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ANEXOS 

Comprobante de pago de la tasa de presentacl6n de la solicitud. 

Documento que acredita la existencia y representac16p legal cuando el solicitante sea persona 
jurldica. 

Poderes, si fuere el caso. 

Documento de cesi6n del Inventor al solicitante o a su causante. 

ElDeclaraclones. 

FON 

Copla de la sollcitud internaclonal. (Resumen, descripci6n, reivindlcaciones, dibujos). 

Traduccl6n de la solicitud internacional al castellano. (Resumen, descripci6n, reivindlcaciones, 
dibujos). 

Copla del examen prellminar internaclonal efectuado por la Autorldad Internacional de Examen 
Prellminar (IPEA). 

Traduccl6n del examen prellminar internacional efectuado por la IPEA. 

De ser el caso, copla del contrato, de acceso. 

De ser el caso, documento que acredite la licencla o autorizacl6n de uso de conoclmlentos 
tradiclonales de las comunidades lndfgenas. 

De ser el caso, certlflcado de dep6sito del material blol6glco. 

Arte final. 12 x 12. 

De ser el caso, informacl6n sobre otras sollcitudes de patente o tftulos obtenidos en el extranjero 
pqr el mismo titular o su causante, relacionadas parclal o totalmente con la invencl6n de esta 
solicitud. 

De ser el caso, modificaciones efectuadas a la solicItud Internacional. 

Otros, BOsqueda Internaclonal 
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al del Inglds por Marldn Noira Castro, re olu i6n 2117 del 

Ministerio de.Justicia de Colombia 

APOSTILLA EN PODER DE REPRESENTACIdN DE 

ELI LILLY AND COMPANY 

BilingUe inglds- espanol otorgado en Indianapolis, Indiana, Estados Unidos el 17 

de julio do 2003 y firmado por Peter G.. Stringer,, Director Ejecutivo y Patentes 

Internacionales de Ely Lilly & Company. -

Todd Rokita Secretario de Estado 

Secretariode Estado de Indiana Estado de Indiana 

APOSTILLA 

(Convenci6n de la Haya del 5 de octubre do 1961) 
1. Pais: Estados Unidos de Amdrica- Este documento Pdblico 
2. ha sido firmado por Catherine Michel 
3. Ouien ejerce funciones de Secretario de la Corte del Circuito en y para el 

condado Johnson 

4. Lleva el sello del Secretario de la Corte del Circuito en y para el estado 
de Indiana 

CERTIFIdADO 
5. En Indianapolis, Indiana 6. El 22 de julio de 2003 
7. Por el Secretario de. Estado de Indiana 8. No. A2003- 11279 
9. Gran Sello del Estado de Indiana 
10. Firma legible de Todd Rokita- Secretario de Estado do Indiana 

Vigente desde el I mayo de 2003, todas ]as apostillas del Secretario de Estado 

n ana tienen e’l sello impreso electr6nicamente. 
0 

1% use, Indianapolis, Indiana 46204, (317) 232-6531, fax (317) 233-3283 
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Fn’ k CERTIFICACION NOTARIAL 
F= E? -, 

C= Ij >_ 
> 0 en le inglds- espahol, el 17 de julio de 2003 el suscrito notario Catherine ,n 

M 

P3 certifica que Peter G. Stringer, domiciliado en 7620 Castleton Farms, West M 

10’ve, Indianapolis, Indiana - 46256 Estados Un i dos ej erci a f unci ones de Di rector 

Ejecutivo. y Patentes Internacionales de Ely Lilly & Company, con.. sede en 

Indianapolis, Indiana, Estados Unidos. 
kva 

MARLEN NEIRA CASTRO 
rroductor e lntft.refe Oficial 
ingl& - Espafiol - Ingl6s 
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El otorgante fundamenta sus certificaciones en este documento: Delegaci6n do 

Autoridad concerniente a Ciertas Materias de Patentes, suscrito al 20 de enero 

de 2003: conforme a] poder otorgado al Asesor General de la Compahia por el 

Comit6 ejecutivo de la Junta Directiva de Eli Lilly and Company. 

Firma del notario p6blico Catherine Michel certifica 

Sus funciones vencen el 21 de octubre de 2008 - residente en el condado Johnson 

Sello de notario p6blico de Indiana 

Es traducci6n fiel del ingl6s, con copia archivo para confrontaci6n. BogotA 28 

de julio-2003. Marlon Neira C 

MARLEN NEIRA CASTRO 
Traductor e Int6rprete Oficiol 

Ingl6s - Espafiol - Ingl6s 
Resoluci6n No, 2117 del 7 Oct 1987 
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CAus 100 No. 8A-55 Piso 10 

B=TA, COLOMBIA 

TELEPHONE +67-1 638-62W 
Fax +57-1 638-MOI 

www.olarteraisback.com 

Power of Aftorn Poder 

The undersigned, El suscrito, 

ELI LILLY AND COMPANY 
domiciled in domiciliado on 

Lilly Corporate Center, Indianapolis, Indiana 46285 US 
by means of these presents hereby gmts to Carlos por mao del prosento otorga a Carlos IL 

R. Olarte? J. Ian Raisbeck and Ana Olarte, J. Ian Rabbeek y Ana Maria 
Maria FrIeri full and sufficient Power of FrIeri poder especial, amplio y suf1ciente para 
Attorney to file, prosecute, obtain, defend and prosentar, tramitar, obtener, defender y bacer 
enforce any and all of the company’s Patents, respow todas y cuWquiera do Patentes, Modelos 
Utility Models and Industrial Designs in the 
Republic of Colombia, to which end it empowers 

do Utilidad y Disefloo Industriales do la - 
compaWa en la Rep6blica do Colombia, a cuyo 

them to take all steps necessaty before any efecto los faculta. para dar todus los pasos 
administrative or judicial authority of any class for necesurios ante cualquier autoridad administrativa 
the objects stated, to file petitions, appeals, replies ojuclicial do cualquierjerarquia para cumplir con 
and oppositions, pay taxes and annuities, request lo encomendado, clevar solicitudes, apelaclones, 
testimonies, receive documents and securities, respuestas y oposiciones, pagar impuestos y 
abandon applications and collect refunds; Sufficient anualidades, solicitar tostimonios, recibir 
power is hereby granted to receive notifications on documentos y valorcs, desistir y percibir. So 
behalf of the Company, to confer powers on those concede poder bastanto pa?m recibir notificaciones 
who are to represent the companyjudicially and a nombre do la compaffla, otorga poderes a 
extrajudicially, to answer in court in the matter of all quienes vayan a representar a la compaftfajudicial 
claims and demands that may be presented in y extrajudicialmente, responder on juicio a todas 
connection with the objects stated, giving them las reclamaciones o demandas que por motivo do 
likewise power to substitute these presents and lo encomendado se presentaron, dindoles 
revoke such substitutions. asimismo facultad pata sustituir el presento y 

revocar dichas sustituciones. 
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Signatur&Firma 
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Š11 , M 0 Date/Fecha: J7July200-

City,Country/CiudadPais: Indianapolis, Indiana, United States of America 
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SECRETARY OF STATE 
STATE OF INDIANA 

APOSTILLE 

(Convention do la Haye du 5 Octobre 1961) 

1. Country: United States of America 

2. This public document has been signed by Catherine Michel 

3. acting in the capacity of circuit court clerk in & for Johnson County 

4. and bears the seal/stamp of circuit court clerk in & for the State of Indiana 

Certified 
5. at Indianapolis, Indiana 

6. this Twenty-second day of July, 2003 

7. by Secretary of State of Indiana 

8. No. A.2003- 11279 

9. Seal/Stamp: 

Indiana Secretary of State 

*Effective May 1. 2003 all apostilles from the Indiana Secretary of State will have an electronically printed seal. 

The Statehouse, Indiapapolis, Indiana 46204, (317) 232-6531, Fax (317) 233-3283 
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Omm Rmsoux& Fitim, LwA. 
LEGAL & PRomssioNAL SomcEs 

WORLD Tmop-CEWERŠ TORRE C 
CALLE 100 No. 8"S Piso 10 

BOGOTA, COLOMBIA 

TELrmPKOW-: +57-1 638-620D 
Fa)c +67-1638-6201 

www.olarteralsbeek.com 

Notarial Cerfification Certfficaci6n NQtarial 

On this dato? En esta fechs, 
/’71uly 2003 
The undersigned Notary Public cerdfies: el Noterio P6blico suscrito cerfifica: 

1. That 1. Que 
Peter G. Stringer 

of legal age and domiciled in mayor de edad y domiciliado 
7620 Castleton Farms, West Drive, Indianapolis, Indiana 46256 US 

signed the foregoing document suscribi6 el documento quo antocedo. 

2. That the grantor has executed the foregoing 2. Que el otorgante ha suscrito of referido 
document as Executive Director, International documento en su carkter de 
Patents 
ofELI LILLY AND COMPANY do 

3. That ELI LILLY AND COMPANY 
having its principal place of business located in 
Indianapolis, Indiana, United States of 
America 
is duty incorporsted? is currently in odstence, and 
that the purposes for which the Power of Attorney is 
granted are within the scope of its corporate 
purposes. 

