied otadtrd 69 nor mal

and the cells i i in 96-wel |
20pl ates (12. 5%%?%\/\8{}19%%%3' 8%(?%@“’35?% y%%ce@g@q W@ﬁ"%g@é'% EDTA,
centrifuged anpbmdsitdd, o)t 6.3PBSI, JAB, 8.1 Hheydth (idnd=H 0.8, HEl).as8hl, Jx8el | pel | et

was resuspended,y %gﬂss | emented with 20 nmM HEPES, 10 pM pargyline
(Si gm) an?l ﬂ_'1\): 291 sobut y1- 1- met hyl xant hi ne (Sigma) at the concentration

of 1.6 x 105 cells/nL and left for 15 mn at RT or 37C. The 25reaction was
| ncubat o T or 21D REEAS-ARRERshpurb Bl phERglepdl Rl keor” B
reaction (25 pRietyl #2odiacpaxiietep1a0.eg, Wgdendlpwvas ddded30 ardrapwise RIEhioonmogenous
according To tRe ey BrF Ry aBRES AN Rl R e P ER STount er 30
(vallac) wHs uweld triphamykbebasrhingTRE6 Sex Oi A5andlhand18)-tetrehetrodwboB-@ 64 38

g, 0.5 mol) in 600 mL of anhydrous THF. The resulting mixture was stirred at

RT for 18 h. The solvent was removed under reduced pressure and the crude

material was purified on a silica gel flash column, eluting with petroleum ether/

ethyl acetate (15:1 > 3:1). 86 g (65% vyield) of product was isolated as a

15 colorless oil. '"H NMR (400 MHz, CDCl3)  ppm 1.67 (s, 6H), 2.30 (m, 2H), 4.2
(m, 4H)4.97 (m, 1H), 6.49 (d, J=8.4, 1H) 6.51 (d, J=8.4, 1H), 7.39 (t,
J=8.4,1H).

2-Hydroxy-6-[(R)-(tetrahydro-furan-3-yl)oxy]-benzoic acid methyl ester:

20  Potassium carbonate (134.8 g, 0.98 mol) was added to a solution of 2,2-
dimethyl-5-[(R)-(tetrahydro-furan-3-yl)oxy]-benzo[1,3]dioxin-4-one (86 g, 0.33
mol) in 1 L methanol. The mixture was stirred at RT for 2 h, then concentrated
in vacuo. The residue was dissolved in ethyl acetate and washed with
aqueous ammonium chloride solution. The organic layer was dried (Na;SO,)

25 and concentrated to afford 72 g of the product as a yellow solid (92% yield).
'"H NMR (400 MHz, CDCl3) 5 ppm 2.20 (m, 2H), 3.99 (s, 3H), 4.80(m, 4H).
4.94 (m, 1H), 6.31 (dd, J=8.4, 0.8, 1H), 6.59 (dd, J=8.4, 0.8, 1H), 7.30 (t,
J=8.4, 1H).



nnml620 nm delay time 50 ps, wi ndow tinme 400 ps). Data was anal yzed based
on the ratio of fluorescence intensity of each well at 620 nm and 665 nm
fol | oned Wo 20M81TJuant i fi cati on usi ng cAMP standard cur peT/IEmhanwsessent of
CAMP production elicited by each conpound was nornmalized to the anount of
5CAMP produced by 1,000 nM serotonin (Sigma). Intrinsic activity is
reported in Table 1, below, as % agoni st effect. Agonist-induced cAMP

el evation in human 5- HT4d transfected HEK293 cells, 384 well format: Human
5- HT4d transfected HEK293 cells were grown 10 at 37C and 5% CO2 i n DVEM

(wi thout sodium pyruvate) supplenmented with 10% FBS, 20 mM HEPES (pH 7. 4)
and 200 pg/nL hygromycin B (G bco). The cells were grown to 60-80%
confluence. 24 hours prior to the experiddent, the growth media was repl aced
wi th Optinmemreduced-serum nedia (G bco) and the cells were incubated
overnight. On the day of the experinent, conpounds 15di ssolved in DVSO were

diluted in ass C [l .20 final
concentrat i ons?w%gbgéﬁylé;ﬂ&(%bﬁg’(@@?y é%y%}){jﬁggé??ﬁéﬂ's@%m a 4|S§Jr}14[%( bfjf fer

(G bco), centrédrogede €2d gnv@sIeéchnwil x wasRREed Plodiopwide tpaldobtionat t hen
resuspended i I I d_qi o riately.
Theur gacti onI %ﬁ@xﬁﬁﬂﬁ g@fageshgg&:’,\?i@%?@#ﬂb%’goce ?@H#ﬁ%%@%@\%ﬁl | 20pl gt es
cont ai ni ng congioungder 3@ hun, fsodiam sulfit €3.746, €629 sol)sed aisolutihe oh8say was 5000

| | j ' ; . e AVP .
> scr oot ng ki P YSEIRERHEENIRE Il BBLART, Ao Al RE008 T Yop
the reaction. Hdt®gehdousgcd miref neddnpbderfel atoled sod tioemixtiise dvas ANPed Scher i ng)
detecti on 1as SPLabmaRAARERNTIRTehPu o RIHIARIHEELR ARLASLENE! | on. A

Wal | ac Envi si on was use O neasure excitation em ssi on 665
nm 620 nm del r@gucadneSWirgend therrdeuiting aniedddlaysr) waDacidifiedwittaddlHAed based

on the ratio r i | £V 0 - ngd. 665 nm
fol |l oned by czf\/rﬁgé aﬁﬁ?%&gg\?f‘%ﬁitﬁdﬁéﬁg\%@ %Rﬁ/%%gttaﬁ%ﬁadrﬁbgﬁé\%gﬂ%ﬂ%ﬁcemnt of
CAVP produtlt i otries| (Nep3@d aby cergsintretedpoaffordviddsy (YoPmyibld2@fithe3godust ehie anount

of CAMP produc 1 } J A = bRSI bvist ¥ gy reported
in Table 1, be%g(\alxllwgso“% %@@F&Q@M@ét&%&géﬁh{?@gﬁwﬁ gggrﬁé”’étﬁ%bi lity
Assay: Human |3.8efmndtdy 6H0res 1(HIOMS) (dodrd 168,49 (¢, d=BetHbon D ¢t dx&bi l ity
assay to deterjq IglAQlﬁp—H ent. | i rent intrinsic

met abol i ¢ cl eaﬁ)ﬁ%’h?&l nt, épg)%g?ghmd)r’ EgMﬁpﬁz(r)rzaﬁﬁﬁﬁﬁredl ated by P450
nmetabolisnm). In the HLM assay, test conpounds are incubated with HLMs & an
NADPH r egefner aj ir/afq. i o4 GSSl at 9. 7.4). The
T e e e e L T LA R
donors. The codiBysioxya6-(Bor(tetrahidiesfusant3tybexyl-benganidel (2 @ O1061malyinpr ot ei n/
and 1uM resp i Vel y- f i b o by Whion of

m crosones an durﬁFng?EQ\%gnr%%{l?g&B%Rté.oc?ér@ﬁ@gljrﬁéa%&géﬁggﬁgédéo m nut es, the
sanpl e i s crasprstiorwisehamOReIrssyliotmirise whae stiredl@dio’ e fonidl ubdter spun at 4C

and 35001 pm f oL, o4 19 RELRD: mPofB Hof wABDa68 Iy t’%%‘dh@oﬂlg MRRH sanpl e are

al so incubated for”60 m nutes serving as negative and po {1iVe control's.
The mat ri x2&anpit@ctedmithi atkyl lBogthter Thercembisederganisrayaxibpre thao extorgirslind) ;

where as, the GR.JHARE Kith 10% aqueous potassium carbonate. The potassium

carbonate aqueous extracts were washed with ethyl acetate and then

acidified to pH 2 - 3 with 2N HCI. The acidified aqueous layer was extracted
with ethyl acetate. The ethyl acetate extracts were washed with brine, dried

25 (Nay;SOy4) and concentrated to afford 20 g of product as a yellow solid (43%
yield). "H NMR (400 MHz, CDCl3) & ppm 2.20 (m, 2H), 3.89 (m, 1H), 4.01 (m,
3H), 5.05 (m, 1H), 6.48 (d, J=7.6, 1H). 6.92 (d, J=7.6, 1H), 7.37 (t, J=7.6, 1H);
LRMS m/z 222 (m+1).