4. Que 
con sede principal ubicada on 

esti legalmente constituida, quo tione existencia 
legal vigente y que los prop6sitos para log cuales 
so otorga el poder se encuentra dentro, do los que 
comprenden su objeto social. 

4. That the grantor has the authority to execute the 4. Quo ol otorgante tiene la representaci6ti para 
Power of Attorney and that his(her representation is suscribir el poder, y quo ista es legithna. 
legal. 

The foundation for my certifications contained in 
ats 2, 3 and 4 was the exhibition of the following 
lentic document(s): 
legation of Authority Concerning Certain 
:ent Matters, executed January 20, 2003; 
-suant to the authority granted to the 
neral Counsel of the Company by the 
-cutive Committee of the Board of 
-ectors of Eli Lilly and Company 

ARY PUBLIC (Signature): 

BEAL 

5, El fiaidamento do mis certificaciones 
contemidas en los puntos 2, 3 y 4 fue la exhibici6n 
do los (del) siguientc(s) documento(s) aut6ntico(s): 

Catheilhe Aftchel 
My Commission Expims Oc4toberl, 2CO08 
Resident of Johnson County 
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MORPHOLM DERMATMS AS NOREPEaPHPJNE 

REUPTARE IMMffORS 

This invention relates to novel morpholinecompounds, and to their use in selectively 

5 inhibiting norepinephrine reuptake. 

Selective inlubition of norepineplinne reupt*e is a relatively new mode of action for the 

treatment of affective disorders. Norepinephrine appears to play an important role in the 
disturbances of vegetative flinction associated with affective, anxiety and cognitive 

10 disorders. Atomoxetine hydrochloride is a selective inhibitor of norepinepbrine reuptake, 
and is marketed for the treatinent of attention, deficit hyperactivity disorder (ADHD). 
Reboxetine is also a selective norepinephrine, reuptake inhibitor, and is marketed for the 

treatment of depression. W099/15177 discloses the use of reboxetine to treat ADHD and 

W001/01973 discloses the use of S,S-reboxetine to treat inter alia ADHD. 

15 W02004/018441 discloses certam’’morpholine derivatives as selective inhibitors of the 
reuptake of norepinephrine-

According to the present invention there is provided a compound of fonnula. (1) 
RX Ar 

- Ry 
0 

X 
Rz RI 
Rz Rz 
RZ N RZ 

H 

20 

wherein, 
X is OK C1 -C4 alkoxy, NH2 or NH(CI -C4 alkyl); 

Rx is H or C I -C4 alkyl; 

Ry is H or C 1 -C4 alkyl; 

25 each Rz group is independently H or GI -C4 alkyl, with the proviso that not more than 3 

Rz groups may be CI -C4 alkyl; 





In the present specification the tenn "C4-C7 cycloalkylalkyl!’ means a monovalent. 
unsubstituted saturated cyclic hydrocarbon radical having from.3 to 6 carbon atoms 

20 linked to the point of substitution by a divalent unsubstituted saturated straight-chain or 
bTanched-chain hydrocarbon radical having at least I catbon atom. Thus. the tenW’C4-C7 
cycloalkyrt includes, for example, cyclopropylaiethylt cyclopropylethyl, 
cyclobutylinethyL cyclopentylmethyl and cyclohexcylmethyl. 

25 In the present specification the phrase ’%vherein one C-C bond within the cycloalkyl 

moiety is optionally substituted by an O-C, S-C or C=C bond!’means that either (i) any 
two adjacent carbon atoms within a cycloalkyl ring may be linked by a double bond 
rather flian. a single bond (with the number of substituents on each catbon atom being 
reduced accordingly), or that (ii) one of any two adjacent C atoms within a cycloalkyl 

30 ring (and any substituents thereon) may be replaced by an oxygen or sulphur atom. 
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Examples of groups encompassed by this phrase when used in conjunction with the term 

O-U!cycloalkyl includc, for example:’ 

-iŠCO d 

Examples of groups encompassed by this phrase when used in conjunction with the term 
I 

5. C4-C7 Pyclo alkyl include, for example: 

0 and 

09? In the ptesent specification the term "C2-C6 alkenyl means a mquovalent unsubstituted 

unsatur4ed straight-chain or branched-chain hydrocarbon radical having from 2 to 6 

10 carbon 4toms and containing at least one carbon-carbon double bond. Thus the term ",C I-, 

C4 allmoyl!’includes, for example, ethenyL propenyl, 2-wethyl-2-propenyl and butenyl-

In the ptesent specification the term "C3-C6 cycloalkoxy’ means a monovalent 

unsub4uted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms in the 

15 ring linked to the point of substitution by a divalent 0 radical. Thus the term "C3-C6 

cycloall?oxyr’includes, for example, cyclopropoxy. 

In the p?,esent specification the term "C I -C4 alky1mffonyl" means a monovalent 

unsu,bW6,ted saturated straight-chain or branched-chain hydrocarbon radical having from 

20 1 to 4 caftn atoms linked tD the point of substitution by a divalent S02 radical. Thus.the 

term "CI-C4 alkylsulfonyl" includes, for example, methylsulfonyl.. 

in the pr?sent specification terms similar to the above definitions specifying different 

numberslof C atoms take an analogous meaning. Specifically, "CI-C6 alkyr’means a. 

25 monoval6nt unsubstituted saturated straight-chain or branched-chain, hydrocarbon radical 

having feom I to 6 carbon atoms. Thus the term "C I -C6 alkyl" represents a larger set of 

compow?ds that encompasses the subset "CI -C4 alkyr but also includes, for example, n-

pentyl, 3?methyl-butyl, 2-niethyl-butyl, 1-methyl-butyl, 2,2-dimethyl-propyl, n-hexyl, 4-















.WO 2005/047272 PCT/tJS20041032771 
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A is N or CR6 (preferably CR6); R2 is CI-C4 akI (optionally substituted with 1, 2 or 3 
halogen atoms), CI-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl-I 
C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hy&M, pyridyl,-
thioplicayl, phenyl (optionally substituted with 1, 2 or. 3 substituents each independently 

5 selected from halogen, CI -C4 alkyl. (optionally substituted with’I, 2 or I halogen atoms), 
or CI-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) or phenoxy 
(optionally substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; R5 is K CI-C4 

alkyl (optionally substtated with 1, 2 or 3 halogen atoms), CI-C4 alkoxy (optionally 

substituted with 1, 2 or 3 halogen atoms), C I -C4 alkylthio (optionally substituted with 1,1 
10 2 or 3 halogen atoms), halo, or hydroxy; and R6 (if present) is H or halo (preferably 

a CI-C4 alkyl More preferably, Arl is group of the formula (a) wherein, A is CR6; R2 is 
(optionally substituted with 1, 2 or 3 fluorine atoms), Cl-C4 alkoxy (optionally 
substituted with 1, 2 or 3 fluorine atoms), halo or phenyl (optionally substituted with 1, 2 
or 3 fluorine atoms); R3 is H; R4 is H; R5 is H or F; and R6 is, H or halo. More 

15 preferably, Arl is a group of the formula (a) wherein, A is CR6; R2 is CI-C4 alkyl 

(optionally substituted with 1, 2 or 3 fluorine atoms), CI-C4 alkoxy (optionally 
substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted with 1, 2 or 3 
fluorine atoms); R3 is H; R4 is H; R5 is H or F; and R6 is H. Examples of specific 
identities for Arl include 2-methoxy-p4enyl, 2-ethoxy-phenyl, 2-trifluoromethoxy-

20 phenyl, 2-phenyl-phenyl, 243-fluoro-phenyl)-phenyl, 2-chloro-phonyl, 2-methoxy-5-
fluoro-phenyl, 2-chloro-6-fluoro-phenyl and 2-phenyl-5-fluoro-Plienyli 

Itwill be appreciated that a compound of formula (1) above will possess at least two 
asymmetric carbon atoms. In the present specification, where a structural formula does 

25 not specify the stereochemistry at one or more chiral centres. it encompasses all possible 
stereoisomers and all possible mixtures of stereoisomers (including,’but not limited to* 
racemic mixtures), which may result from stereoisomerism at each of the one or more 
chiral centers. 

30 Thus, compounds defined by formula (1) above include each ofthe individual 
stereoisOmers 













WO 2005/047272 PCTIVS20041032771 

-17-

.3-methyl-l-[(2-methyloxy)phenyll-2-morpholift-2-Ylbutan-2-OL 

1-[(2-othyloxy)phenyl]-3-methyl-2-morpholin-2-ylbutan-2-ol, 

3-methyl-2-inorpho)in-2-yl-1-12-[(trifluoromethyl)oxy)butan-2-olo 

1-[I,I’-biphenyl]-2-yl-3.?me%yl-2-morpholin-2-ylbutan-2-01, 

5 1-(4-fluorofl,l’-biphonyl]-2-yl)-3-methyl-2-morpholin-2-ylbutan-2-oL 

1-[5-fluoio-2-(methyloxy)phenyll-4-niethyl-2-morpholin-2-yl-pentan-2-oL 

1-[2-(ethyloxy)phenyl]-4-metlayl-2-mozpholin-2-ylpentan-2-ot 

4-methyl-2-morphohn-2-yl- 1- (2[Wfluoromethyl) oxy]phenyl)pentan-2-OL 

1-[I,I’-biphenyl)-2-YI-4-mothyl-2-morpholin-2-ylpentan-2-oL 

to 1-(4-fluoro[1,1’.biphenyl]-2-yl)4-methyl-2-inorpholin-2-ylpenUm-2-ol, 

1-?r-yclopentyl-2-[5-fluoro-2-(methyloxy)phenyl]-l-molpholin-2-yled=oL 

1--c-yclopentyl-2-[2-(ethylogy)phenyl)-l-morphc)lin-2-yletba-aoL 

1-cyclopentyl-l-morpholin-2-yl-2-(2-[(tdfluoromethyl)oxy] phenyl) eth=4 

2-[1,1’-biphonyl]-2-YI-1-cyclopentyl-l-morpholin-2-yledmnoL 

15 I-cyclopentyl-2- -fluorofll’-biphenyl]-2-yl)-i-mot?holin-2-ylethanoL .(4 

2-[S-fluoro-2-(mothyloxy)phenyt]-l-morpholin-2-yi-l-tetrahydro-2H-pyran4-ylethanol, 

1-morphohn-2-yl-l-tatrahydro-2H-pyran4-yl-2-(2-[(tffluoromethyl)oxy] 

phenyllethanoL 

2-[I,I’-biphonyl]-2-yl-l-mozpholin-2-yi-l-tetrahydro-2H-pyron4-yiethanoL 

20 2-(3rfluoro-biphenyl-2-yl)-l-morpholin-2-yl-l-(tetrahydro-pyran-4-yi)-ed=oL 

5,5,5-trifluoro-l-(5-fluoro-2-methoxy-phenyl)-2-morpholin-2-yi-pentan-2-oL 

5,5,5-??fluoro-2-morpholin-2-yl-l-(2-trifluoromethoxy-phenyl)-pentan-2-ol, 

1-[1,1’-biphenyl]-2-yl-5,5,5-trifluoro-2-morpholin-2-yipenta?-2-OL 

6,6,6-trifluoro-l-[S-fluoro-2-(methyloxy)phenyl]-2-morphol-2-ylhexan-2-01, 

25 !-(I,!’-biphenyl)-2-yl-6,6,6-trifluoro-2-morpholin-2-yl]hexan-2-ol, 

1-cyrlopropyl-2-[-2-(methyloxy)phenyl]-l-mozpholin-2-y?othanol, 

1-cyclopropyl-2-[-2-(ethyloxy)phenyl]-l-morpholin-2-ylethanol, 

2-[I,I’-biphonylj-2-yl-l-cyclopropyl-l-morpholin-2-ylethanol, 

1,3-bis-(2-methoxy-phenyl)-2-morpholin-2-yl-propan-2-ol, 

30 1-(2-methoxy?-benzyl)-2-(2-metboxy-phenyl)-l-morpholin-2 -ethylamine -Yi 

2-morpholin-2-yl-1,3-diphenyl-propan-2-ol, 
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Jh view of their phmmiAcological activity, the compounas’ of the present invention are 
indicated for the treatment of disorders of the central and/or pedphera I nervous system, in 

particular, disorders associated with norepinephrine dysfimction Mi mammals, especially 

humans, including children, adolescents and adults. 
5 

the amount The tem "norepmephrme dysfimetiou!’ as used herein refers to a reduction in 
of norepinephrine neurotransmitter within the synaptic cleft below that which would be 

considered to be normal or desirable for a species, or an individual within that species. 

Thus the phrase "disorders associated with norepinephrine dysfunction in mammals. 
10 refers to disorders which am associated with a reduction in the amount of norepinepbrine 

neurotransmitter within the synapticcleft below that which would be considered to be 
normal or desirable for the mammalian species, or an individual within the species, in 

question. Disorders associated with norepinepbrine dysfunction in mammals include, for’ 
example, nervous system conditions selected from the group consisting of an addictive 

15 disorder. and withdrawal syndrome, an adjustment disorder (including depressed mood, 
iety, mixed anxiety and depressed mood, disturbance of conduct, and mixed.. 

disturbance of conduct and inood), an age-associated learning and mental disorder 
Cr9IG (including Alzheimees disease), alcohol addiction, allergies (in particular all 

rlitnitis), anorexia nervosa, apathy, asthma, an attention-deficit disordet (ADD) due to 

20 general medical conditions, attention-deficit hyperactivity disorder (ADHD) including the 

predominantly inattentive type of ADHD and the predominantly hyperactive-impulsive 

type of ADHD (and optionally by way of combination th y with one or more -empl 
stimulants such as mothylphemdate,. amphetamine and dextromphetarnine), bipolar 
disorder, bulimia nervosa, chronic fatigue syndrome, chronic or acute stress, cognitive 

25 disorders (discussed in. more detail below but including delusions, dementias, amnestic 
disorders, mild. cognitive impairment (MCI), cognitive impairment associated with 

schizophrenia (CIAS) and cognitive disorders not otherwise specified), communication 

disorders (including stuttering, expressive language disorder, mixed receptive-expressive 

language disorder, phonological disorder and 
I 

communication disorder not otherwise 

30 specified), conduct disorder, cyclothymic disorder, dementia of the Alzheimers type 
(DAT), depression (including adolescent depression and minor depression), dysthymic 
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disor?er, emotional dysregulation (including emotional dysregulation associated with 

AD4, borderline personality disorder, bipolar disorder, schizophrenia,: scOzoaffective. 

disorl’er and intennittent.explosive disorder), fibromyalgia and other somatoform 

disord’,en (including somatization disorder, conversion disorder, pain disorder, 

5 hypoc6ndriasis, body dystuorpbic diso’rderundifferentiated, somatoform disorder, and 

disorder NOS), generalized anxiety disorder, hot flashes or vasomotor 
soma+OrM 
symprs, hypotensive states including orthostkfic hypotension, impulse control 

disord?rs (including intermittent explosive disorder, kleptomania, pyromania, 

pathol?gical gambling, trichotillomania and impulse-mntrol disorder not otherwise 

10 speciflW incontinence (i.e. bedwotting, stress incontinence, genuine stress 

inconti#ence, and mixed incontinence), an inhalation disorder, an intoxication disorder, 

learning disabilities (including developmental speech and language disorders (such as 

develokmental articulation disorder, developmental expressive language disorder and 

develo’61nental receptive language disorder), learning disorders (such as reading disorder, 

15 math"atics disorder, disorder of written expression and learning disorder not otherwise 

specifio) and motor sIdlls disorders (such as developmental coordination disorder)), 

niania, ?igrainr, headaches, neuropathic pain, nicotine addiction, obesity (i.e., reducing 

the weight of obese or overweight patients), obsessive compulsive disorders and, related 

SpeC4 disorders, oppositional defiant disorder, pain including chronic pain, 

20 neurop pain and antinociceptive pain, panic disorder, Parkinson"s disease (in 
a?ic 

parde4z to improve dysidnesia, oscilations, balance, coordination, depression, and 

motivat?on), peripheral neuropathy, personality change due to a general medical condition 

(includ?g labile type, disinbibited type, aggressive type, apathetic type, paranoid type, 

type and unspecified type), pery developmental disorders (including combMild asivo 

25 autistic d, isorder, Asperger’s disorder, Rett’s disorder, childhood disintegrative disorder, 

andperJasive develolxnental disorder not otherwise specified), post-traumatic stress 

disardeql prem?enstnW dysphorie’disorder (i.e., premenstrual syndrome and late luteal 

phase dysphoric disorder), psoriasis, psychoactive substance use disorders, a psychotic 

disorder (including schizophrenia, schizoaffective and schizophroniform disorders), 

30 seasonal ’,affective disorder, a sleep disord er (such as narcolepsy and enuresis), social 

phobia (i?cluding social anxiety disorder), a specific developmental disorder, selective 



period oftime. Delirium is very common, and occurs on average in about.a fifth of 
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Persisting Dementia (i.’e., due to a drug of abuse, a medication, or toxin. exposure), 

Dementia Due to Multiple Etiologies, or Dementia Not Othmwise Specified (if the’ 
etiology is indeterminate). As disclosed by Gray and. Cummings ((2002) Dementia, In 
Wise and Rundell, Eds., The American Psychiduic Publishing TWbook of Consultation-

5 Liaison Psychiatty, Psychiatiy in the Medically fil, Second Edition, American Psychiatric 
Publishing, Inc., Washington, D.C., Chapter 16, pp. 273-306, Table 16-1), exemplary 
etiological bases of priucipal dementia syndromes include, but are not limited to, 
degenerative disorders (cortical and subcortical), vascular disorders, myelinoclastic 
disorders, traumatic conditions, neoplastic disorders, hydrocephalic disorders, 

10 inflammatory conditions, infections, toxic conditions, metabolic disorders, and 

psychiatric, disorders. 

An amnestic disorder is characterized by memory impairment in the absence of other. 
significant accompanying cognitive impairments. The disorders in the "Amnestic 

15 Disorders" section of the DSM-IV-TRTm are also listed according to presumed etiology. 
Amuestic Disorder Due to a General Medical Condition, Substance-Induced Persisting 
Arnnestic Disorder, or Amnestic, Disorder Not Otherwise Specified. 