w o NADPH sanpl e contains buffer, mcrosonmes, and conpound (no NADPH).
After centrifugation, the supernatant is renoved fromthe 20sanpl e,

conbi ned wothiieueh parts of water, and stored in the reCrilgamabims4sunt i |
anal ysis. Drug levels are quantified by mass spectronetry. C earance is
frequently expressed as an extraction ratio (Er) which is cal cul ated as
hepati c cl earance / hepatic blood flow (range 0-1) . The data are shown in
Table 1. 25THLE assay: The THLE assay is predictive of general cell health
and neasures cell depletion in a human cell Iine of hepatic origin. THLE-2
(transformed human liver epithelial) cells were obtained from ATCC ( CRL-
2706 or CRL-10149) and cultured according to ATCC s recomrendati on. Medi a
consi sted of basal nedi um ( BEGM Bul | et Iagt, Lonza Cat # CC-3170), 30

suppl enented with 10% fetal bovine serum (Sigma Cat # F4135)and 2.5 ng/L
40 hEFG (BD Bi osci ences Cat # 356052) and 700 ng/L phosphoet hanol am ne

Si Cat # . I .

(T bronecti ni col TRURb TRy B Trgn sy hithTbehloblorg i iopmetnyiy,
experi ment, cepipsridimeet-pirhoayioatid t&e-bulyd|dstert Bietiyy| zaditanioxylate(15.6BD
5Bi i t A i . |1 i t ot al
oBioscences o5l MaAAE uBbep Fibhy BRI Wik o g elly L 8 Lotal)
Conpound t est Erapiismere-poldpaged 048 imod), d-hydrodyvethylxigerfdisled!-di | ut i on

h it i : i f - M Al
soheme vils 2 L83LRSaR OGN T8 D388R I A Ralithal A1
cont ai ned 32 c@ddaud® pel i3l TEiFodRephaiadditiorwes peplateettie nyixtate quot i ng
1 pL of 100 0 he . pl df
dosing by addi ney Gea Aty BP18 nPARGASo M uaROf i PURUEAIBE RGBSR CD (1
wer e added t o \we$ purfied tooreesilfsiaget Badhycoiunmi, editting gvitb\oetralegmteteer! etbyle nmedi a and

15repl acing w | I t. ing the
| ayout outli ne%géf)%?(gﬁ?{ %é‘? ﬁgf@@%%@ﬁﬁ%@%ﬁﬁ%%%@ | ﬁ?/}eé(lsl ht'LFWeI | was
1. 0% 10 FONMR\{#0¢ MHre CPZI4) depppo$.8b émt 2H}, 4539 (s o¥hplotiiv@<m, 8).11.98 abi l ity
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15  3-(Piperidin-4-ylmethoxy)-4-[(R)-(tetrahydro-furan-3-yl)oxy]-
benzo[d]isoxazole: A 0°C solution of 4-{4-[(R)-(tetrahydro-furan-3-yl)oxy]-
benzo[d]isoxazol-3-yloxymethyl}-piperidine-1-carboxylic acid tert-butyl ester in
500 mL ether was treated with a saturated solution of HCI (g) in 200 mL ether.
After addition was complete, the mixture was warmed to RT and stirred for 16

20  h. The reaction mixture was filtered. The white solid was washed with ethyl
acetate followed by ether and dried to yield 15 g (81% yield) of the desired
product as a white solid. "H NMR (400 MHz, CD;0D) & ppm 1.51 - 1.69 (m, 2
H)2.04-2.19 (m, 3 H)2.22-2.37 (m, 2H) 2.99 - 3.14 (m, 2 H) 3.40 - 3.51
(m,2H)3.85-4.02(m, 4 H)4.25-4.31 (m, 2H) 5.17 (td, J=3.71, 1.56 Hz, 1