Cognitive Disorder Not Otherwise Specified in the DSM-IV-TRTm covers presentations 
20 that are characterized by cognitive dysfimction presmed to be due to either a general 

medical condition or substance use that do not meet criteria for any of the disorders listed 
elsewhere in the section of the DSM-IV-TRTm entitled, "Delirium, Dementia, and 
Amnestic and Other Cognitive Disorders."’ 

25 Dementia, amnestic disorders, and cognitive disorders NOS occur in Patients with a wide 
variety of other disorders includin& but not limited to, Huntington!s disease (chorea); 
Picles disease; spinocerebellar ataxias (types I- 11); corticobasalganglionic degeneration; 
neuroacanthocytosis; dentatorubropalfidoluysian atropy (DRPLA); systemic lupus 
crythematosus; heavy metal intoxication; alcoholic dementia (Wernicke’s 

30 encephalopathy); fetal alcohol syndrome, single or multiples strokes, including small 
vessels (Binswanger’s dementia: subcortical arteriosclerotic encepholopathy) and large 
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Amnestic Disorder Not Otherwise Specified .294.8 

Cognitive Disorder Not Otherwise Specified 294.9’ 

5 
Age-Related Cognitive Decline 780.9 

Examples of cognitive disorders due -to various etiologies, or associated with various 
disorders, of particular interest that can be prevented or treated using the compounds of 

10 the present invention include. enhancing cognitive functions and executive Ainctioning-

(ability to plan. initiate, organize, carry out monitor, and correct one’s own behavior) ’in 

normal subjects or in subjects exhibiting cognitive dysfunction; treatment of cognitive 

and attentional deficits associated with prenatal exposure to substances, of abuse 

including, but not limited to, nicotine, alcohol, methamphetamine, cocaine, and heroin; 
15 treatment of cognitive impairment caused by chronic alcohol and drug abuse (substance-

induced persisting dementia), medicament side effects, and treatment of drug craving and 

withdrawal; treatment of cognitive deficits in Down’s Syndrome patients; treatment of 

deficits in normal memory functiomng comorbid with major depressive and bipolar 

disordws; treatment of cognitive impairment associated with depression, mental 
.20 retardation, bipolar disorder, or schizophrenia; treatment of dementia syndromes 

associated with mania, conversion disorder, and malingering; treatment of problems of 
attention, prefrontal executive fimetion,, or memory due t6 head trauma or stroke; 
treatment of cognitive dysfunction in menopausal and post-menopausal women and in 

women undergoing hor mone replacement therapy-, treatment of cognitive deficits and 

25 fatigue due to, or associated with, cancer and cancer therapies (cognitive deficits are 

associated with a variety of cancer treatments, including craWal radiation, conventional 

(standard-dose) chemotherapy, high-dose chemotherapy and hernatopoictic (bone-

inarrow) transplantation, and biologic agents). 

30 Compounds of the present invention am also useful in- a method for treating a patient 
suffering ftom or susceptible to psychosis, comprishig administering to said patient an 
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62 (1988)); Risperidone, 3-(2-[4-(6-fltioro-1,2-be=isoxazol-3-yl)piperidino]ethyij-2-

mothyl-6,7,8,9-tetrahydro-4H-pyridof 1,2-alprimidin4-one, and. its use in the treatment 

of psychotic diseases are described, ijft U.S. Patent No. 4,804,663; Sertindole, 1-[2-14-[5-

chlpro-l-(4-fluorophonyl)-lH-indol-3-yl]-l-piperidinyl]ethyl]imidazoiidin-2-one, is 

5 described in U.S. Patent No. 4,710,500. Its use in the treatment of schizophrenia is 

described in U.S. Patent Nos. 5,112,838 and 5,238,945; Quetiapine, 542-(4-

dibouzo[b,f][1,43thiazepin-I 1-yI-I-piperazinyI)ethoxy)ethanol, and its activity in assays 

a ib which demonstrate utility in the treatment of schizophreni are desen ed in U.S. Patent, 

No. 4,879,288. Quetiapine is typically administered as its (E)-2-butenedioate (2: 1) salt; 

10 Ziprasidouej 5-[2-[4-(1,2-benzoisothiazol-3-yl)rl-piperazinyl]ethyl]-6-chloro-1,3-

dihydro-M-indol-2-one, is typically administered as the hydrochloride monohydrate. 

The compound is described in U.S. Patent Nos. 4,831,031 and 5,312,925. Its activity in 

assays which dernonstrate utility mi the treatment of schizophrenia are described in U.S. 

Patent No. 4,831,031; and Axipiprazole (AbilifyTm), 7-[4-[4-(2,3-dichlorophonyl)-I-. 

15 piperazinyl]butoxy]-3,4-dihydrocarbostyriI (U.S. Patents 4,734,416 and 5,006,528) is a 

new antipsychotic indicated for the treatment of schizophrenia. 

It will be understood that while the use of a single antipsychotic as a first component 

compound is preferred, combinations of two or more antipsychotics. may be used as a first 

20 component if necessary or desired. Similarly, while the use of a single compound of 

formula (1) as a second component compound is preferr4 combinations of two or more 

compounds of formula (1) may be used as a second component if necessary or desired. 

While all combinations of first and second componentcompounds are usefid and 

25 valuable, certain combinations are particularly valued and are preferred, as follows: 

olanzapine/compound of formula (J) 

clozapine/compound of formula (1)’ 

risperidonetcompound of formula (1) 

sertindole/compound of formula (1) 

30 quetiapinelcompound of formula (1) 

ziprasidone/compound of formula (I 
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do 
. 
nepezil (AriceptV), fivastigmine (Exelon(t), galantam?e (Reminylft and tacrine 

(Cognex(M); the selective monoamme oxidase inhibitor selegiline (Eldeprylft and 

raemantine (NamendaTu), 
, 
a newly FDA-approved NMDA receptor antagonist for the 

treatment of moderate to severe Alzheimer’s disease. Modafffiff (ProvigU@) is also used 

5 in the treatment of Altheimer’s disease. 

The present invention also encompasses the use of one or more compounds of fo=ula (1) 

in combination with one or more conventional Parkinson’s agents for the treatment of 

cognitive dysfunction in ParkinsoWs disease. The invention also provides a 

10 phatmaceutical composition which compfises-a *9 component that is a conventional 

Pakinson’s agent and a second component that is a compound of formula (1). 

Conventional Parkinson’s agents include levodopa; levodopa/caxbidopa (Sinemetg)); 

0 opamme agonists, e.g. bromocriptine;, Stalev. (ca?bidop.a/levodopa/entacapone); d i 

Mirapexe (pramipaxole), PermaxdO (pergolide), and RequipS (ropinirole); COMT 

15 inbibitora, e.g., tolcapone, aud entaeapone; Selegifte (Deprenylg; EldepTyle); 

propranolol; phmidone, anticholinergics, eg., CogentinO, ManeO, AkinetonO, 

]Di,sipal@, and Kemadrin1b; and amantadine. 

In each of the combination treatments mentioned above, said first, and second components 

20 maybe administered simultaneously, separately or,sequentially. Similarly, said 

compositions encompass combined preparations for simultaneous, separate or sequential 

Use. 

The term 11reatment" as used herein refers to both curative and prophylactic treatment of 

25 disorders associated with nompinephrine dysfunction. Ibus, the term "treatment’. is 

intended to refer to all processes wherein there may be a slowing, interrupting, arrestin 

controlling, or stopping of the progression of the disorders described herein, but does not 

necessarily indicate a total elimination of all symptoms, and is intendcd to include 

prophylactic and therapeutic treatment of such disorders. 
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The compounds of the present invention are also indicated for the treatment of &orders 

whic? are ameliorated by an increase.in the amount of norepinephrine neurotransmitter 

withik the synaptic cleft of a mammal above that which would be considered to be normal 

or desirable for the mammalian species, or an individual within the species, in question. 

5 

in au?ther embodiment of the present invention,,there is provided a pharmaceutical 

cotaosition comprising a compound of formula (1) or a pharmaceutically acceptable salt 

theredf together with a pharmaceutically acceptable diluent, excipient. or carrier. 

10 In an?ther embodiment of the present invention, there is provided a compound of formula 

(1) or pharmaceutically acceptable salt thereof for use in therapy., 

Inandther embodiment of the present invention, there is provided a compound of for?iula 

(1) or 4 pharmaceutically acceptable salt thereof for use as an inhibitor of the reuptake of 

151, norepiplephrine.,Preferably such inhibition occurs within mammalian cells (including 

mam+Iian cell membrane preparations), especially those found within the central and/or 

peripheral nervous system. More preferably such Whibition occurs within the cells of the 

central nervous system of a mammaL especially a human, in need thereof. 

20 -In ano?her embodiment of the present inventionthere is provided a compound of formula 

(1) or pharmaceutically acceptable salt thereof. for treating disorders associated with 

norep?ephxine dysfunction in mamuials. 

In anojher embodiment of the present invention, there is provided the use of a compound 

..25. of fo4ula (1) or A pharmaceutically acceptable salt thereof for the manufacture of a 

medic?xnent for mInbiting the reuptake of norepinephrine. 

In sno?er embodiment of the present invention, there is provided the use of a compound 

of fon#ula (1) or a pharmaceutically acceptable salt thereof for the manufacture of a 

.30 medicament for the treatment of disorders associated with norepinephrine dysfunction. in 

mammos. 



















Table I 

Cyclopropyl-substitated ketone 77 may altematively be obWned from N-benzyl 
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1 15% AcOEt Š 85% n-heptane 2 L 

20% AcOEt Š SOO/o n-heptane 5 L 

Alter?atively, this intermediate may be prepared as follows: 

A 1600 L glass-lined reactor under N2 is successively loaded with 2-chloroacrylonitrile 

(33.2 ?g, 379 moles) and toluene (114 L) at 210C. 7henN.benzyIethanolamine(57kg, 

377 uples) is added and the reaction mixture is post-agitated at room temperature for 

5 about 11 Th. Then, the mixture is diluted with toluene (336 L), cooled down to about Š 12 

OC anI potassium t-butoxide (42.3 kg, 377 moles) is added in p 
. 
ortions (10) maintaining 

about 13 "C:9 Tmass:5 about Š 2 OC. The mixture is post-agitated at about O*C for 2.5 

h? tW quenched by adding water (142.5 L) maintaining about 2 OC <_ Tmass 5. about 8 

T. T4e aqueous layer is separated after. 35 minutes of post-stirring allowing the mixture 

.10. to reac? 15 OC and the toluene layer is washed with water Q 42.5 L) and the aqueous I 
I 
ayer 

is sepakated. The organic layer is then concentrated under reduced pressure (150 mbars) 

maintaining Tmass:5 60 T in order to distill 162 kg of toluene. -The filtrates are then 

diluted1with toluene (114 L) and treated with SiO2 (Merck silica gel 60, 0.063-0.1 Mtn, 

Xi k? under agitation at room temperature for 1.25 IL SiO2 is filtered and rinsed with. 

15 toluene?(U114L). Then, the filtrates are concentrated under reduced P?ressure (150 

mbars) 6aintaining Tmass:9 60 OC in order to distill 35 1.8 kg of toluene. 

4-Beis4l-morplioline-2-carboxylic add hydrockioride (91) 

0 OH 

HO 

A MO ?L reactor under N2 is successively loaded with toluene (36.72 mL) and 2-

20 chloruac?rylonitrile (10.7 g, 122.23 mmol) at room temperature. Then, N-benzyl 

ethanola?nine (18.36. & 121-14 mmol) is added over 5 min and the reaction is 

post-agiOted. at room temperature for 16h. , Then, the mixture is diluted with toluene 

(110.164) , cooled to Š ST and 2M potassium tat-butoxide solution in TBF (12114 

mmol) i slowly added over 30 min, maintaining the teruperatureat Š 5 OC to 0 OC. Tbe 

25 mixture is post-agitated at about Š5*C to OT 

’ 

for I h, then quenched by adding water (45.9 

ML). The aqueous layer is separated and the toluene layer is. washed with water (45.9 
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TO a stirred suspension ofJVN-dimethylhydroxylamine (6.6 g, 67.6 mmol) in anhydrous 

DCM (200 mL) under nitrogen at OPC is added dropwise a,Mution of 

trimethylaluminium, (2M solution in hexane, 34 m1L, 67.6 mm’ol) over 30 minutes. The 

reaction mixture is allowed. to wann up to room temperature and left stirring for I hour. A. 

5 solution of the ester 1 (6.74 g, 27 mmol) Mi anhydrous DCM (100 mL) is then added 

dropwise over 30 minutes and the reaction mixture is left sfirring OvernIght. before 

quenching by cautious addition of phosphate buffer (disodium hydrogen phosphate, pH 8) 

solution. 7be precipitate is removed by filtration through a celite. pad and the residue 

washed with chloroform. The organic phase is then concentrated in vacuo and washed 

10 with water. The aqueous layer is re-atracted with chloroform and the organic phases are 

combined, washed with brine, dried over magnesium sWphate and the solvent evaporated 

in vacuo to’give 2 as a yellow oil. Alternatively, the reaction could be worked up as 

follows: upon addition of a solution of the ester I (I eq) the reaction mixture is left 

s6rring for I hour before quenching by addition of phosphate buffer (disodium hydrogen 

15 phosphate, pH 8) solution, followed by addition of water. The aqueous layer is re-

extracted with DCM and the organic phases are combined, dried over magnesium. 

sulphate, and the DCM evaporated in vacuo to give 2 as a yellow oil (336 47 MW 

264.33; C14H2oN203- ’H NMR (CDC)3): 7.47-7.22,(5H, m), 4.55 (II-L d, 1.5 Hz), 4.00 

(IK dd, 11.5 Hz, 1.7 Hz)V 3.75 (IK d% 11.5 Hz, 2.2 Hz),, 3.65 (311, s), ?3.56 (2JR, m), 3.17 

20 (311, s), 2.93 (II-L d? 11.3 Hz), 2.68 (IH, d, 11.3 Hz), 2.30 (2H, 11-3.Rz); LCMS: (6 

method) m/Z 265 (M+M*"$, RT 0.65 min. 

4-Benzyl-morpholine-2-carboxylic acid inelboxy-methyl-anside (2b) 

0 

N 

Compound 2 may be separated into its enantiomers. by chiral IPLC under the following 

25 conditions; Daicel Cbiralpak OJ 20AM; 25.cm; n-heptanelisoproponol 80:20 v:v; 0.4 

raTJmin,- detection at 220 mn. The desired enantiomer 2b is the peak eluting at (RT 

???’,P min). Alternatively, compound 2b may be synthesized substantially as described 

above for compound 2 using compound I b in place of compound 1. 
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1.3,3, Trifluorqffopyl ?nagaesiumbromide is obtaonedf.mm Owmercia4Y 1tvailable 

(Aldric 1) 3,3,3 ol wing ner4l -W#iiorqprqpyI bromide f 90 GR Proceduie 5. Purification by 

ion exc?ange chromatography gives 9 as on oil (1.24 g, 78.1 o). MW 301.3 1; 

CjsHt$V3NO2,1 LCM? (6 minute me-thoft’ni/i 302.4 [M+H]+v Rt 2.66min. 

)morphoUn 5 5.5,5-Mflaoio-l?[4-(plienybnedsyI -2-yllpenlen-I-ene 06) 

0 

comi410 is prepared frovi a solution of.2 (0.717 g, 2.7 1, mmol) in anhydrous: bd 
tvtrqhyqitvfiuAu (20 mL) and 4,4,4-trifluorobuty1inagnesium bromide (O.SM solution in, 

diethyl pther,, 6.5 mL, 3.25 m=4 1,2eq). 4,4,4-Trifluorob*1 Magnesium bromide is 

10 O?ta" fron commercially available (Aldrich) 4,4,4-trMuorabutyl bto*de follov;&S 

Gmer4Nocedwe 5. After 30 minutes another 0.3 eq of 4,0-hifluordbutyl magnesium 

bromido are added (03M solution in diethyl ether, 2.5 wL). After stirring for 2- hours the 

, s iveut? are in vacuo and water (20 mL) and ethyl acetate (30 mL) am added to 0 

the residue." The organic pbase is washed with brine, dried.over magnesiura suIpbato and 

15 the solyot is removed in vacuo to give, 10 as clear oil (0.985 g).. 10 is taken’onto the next 

’Step 
wtut 

further Purification. MW 315-34; Ci6H2cNO2F3; LCM: (0 min method) mlz 

316 + RT 2.9min. 

N 0 

20 A.sqluti?? of N-benzyl-N-(2-hydroxyethyl) chloroacetamide (627.7 g, 2..76 mol) in tert-. 

butanol (0.9 L) is stirred under nitrogen while wammg to 25-3 OOC. -Potassium text-

(2.897Lof a IM solution. in tert-butapo,4 2.90 mol,105eq) is added over 2 

hours. reaction mixture is then stirred at room temperature for 90 minutes. lee-cold 

water (6,L), is added and the repultant cloudy solution extracted with ethyl aceWe.. The 

25 corabinO orgam’t layers are washed with brine, dried over magnesium sulphate and 

evapora?ed in vacuo to give alight brown oil (441 g, 840/6), which is used in the next 
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stage without further purification; MW 191.23; C, IH13NO2; 
1H . NMR (CDC13)- 7.29-7.40 

(5H, m), 4.67 (21-L s), 4.28 (2A s), 3.87 (2H, t, 5 Hz), 3.31 (2H, t 5 Hz); LCMS: (12 min 

method) mIz 192 UM+H]+ R-r 1.00 min., 

4-Be7tzyl-2-(cydopropyl-hydroxy-inetisyl)-morplioliyt-3-one (75) 

H 

0 

5 
To a solution of 4-benzyl-mozpholin-3-one (9.5 50 mmol) in TBF (200 mL) is added 

lithium diisopropylamide (2M solution in TBF, 27 mL, 54 mmol, 1. 1 eq dropwise over 

20 minutes at -78*C followed by slow addition of cyclopropyl methylaldehyde (3.85 mL, 

55 mmol, 1. 1 v?. After stining at -78*C for one hour the reaction mixture is. allowed to 

10 warm to room temperature and stirred for another 6 hours. The reaction is quenched by 

addition of EtOAc and brine. The aqueous layer is extracted with EtOAc, the combined 

organic layers are dried over magnesium sulphate and reduced in vac’uo. Purification 

usmg automated column cbromatography (DCM/MeOH, 100/0 to 85/15 [v/v]) gives 75 in. 