25 H)6.72 (d, J=8.00 Hz, 1 H) 7.01 (d, J=8.59 Hz, 1 H) 7.47 (t, J=8.20 Hz, 1 H);
LRMS m/z 319 (m+1).

4-(4-{4-[(R)-(Tetrahydro-furan-3-yl)oxy]-benzo[d]isoxazol-3-yloxymethyl}-
piperidin-1-ylmethyl)-tetrahydro-pyran-4-ol: 1,6-Dioxa-spiro[2.5]octane
30  (Focus Synthesis; 9.7 g, 0.084 mol) and triethylamine (8.6 g, 0.084 mol) were



according to the manufacturer's protocol. The ATP concentration was
determ ned by reading | um nescence using a Wall ac Envi si on pl ate reader
(Perki n Bvoeniy/Méd7ham Massachusetts, USA). Percent of peirabioa1/embiss
relative to no-drug treated controls was determ ned for each well. Final
data output is 25a cal culated | C50 val ue describing the dose projected to
kill 50% of the cells following a 72 h exposure. 41 TABLE 1 Cnmpd R1L R2
Brain AUC (ng*h/g) Plasma AUC (ng*h/nmL) Brain: Plasma ratio A | A Er
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added to a solution of 3-(piperidin-4-ylmethoxy)-4-[(R)-(tetrahydro-furan-3-
yhoxy]-benzo[d]isoxazole (15 g, 0.042 mol) in 200 mL methanol. The resulting
solution was heated at reflux for 18 h. The cooled mixture was concentrated
and ethyl acetate and water were added to the residue. The layers were
5 separated and the organic extracts were washed with brine, dried (Na;SOj,)

and concentrated to provide 17 g crude product as a yellow oil. The crude
material was purified by prep HPLC to afford 10 g of the desired product as a
white solid. (50% yield). 'H NMR (400 MHz, CDCl3) 5 ppm 1.41-1.63 (m, 6H),
1.71-1.81 (m, 2H), 1.81-1.94 (m, 1H), 2.17-2.26 (m, 2H), 2.33 (s, 2H), 2.4 (d,

10 J=11.7, 2.3, 2H), 2.92 (d, J=11.8, 2H), 3.46 (s, 1H), 3.71-3.84 (m, 4H), 3.91-
4.10 (m, 4H), 4.24 (d, J=5.9, 2H), 5.03-5.08 (m, 1H), 6.50 (d, J=8.2, 1H), 7.00
(d, J=8.2, 1H), 7.38 (t, J=8.2, 1H); "*C NMR (101 MHz, CDCl3) & ppm 29.11,
33.10, 35.20, 36.92, 36.96, 56.15, 63.93, 67.14, 67.46, 68.27, 72.94, 74.06,
78.37,103.17, 105.15, 131.71, 152.71, 166.02, 166.28.

15

Example 3: Assays

The brain penetration, clearance, effect on general cell health, and
intrinsic agonist activity at 5-HT4 receptors was measured as described below
20  for certain compounds. The compounds assayed included Compound X and
the nine compounds, disclosed in International Publication No. WO 06/90224,

which displayed the lowest intrinsic activity as 5-HT4 agonists:

Compound No. | Example No. in WO 06/90224
A Example 3

Example 1

Example 6

Example 9

Example 11

Ml m| O O @

Example 10
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Compound No. | Example No. in WO 06/90224
G Example 51
H Example 31
J Example 8

Compound X has one or more properties which make it superior to
compounds exemplified in WO 06/90224. 5-HT, partial agonists having low
intrinsic activity may offer the opportunity for treatment of CNS-related

5 disorders with the potential benefit of reducing the gastrointestinal effects
which may be inherent with 5-HT, full agonist agents. Additionally, superior
brain penetration is important for treatment of CNS-related disorders. Optimal
chemical matter for such indications will freely cross the blood brain barrier.
One skilled in the art would not expect agents containing a carboxylic acid

10  moiety to demonstrate appreciable brain penetration; the data shown in Table
1 for compounds A, B and C confirm this expectation. Good clearance and
acceptable expected overall safety profile are also important attributes in a
CNS drug. Compound X exhibits lower intrinsic activity than compounds
exemplified in WO 06/90224 and additionally differentiates based on at least

15  one property such as brain penetration, clearance, or predicted overall safety
profile. Properties of example compounds may be appreciated using known
methods or by reference to Table 1. Table 1 compares Compound X to
Compounds A-J, which were disclosed in WO 06/90224 and which have low
intrinsic activity (Emax < 40%), as shown in WO 06/90224 (see “Agonist -