70% purity with 4-benzyl-morpholin-3-one as the major impurity. This product is directly 

15 used in the next step. MW 261.32; C,51119NO3; LCMS (6 min method) m/z 261.32 

[M+M+, RT 2.23 

(4-Boizyt-morpltoliii-2-yl)-cyclopropyl-inethanot (76) 

0 

Borane-TBY complex (lM solution in TBF, 30 mL, 30 mmol, 4.1 eq) is added slowly to a 

20 solution of 75 (1.9 g, 7.3 mmol) in TBF (100 mL). The reaction is heated to 60*C. After 

24 hours MeOH and hydrochloric acid (2M, excess),are added and the resulting mixture 

heated for one hour at the same temperature. After careful addition of saturated NaHCO3 

solution and BtOAc the aqueous layer is extracted with,EtOAc. The c6mbined organic 

layers are washed with brine, dried over magnesium sulphate and the solvent is removed 

25 in vacuo. Purification by ion exchange chromatography gives 76 (1.1 g, 6101o). MW 

247.34; CoH2,NO2; LCMS (6 min method),m/z 248 [M+H]+$ RT 2.48 
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(85 ln? and 24b (79 mg) are obtained as brown solids (28% combined yield). MW 

293.36? C17H27NO3.HCI;’H NMR (CD30D) 8 7.06-7.09 (11L m), 6.954.01 (IH, m), 

6.66-0,5 (2H., m), 3.80i.3.92 (3K m), 3.46-3.63 (2K m), 2.9 
. 
6-115 (2H, m), 2.66-2.86 

(4Hm?,1.54-1.63(lKm),1.22(3K?7.OHz),,0.82.(3H,.d?,7.OH.z),0.71(3K?d,7.0 

5 Hz); LO?MS (12 minute method): m/z 294.2 [M-HCI+IW, RT4.60 min. 

hvftoc?lon---de -(2§1 

3-Metit?1-2-[4-olienylnsedsyl)itsorpliolin-2-ylj-l-[24(influoromedlYI)OXY]. 

10 plwnyl),butan-2-ol (25) 

ON 

Comp+d 25 is obtained from 5 (953 mg, 3.85 mmol) and commercially available. 

(Fluoroohem) 2-tzifluoromethoxy benzyl magnesium bromide (8.48 mL, 4.24 mmol,’ 1, 1 

eq) in 4hydrous TFW (25 mL) following General Procedure 3 and additionof &rther 2-

15 trifluoz?mothoxybenzyl magnesium bromide (3.85 mL, 1.93 mmol). Purification by ion 

exchan?e chromatography gives 25 as a yellow oil in 
. 
86%’purity which is used in the 

next stj without fUrther purification (1.53 g of isolated material). MW 423.38; 

C23H2gFoNO3; LCMS (6 minute method) m/z 424.1 [M+IW, RT.3.53 Mmi, 

3-Metit?1-2-morpholiji-2-YI-142-1(tdfluoromethyl)oxylblitan-2-oI hydrochloride (26): 

20 CUM 
t 

26 is obt,amed from 25 (1-53 g, 3.61 mmol), aŠchloroethyl chloroformate (1 .55 mL, 14.5 

mmol, 4 1,equiv.) and polymer-supported HUnig’s base (2.03 g, 7.23 mmol, 2 eq) in DCM 

(30 mL) Ifollowing General Procedure 3. Purification by ion exchange chromatography, 
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06 

room temperature. After an additional lh stirring, ft 8b solution is slowly added to the, 

mixture over 140, n3im at Š150C. After a ffirther 30 mins, the quench is perfbrmed by 

addition of acetic acid (124 mL) keeping the temperature below -50C, then. a 10/1 v/v 

water/acetic acid mixture (2200 mL) is added keeping the temperature below I OOC The 

5 organic layer is extracted at room tewperature,, filtered to remove Mg turnings and left 

overnight The organic layer is washed with water (500 mL), then basification is 

perfonned by addition of water (1600 mL) and NH3aq (311.8 mL). lhe organic layer is 

concentrated and i-propanol (2000 znL) is addedL The azootrope tolueneli-propanol is 

stripped off under reduced pressure, then x-propanol is removed. The brown-orange oil i’s 

10 dissolved in i-propatiol (2380 mL) then 12N HClaq (138.6 mL) and water (2380 mL) are 

added. The apolar impurities are removed with a cyclohexane wash (4760 
=L).. ’Men the, 

aqueous layer is basified with NH3aq and extracted with toluene (4 L). The organic layer 

Js washed with water (500 mL), then the combined aqueous layers are extracted with 

toluene (4 L) andthen this now toluene solution is washed with water (500 mL). The 

.15 combined organic layers are concentrated under reduced pressure, then i-propanol (2 L) is 

added and the solution is concentrated again to provide a crude oil of 51b (550 g, 91% 

yeild; 94% ee) aad 100 g of i-propanol. This crude oil is diluted with THF (2000 mL) and 

8.76M 1praq (153.9 mL) is added. This mixture isallowed to stir overnight and a Un 

suspension is observed. The precipitate is filtered and washed with THF (150 mL) to give 

20 34 g of racermic 51 as the HBr salt The mother liquors are concentrated then toluene 

(1500 ML), water (500 mL) and NH3aq (103.58 mL, 1.386 mol) are added. The orgauic 

layer is extr?cted and washed with water (250 mL). The combined aqueous layers are 

extracted with toluene (500 mL). The combined organic layers are dried over MgSO4 and 
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Comp’pund 55 is prepared from 8 (0-56 g, 1.94 mmol) and 2-phenyl benzyl magnesium. 

bromi4e solution (0.25 M solution in diethyl other, 9.31 niL, 2,33,mmol, 1.2 eq) 

follovAng General Procedure 2. 2-Phenylbenzyl magnesium bromide is prepared from 

commpreially avai able (Aldrich) 2-phenylbenzyl bromide following General Procedure 

5 5. Fur?her 2-phenyl benzyl magnesium bromide solution 0 mL) is added and the reaction 

left unflor stirring overnight. Purification by ion exchange chromato.graphy g. ives 55 as an 

off-w?ite foam-like solid (0.37 91 68%). MW 457.,62; C3oH3.sNO3; LCMS. (6, minute 

methoft ra/z 458 [M+Hl+p RT 3.58 

2-[I,l i-Bipheityll-2-yl-l-onorphollys-2-yl-l-teiraloydro-2H-pyran-1-yieffianoI 

10 hydro?hloride (56) 

H-0
 
H-Cl 

The Oe base of 56 is obtained from 55 (0.588 9,,1.28 mmol), solid supported 
I 
Hflnig’s 

base (d.72 g) and a-chloroethyl ebloroformate (0.53 mL) in anhydrous DCM (20 mL) 

following General Procedure 3. Purification by ion exchange chromatography gives the 

15 free ble, of 56 as viscous oil (0.483 S), contaminated with a’small amount of the N-

protee*d compound 55. The residue is treated with an excess of reagents (I eq), solid 

suppor?ed Hfinig’s base (0.36 g) and a-cbloroethyl chloroformate (0.26 mL) in anhydrous 

DCM (20 mL) and methanal (20 mL) and purified by ion exchange chromatography to 

give tl? free base of 56 (0.432 g). Purification by preparative LCMS followed by 

20, conver$ion to its hydrochloride salt Mowing General Procedure.4 gives 56 (0.290 g, 54 

10%). MI* 403.95; C2-,H,,NO3.HCI; ’H NMR (CD30D): 8 7.45-7.59 (IH, m), 7.10-7.35 

.(8H, m), 3.85 (IHII dd, 13 Hz, 3.5 Hz), 3.75 (IH, dd, 11.5 Hz, 3.5 -Hz), 3.51-3.59 (3H, m)31 

2.83-3A2 (7H, m), 2.64 (IH, t 12 Hz), 1.36-1-52 (211, m), 1.02-1.21 (2FL m), 0.90-0.94, 

(II-L m); LCMS: (12 min method) m/z 368 [M-RCI +H]+o RT 4,6min. 

25 





































WO 200JI0417272 PCTtUS2004/032771" 

-106-

from of aMopriate cDNA library? Primers for PCR are dlesiped using the following 

pubfis?ed sequence data: 

HumaA?dopwnijae U, 0XIEVj.:,G*qBAnk M95167. Reference: Vandenbergh DJ, Persico 

a?d uman ?Ibpalmine trwaporter ?5 AM 
j 

Uhl GPLA, cDN.4 predicts reduced 
- 
glycosylatiom 

disphU sp novel replifive dementandprovides rocially-dimorphic TaqIRY?Ps. 

Molecidar-Brain Resew&.(1992) volume 15, pages 161-166. 

Hut* IICX?ivhrine trmuporter. GenBank M65105. Reference: PachoIczyk T, 

10 Blakelt P%D A. m’a.m.. SG Exprenion cloning of a cocaine- and antidepresi sant-

sensWe I rte?. lume 350, pages 350-354. kuman noradrenaline tran;po -Nature (1991) vo 

H" seroto* ft olter. GeOB,ank L05568. Reference: Ramamoofthy S Smm= 
MOMM 

Han 9, Yaug-Feng T, Chang AS, Ganqathy V and Blakely ?Dql 

15 cocaine-sensitivehuman serolonin transporter." r cloning, 

impressi and romo-somal lc?calfta_don. Proceedin of the National Acad?my. of ph 96 

Scienco of the USA (1993) vollume 90, vitges 2542-2546. 

The, Pc? pro6cts.are cloned iVD a mammalian expression vector (eg peDNA3.1 

20. (It usingstandard ligation techniq=..’The.constructs are then used to stably 

ee IMK293-W s using a commercially available hpof tioureagent ?vitro 
ing eman’ f (LlpofettamincTm, g follow ’th U octure, S protocol. 

the afRnity LW ss@A for detMpu of test ligmds t the 5!6?tign Mogh *ty a 

25 

T he 11::?o?pouads of the, present. invention we norepinephme reuptake inhibitors, aud 

possess!excellent activity in,’for example, a scintillation proximity assay (6.g. ? J. Gobel, 

D.L’Sa?ay and A. GO’ J.-Pharmacol. Toxicolo. (1999),42,231-244)’.T?us 39-? tzt.: 
msaxe4e.binding to norepineplaine re›"take: sites ju a cell line translected’with DNA 









WO 204/047272 PCTIUS2004/032771 

f am DA in ŠH= .fip pf ft bing Lfign 9 _HeIa-_tic ?gogixdj with M-2 

MCM10 

’ytoc*omeP4502D6(CYP2D6)isamamWian.en:;?3=ewbic;hiscommonI Y 
associated with the metabolism of around 300/a of pharmaceutical compoun& Moreover, 

.51. this e4? exhibits genetic polynimphism, resulting in the presence of both normal and 

poor metabolizers, in the population.. A low. involvement of CYP2D6 in. the metabolism of 

complunds (i.e. thecompound bemig a poor substrate of CYP2D6) is desirable in order to. 

any Xeducvariability from subject to subject In, the phamutcoldbetict of the compoimd. 

Also, Ompounds with.a low. inhihi am ibitor potential for CYP2D6 desirable in, order to 

avoid brug-drug interactions with co-administered drugs thm are substrates of CYP2D6.:. 
comp?unds may be tested both as substrates and as inhibitors of thisenzyme by means of 

the followmig assays. 

M_2P6 pbstrate assay 
15 

This 86Y determines the extent of the. CYP2D6,enzyme involvement in the total 

x, 
0 
OXI 

e 

e metabolism of a compound in microsomies. Preferred compounds of the present 

exhibit less than 7.5% total metabolism via the CYP2D6 pathway. 

20-, For 9* iu’vitro,assay, the extent of oxidative metabolism M human liver nucrosomes 

(HLM) is determined after a 30 minute incubation in the absence and presence of 

Quink ine, a, specific ?chemical inhibitor of CYP2D6- The differenceb the extent of 

Abitor indicates the involvement of metabsolism in absen6e and presence ofthe inhi 

iri the metabolism,of-the compoun& 

25?.’ 

WterihIs and Methods: 

Hmna4, liver microsomes (mixture of 20 different donors, mixed gender) are acquired’ 

from uman Biologics (Scottsdale, AZ; USA). Quinidine and PŠNADPH 

(PŠNigotin de Adenine Dinucleotide Phosphate, reduced form, tetrasodi.urn salt) am 

30 purch0ed from Sigma (St Louis, MO, USA). All ft other reagents and solvents are of 

analy" grade. A stock solution of the now chemical entity (NCE) is prepared in a 
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niixtureof Acetonitrile/Water to reach a final concentration of acetonitrile in the 

incubation below 0.5%. 

The microsomal incubation mixture (total volume 0. 1 mL) conWw the NCE (4 

5 PŠNADPH (I mWD, microsomal proteins (0.5 mg/mL), and Quinidine (0 or 2 pAO in 100 

mM sodium phosphate buffer pH 7.4. The mixture is incubated for 30 minutes at 37 ’C in 

a shaking waterbath. The reaction is terminated by theaddition of acetonitrile (75 pt). 

The samples are vortexed and the denaturated proteins are removed by centrifugation. 

The amount ofNCE in the supernatant is analyzed by liquid chromatography /mass 

io spectrometry (LCYMS) after addition of an internal standard. A samp?c is also taken at the 

start of the incubation (t-0), and analysed similarly. 

Analysis of the NCE is performed by liquid c4romatography /mass spectrometry.’Ten ItL 

i "ected otdiluted samples (20 fold dilution in the mobile phase) are m) onto a Spherisorb 

15 CN Column, 5 pM and 2.1 min x 100 mm (Waters corp. Miffqrd, MA, USA). The mobile 

phase consisting of a mixture of Solvent A/Solvent B, 30/70 (y/v) is pumped (Alliance 

2795, Waters corp. Milford, MA, USA) through the column at a flow rate of 0.2 

mUminute. Solvent A and Solvent B am a mixture of annnonium formate 5. 1 W3 M pH 

4.5/ methanol in the proportions 95/5 (v/v) and 10/90 (y/v), for solvent A and solvent B, 

20 respectively- The NCE and the internal standard are quantified by monitoring their 

molecular ion using a mass spectrometer 2ND or. ZQ (Waters-Micromass corp, 

Machester, UK) operated in a positiveelectrospray ionisation. 

The extent of CYP2D6 involvement (0/6 of CYP2D6 involvement) is calculated 

25 comparing the extent of metabolism in absence and in presence of quinidine in the 

incubation. 

The extent of metabolism without inhibitor is.calculated as follows: 

(NCE response in ?"Ies without inhibit?r)HYpe 0 - (NCE pleswithout nbibitor)dn=30 X100 Egonse m 2a 
(NCE Tesponse in sarnoes without inbibitor)dnw 0 

30 
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The ex?ent of metabolism with inhibitor is calculated as follows: 

*bjLor)Wnie3O ’(NCE!!!ponscin s?noes without inhibitor)tIT!O-q4q nonsein samples with inhi 
X10.0 

(NCE response in smples without inhibitor)dnWO 

where the NCE response is the area of the NCR divided by the area of the internal 

standaro in the LCM analysis chromatogram, timeO and timc3O correspond to the 0 and 

5 30 min*tes incubation time. 

The % Of CYP2D6 involvement is calculated as follows 

k% extent of metabolism without bbibitor) - (Yo extent of metabolism wi th iahlitor) 
X100 

% extent of metabolism without inhibitor 

10 Q?YP6 jphbiLor oss 

Princi0e 

0 The MIP2D6 inhibitor may evaluates the potential for a compound to inhibit CYI.?2D6. 

This is performed by the measurement of the inhibition of the bufuralolY-hydroxylase 

activitylby the compound compared to -a control. The V-hydroxylation of bufuralol is a 

15, metabo?c reaction specific to CYP2D61. Preferred compounds of the present invention 

exhibit p ICso higher than 6 pM for CYP2D6 activity, the IC5o being the concentration of 

the conipound that gives 50 % of inhibition of the CYP2D6 activity. 

Materiq and methods: 

Š20 Humanliver microsomes (mixture of 20 different donors, mixed gender) are acquired 

from H?man Biologies (Scottsdale, AZ). PŠNADPH is purchased. from Sigma (St. Louis, 

MO). Vafuralol is purchased from Ultrafine (Manchester, UK). All.the other reagents and 

soivent4 are of analytical grade. 