20  Induced cAMP Elevation in Human 5-HT4” at page 33). Compound X and

Compounds A-J share the same core structure:

o-N
\
d\O/\C ~R?
o

I
R1

with R" and R? groups as shown in Table 1 below.
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Brain Penetration Assay: Male Sprague-Dawley rats (n=3/time point) were
administered 5 mg/kg of Compounds X, A, B, C, D, E, F, G, H, and J via
subcutaneous administration. Blood samples were collected via cardiac
puncture after euthanization with CO, at 0.5, 1, 2, and 4 h post-dose. Samples
were placed in EDTA tubes and kept on ice. Whole brain was collected via
decapitation. Brain samples were immediately stored in dry ice. Blood
samples were spun down to collect plasma. Plasma and brain samples were
stored at -20°C until analysis. LC/MS/MS was used to measure plasma and

brain drug levels. Results are shown in Table 1.

Agonist-induced cAMP elevation in human 5-HT 4y transfected HEK293
cells, 96 well format: Human 5-HT ) transfected HEK293 cells were
established in-house. The cells were grown at 37°C and 5% CO; in DMEM
supplemented with 10% FCS, 20 mM HEPES (pH 7.4), 200 pug/mL
hygromycin B (Gibco), 100 units/mL penicillin and 100 uyg/mL streptomycin.
The cells were grown to 60-80% confluence. On the previous day before
treatment with compounds, dialyzed FCS (Gibco) was substituted for normal
and the cells were incubated overnight. Compounds were prepared in 96-well
plates (12.5 yL/well). The cells were harvested with PBS/1 mM EDTA,
centrifuged and washed with PBS. At the beginning of the assay, cell pellet
was resuspended in DMEM supplemented with 20 mM HEPES, 10 uM
pargyline (Sigma) and 1 mM 3-isobutyl-1-methylxanthine (Sigma) at the
concentration of 1.6 x 10° cells/mL and left for 15 min at RT or 37°C. The
reaction was initiated by addition of the cells into plates (12.5 pL/well). After
incubation for 15 min at RT or 37°C, 1% Triton X-100 was added to stop the
reaction (25 yL/well) and the plates were left for 30 min at RT. Homogenous
time-resolved fluorescence-based cAMP (Schering) detection was made
according to the manufacturer's instruction. ARVOsx multilabel counter

(Wallac) was used to measure HTRF (excitation 320 nm, emission 665

PCT/IB2011/050548

B
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nm/620 nm, delay time 50 ps, window time 400 us). Data was analyzed based
on the ratio of fluorescence intensity of each well at 620 nm and 665 nm

followed by cAMP quantification using cAMP standard curve. Enhancement of
cAMP production elicited by each compound was normalized to the amount of
cAMP produced by 1,000 nM serotonin (Sigma). Intrinsic activity is reported in

Table 1, below, as % agonist effect.

Agonist-induced cAMP elevation in human 5-HT 44 transfected HEK293
cells, 384 well format: Human 5-HT 44 transfected HEK293 cells were grown
at 37°C and 5% CO; in DMEM (without sodium pyruvate) supplemented with
10% FBS, 20 mM HEPES (pH 7.4) and 200 ug/mL hygromycin B (Gibco). The
cells were grown to 60-80% confluence. 24 hours prior to the experiment, the
growth media was replaced with Optimem reduced-serum media (Gibco) and
the cells were incubated overnight. On the day of the experiment, compounds
dissolved in DMSO were diluted in assay buffer containing PBS, 5uM Hepes,
and 500uM IBMX (final concentrations). The cells were harvested with cell
dissociation buffer (Gibco), centrifuged and washed with PBS. The cell pellet
was then resuspended in PBS and the cells were counted and diluted
appropriately. The reaction was initiated by addition of the cells into 384 well
plates containing compounds; the final number of cells used in the assay was
5000 cells per well. After incubation for 30 minutes at 37°C, Cisbio cAMP
Dynamic 2 screening kit reagents (cat# 62AM4PEB) were added to the plate
to stop the reaction. Homogenous time-resolved fluorescence-based cAMP
(Schering) detection was determined according to the manufacturer's
instruction. A Wallac Envision was used to measure HTRF (excitation 320 nm,
emission 665 nm/620 nm, delay time 50 ps, window time 400 ps). Data was
analyzed based on the ratio of fluorescence intensity of each well at 620 nm
and 665 nm followed by cAMP quantification using a cAMP standard curve.

Enhancement of cAMP production elicited by each compound was normalized

D
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to the amount of cAMP produced by 1uM serotonin (Sigma). Intrinsic activity

is reported in Table 1, below, as % agonist effect.

Human Liver Microsome Stability Assay: Human liver microsomes (HLMs)
5 are used in a metabolic stability assay to determine the NADPH-dependent in

vitro apparent intrinsic metabolic clearance (CLintapp) Of @ drug (primarily
mediated by P450 metabolism). In the HLM assay, test compounds are
incubated with HLMs & an NADPH regenerating system in 100mM potassium
phosphate buffer (pH 7.4). The HLMs used in this assay are prepared as a

10  pool from many individual donors. The concentration of HLMs and test
compound are 0.71 mg protein/ml and 1uM, respectively. The reaction is
started by the addition of microsomes and buffer to compound. At 0, 5, 10, 20,
30, and 60 minutes, the sample is crashed with ACN/IS (3 times the
incubation volume), spun at 4°C and 3500rpm for 10 minutes. A matrix and 60

15  minute w/o NADPH sample are also incubated for 60 minutes serving as
negative and positive controls. The matrix sample contains buffer,
microsomes, and NADPH (no compound); where as, the 60 minute
w/o NADPH sample contains buffer, microsomes, and compound
(no NADPH). After centrifugation, the supernatant is removed from the

20 sample, combined with equal parts of water, and stored in the refrigerator until
analysis. Drug levels are quantified by mass spectrometry. Clearance is
frequently expressed as an extraction ratio (Er) which is calculated as hepatic

clearance / hepatic blood flow (range 0-1) . The data are shown in Table 1.

25 THLE assay: The THLE assay is predictive of general cell health and
measures cell depletion in a human cell line of hepatic origin. THLE-2
(transformed human liver epithelial) cells were obtained from ATCC (CRL-
2706 or CRL-10149) and cultured according to ATCC’s recommendation.
Media consisted of basal medium (BEGM Bullet Kit, Lonza Cat # CC-3170),

30  supplemented with 10% fetal bovine serum (Sigma Cat # F4135)and 2.5 ng/L
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hEFG (BD Biosciences Cat # 356052) and 700 ng/L phosphoethanolamine
(Sigma Cat # p-0503). Cells were cultured in T175 human
fibronectin/collagen/bovine serum albumin coated flasks. For each
experiment, cells were plated onto 384 well plates (custom order, BD

5 Biosciences Cat # 359298) at a cell density of 2.5 x 10%well in a total medium
volume of 25 pL/well. Plates were incubated for 24 h at 37°C, 5% CO..

Compound test plates were prepared using a 10 dose, 2.0 fold dilution
scheme with a final assay concentration range from 300 — 0.058 M. All
10  compounds were initially solubilized in 100% DMSO. This dosing scheme
contained 32 compounds per plate. Stock plates were prepared by aliquoting
1 pL of 100x compound/well (30 - 0.058 mM). The plates were prepared for
dosing by adding 99 uL of cell culture media and mixing. Test compounds
were added to cell culture plates by aspirating overnight culture media and
15  replacing with 25 pL/well of media containing test compound using the layout

outlined below. The final concentration of DMSO in each well was 1.0%.

Following the 72 h exposure to test compounds, cell viability in each
well was determined by measuring the concentration of cellular ATP using the
20 Lonza ViaIightT'\’I Plus Cell Proliferation / Cytoxicity Kit (Lonza cat: LT07-121)
according to the manufacturer’'s protocol. The ATP concentration was
determined by reading luminescence using a Wallac Envision plate reader
(Perkin Elmer, Waltham, Massachusetts, USA). Percent of viable cells relative
to no-drug treated controls was determined for each well. Final data output is
25 a calculated ICsp value describing the dose projected to kill 50% of the cells

following a 72 h exposure.
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TABLE 1
Brain Plasma Brain: % 1A
1 ) THLE
Cmpd R R AUC AUC Plasma Er
RT 37°C (HM)

(ng*h/g) | (ng*h/mL) ratio
S 0 41°
X \E> & 1790 1760 1.02 15 0.62 300

o OH 15°
A | R | g ¥ on 355 | 985 | 053
0]
B | ¥ cF | & 160 4090 | 0039 |563| 103® | TDO
COH
F
C | Wk | 2D 300 | 88°
D % ;VD 36.0 | 950° | 0.36
T COH
E | Y | e %oom 200 | 970° | 030
O
FlYY | & 319 2950 | 0108 |555| 118° | 0.28
COH
OH

O
G | ;‘VQ 330 | 79.0° | <027
COH
HO 0 104°
H za'/\lo A;\/Q 30.8 sob 0.83
O
J '1/\( & 391 | 55° | 078 | 56

a: 96-well format; b 384-well format.

When introducing elements of the present invention or the exemplary

embodiment(s) thereof, the articles “a,” “an,” “the” and “said” are intended to

5 mean that there are one or more of the elements. The terms “comprising,”
“‘including” and “having” are intended to be inclusive and mean that there may
be additional elements other than the listed elements. Although this invention
has been described with respect to specific embodiments, the details of these
embodiments are not to be construed as limitations to the invention, the scope

10  of which is defined by the appended claims.
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i ntroducing el enments of the present invention or the exenplary

enbodi renwQpitttoerreof , the articles "a," "an," "the" an#CTAR20d1/035€8
intended to 5nmean that there are one or nore of the elenents. The terns
"conprising,"” "including" and "having" are intended to be inclusive and

mean that there may be additional elenents other than the listed el enents.
Al t hough this invention has been described with respect to specific

enbodi nents, the details of these enbodinents are not to be construed as
limtations to the invention, the scope 10of which is defined by the
appended clains. 42 CLAI M 1.

(R) - 4- ((4- ((4- (tetrahydrof uran-3-yl oxy) ¥8nzo[ d] i soxazol - 3-

yl oxy) net hyl ) pi peridi n-1-yl) net hyl )t et rahydro-2H pyran-4-ol , or a
S5pharmaceutically acceptable salt thereof. 2. A conpound of fornula X
3. Formula X 10 or a pharmaceuti cal Iéf_Amgept abl e salt thereof.

1. (R)-4-((4-((4-(tetrahydrofuran-3-yloxy)benzo[d]isoxazol-3-
yloxy)methyl)piperidin-1-yl)methyl)tetrahydro-2H-pyran-4-ol, or a

5 pharmaceutically acceptable salt thereof.

2. A compound of formula X:

o-—N
\
0
HO
0
o Formula X

or a pharmaceutically acceptable salt thereof.

10
3. A pharmaceutical composition comprising the compound of claim 1, or
a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.

15 4. A method of treating a neurodegenerative disease or disorder, the

method comprising administering a therapeutically effective amount of the

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

5. The method according to claim 4, wherein the neurodegenerative
20 disease or disorder is dementia, Alzheimer's disease, depression, psychosis,
schizophrenia, anxiety, mood disorders, attention deficit’/hyperactivity

disorder, or attention deficit disorder.

6. The method according to claim 5, wherein the neurodegenerative

25 disease or disorder is Alzheimer's disease.



4. A pharmaceutical conposition conprising the compound of claiml, or a
phar maceutical ly acceptable salt thereof, and a pharnaceutically acceptable
carrier. WwbaoA/met7hod of treating a neurodegenerative dipsgaB®10ns0dissor der,
the nethod conprising adm nistering a therapeutically effective anount of

t he conpound of claim1, or a pharmaceutically acceptable salt thereof. 5.
The met hod according to claim4, wherein the neurodegenerative 20di sease or
di sorder is denentia, Al zheinmer's disease, depression, psychosis,

schi zophreni a, anxiety, nood disorders, attention deficit/hyperactivity

di sorder, or attention deficit disorder. 6. The nethod according to claim
5, wherein the neurodegenerative 25di sease or disorder is Al zheiner's

di sease. 43 7. The nethod according td3claim5, wherein the

neur odegenerati ve di sease i s denenti a. 8. The method of claim 4,
wherein the therapeutically effective anount 5 ranges from about 0.01 ng/kg

to about 100 nﬂ/ kg'ThgéQnethod according to claim 5, wherein the neurodegenerative

disease is dementia.

8. The method of claim 4, wherein the therapeutically effective amount

5 ranges from about 0.01 mg/kg to about 100 mg/kg.

10