25 MicrosOmal incubation mixture (total volume 0. 1 mL) contains bufaralol 10 pK 

DŠNAJJPH (2 mM), microsomal proteins (0.5 mg/mL), and the now chemical entity 

(NCE) jO, 5, and 25 ILM) in 100 mM sodium phosphate buffer pH 7.4. The mixture is 

ineubat6d in a shaking waterbath at 3.7 *C for 5 minutes. The reaction is terminated by the 

additW of methanol (75 tLL). The samples are vortexed and the denaturated proteins are 

30 remove4 by centrihgation. The supernatant is analyzed by liquid chromatography 
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ortho position with a substitaent selected from CI -C4 alkyl (optionally substituted with I 
2 or 3 halogen atoms), C I -C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), CI-C4 alkylthio, (optionaUy substituted with 1, 2 or 3 halogen atoms), -CO-O(Cl-
C4 alkyl), cyano, -NM -CONRR, halo, hydroxy. pyndyl, tbiophenyL phenyl, benzyl and 

5 phenoxy, each of which ortho substituents is optionally fing-substituted (where a ning is 
present) with 1, 2 or 3 substituents each *independently selected from halogen, CI-C4 
alkyl (optionally substituted with 1, 2 or.3 halogen atoms), Cl -C4 alkoxy (optionally 

substituted with 1 0 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, -NRR, - 
CONM S02NRR and S02R; and each of which is (in addition’ to ortho substitution) 

optionally finther substituted with I or 2 substituents each independently selected from 
CI-C4 alkyl (optionally substituted with 1, 2 or 3 halogen. atoms), CI-C4 alkoxy’, 

(optionally substituted with 1, 2 or 3 halogen atoms), CI -C4 alkylthio (optionally 

substituted with 1, 2 or 3 halogen atoms), -CO-O(CI-C4 alkyl), cyano, -NM COW, 

halo, and hydroxy. 
15 

13. A compound as claimed mi any preceding claim or claim 30 wherein Arl is a 

group of the formula (a): 
R 3 

R2 R4 

A R5 

wherein, 

20 A is N or CR6 (preferably CR6); R2 is Cl-C4 alkyl (optionally substituted with 1, 2 or 3 
balogen atoms), CI -C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), -Cl-

C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 

thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substituents each independently 
selected from halogen, C 1 -C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoras), 

25 or CI -C4 alkoxy (optionally substituted with 1, 2, or 3 halogen atoms)) or phenoxy 

(optionally substituted with 1, 2 or 3 halogen atorns); R3 is H; R4 is H; R5 is HO CI-C4 

allcyl (optionally substituted with 1, 2 or 3 halogen atoms), C I -C4 alkoxy (optionally 
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25. A compound as claimed in any one of claims I to 21, except when dependent 

any of 30 to 32, or a pharmaceutically acceptable salt thereof for treating upon one 

disorders associated vnith norepinapbrine dysfunction. in, mammals. 

5 

Ther,u$0,ofa compound asclikaedin.auYvaeof claims I to2l, exceptwhen 

dq=dent upon any one of claims 50 to, 32, oi.a pbarmaceutically acceptable salt thereof 

for the manufacture of a m4cammi,for the Uutmeat of disorders associated with 

norepiuephrine dysfimetion in bxwmn*. 

10 

27. A method for i0ffifing the reuptake of norepinepbrine in mammals comprising 

administering tai?ativnt in need thinwfan effiecdve.Amount of a compound as claimed 

in any one,of claizn& I to 211 except when dopendent upon any one of claims 30 to 32, or 

a pharwace?dcaUy acceptable salt thereof 

15 

28. A method for treating disordw anociated with norepinephrine dyshmction Mi 

mammals to, a patieni in need tbereof an effective amouixt’of a Comprisins WOWM9 

compound as claimed in any one of claibis 11o2l, except when dependent Upon any one 

of claims 30 to 32, or a pharamouticallyacceptable, salt thereof 

20 

29. A process for the’preparation of a compound of formula (1) comprising the stop of 

deprotecting a compound of the formula (XV) 

Rx Ar, 

0 
X 

RZ R1 

N Rz 
Rz ..: 1’? Rz ?P 

(XM 
25 wherein P represents an N-proWftg group and 0 other variables are as defined for 

provide i 6f a (1), optionally followed by the, ftivul (1) in claim 1, to compound formul 

smp. of fomking a phamaceuticolly acceptable set 
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0 ANEXOS 

EDComprobante de pago de la tasa de presentac16n de [a sollcitud. 

F-1 Documento que acredita la existencia y representacl6n legal cuando el, sollcitante sea persona 
juri’dica. 

ElPoderes, si fuere el caso. 

EDDocumento de cesi6n del inventor al solicitante o a su causante. 

Declaraciones. ID 
ElCopla de la sollcitud International. (Resumen, descripci6n, reivindicaciones, dibujos). 

ElTradu.cc!6n de la solicitud international a[ castellano. (Resumen, descripci6n, reivindicaciones, 
dibujos). 

Copia del examen prellminar International efectuado por la Autoriclad International de Examen 
Preliminar (IPEA). 

Traduccl6n del examen prellminar International efectuado lJor la IPEA. 

De ser el caso, copla del contrato de acceso. 

De ser el caso, clocumento que acrecilte la licencla o autorizacl6n de uso de conocimlentos 
tradiclonales de las comuniciades lndfgenas. 

De ser el caso, certificado cle dep6sito del material blol6gico. 

Arte final 12 x 12. 

De ser el caso, Informacl6n sobre otras solicitudes de patente o t[tulos obteniclos en el extranjero 
ppr el mismo titular o su causante, relaclonaclas partial o totalmente con la lnvencl6n de esta 
solicitud. 

EDDe ser el caso, modiflcaciones efectuaclas a la solicitud International. 

FEOtros. B6,squeda International 

FIGURA CARACTERiSlICA: 

j 
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MORPHOLM DERIVAT.WES AS NOIREMEPHRINE 

IREMAUDa"MRS 

This invention relates to novel morpholine compounds, and to their use in selectively 

5 inhibiting norepinephrine xeuptake. 

Selective inhibition of norepinephrino reuptake is a relatively new mode of action for the 

tmWent of affective disorders. Norepinephrine appears to play an important role-in.the 

dbtabonm of vegetative fimction associated with affective, anxiety and cognitive 

10 disorders. Atomoxetine hydrochlorideit a selective inhibitor of norepinephrine reuptake, 

and is marketed for the treatment of attention deficit hyperactivity disorder (ADHD). 

Reboxetine is also a, selective,norepinephrine reuptake inhibitor, and is marketed for the 

treatment of deprossiow,W09945177 discloses the ’use of reboxetine to-treat ADHD and 

W001/01973 discloses the use of S,S-reboxetine,to Mat inter alid ADHD. 
15 W02004/018"l discloges certain morpholine derivatives as selective inhibitors of the 

reuptake of norepinephrine. 

According to the present invention there is provided a compound of formula (f) 

RX Arl 
Ry R! X. 

0 
Rz -RI 

Rz Rz 
RZ N RZ H 

20 

whom* 

X is,Olt CI-C4 alkoxy, NH2 or NH(CI-C4 alkyl); 

-RxbHorCI-C4dkyI 
Ryu 

14 or C I -C4 alkyl; 

25 each Rz group is independchtly H or CI-C4 alkyl, with the proviso that not more than 3 

Rz groups may be CI-C4 alkyl; 
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RI isiCI-C6 alkyl (optionally substituted with, 1, 2 or 3 halogen atoms and/or with I 

subsotuent selected from Cl-C4 allcylthio (optionally substituted with.1, 2.or 3 fluorine 

atom?), C I -C4 alkoxy (optionally substituted with, 1, 2 or 3 fluorine atoms), C3-C6 

cyclo?koxy, C I -C4 alkyla"onyL cyano, -CO-O(C I -C2 alkyl), -0-CO-(C- 1 -C2 allcyl) 

5 and brroxy); C2-C6 alkenyl (optionally substituted with 1, 2 or 3 halog 
. 
en ato ms); C3. 

C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with I 

substi6ent selected from Cl-C4 alkoxy and hydroxy) wherein . C-C bond within the 

cyclok,ql moiety is optionally substituted by an O-C, S-C or C--C bond, C4-C7 

cyclotOkylalkyl (optionally subsUtuted with 1, 2 or 3 halogen atoms and/or with I’. 

10. substituent selected from CI-C4 alkoxy and hydroxy) wherein one C-C bond within the 

cycloaiyl moiety is optionally substituted by an O-C, S-C or C=C bond", or CH2Ar2; and 

Arl ar? Ar2 are each independently a phenyl ring or a 5- or 6-membered heteroaryl ring 

each 4 which is optionally substituted with 1, 2 or 3 substituents (depending upon the 

nmnWr of available substitution positions) each independently selected from C 1-C4 allcyl 

15 (optiorially substituted with 1, 2 or 3 halogen atoms), CI-C4 alkoxy (optionally 

substitpted with 1, 2 or 3 halogen atoms), CI-C4 alkylthio (optionally substituted with I,-
.2 or 3 ?alo gen atoms), -CO-O(CI-C4 alkyl), cyano, -NRP, -CONRR, halo and hydroxy 

and/or With I substituent selected from pyridyl, thipphenyl, phenyl, benzyl and phenoxy, 

each of which is optionally ring-substituted with 1, 2 or 3 substituents, each independently 

20 selected from halogen, C I -C4 alkyl (optionaUy substituted with 1, 2 or 3 halogen atoms), 

CI -C4 ?Jkoxy (optionally substituted with 1, 2 or 3 halogen. ato=), carboxy, nitro, 

hydrox?, cyano, -NRR, -CONRR, S02NRR and S02V4 and 

each R Is independently H or CI-C4 alkyl; 

or a phormaceutically acceptable salt thereof 

25. 

In the pTesent specification the term ",C I -C4 alkyl" means a monovalent unsubstitated 

saturate? straight-chain or branched- chain hydrocarbon radicalhaving from 1 to 4 carbon’ 

atoms. Thus the term "C 1 -C4 alkyl" includes, for example, methyl, ethyl..u-propyl, 

isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. 

30 
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In the present specification the term "Cl-C4 alkoxy" means a monovalent unsubstiMed 

saturated straight-chain or branched-chain hydrocarbon radical having from I to 4 carbon 

atoms linked to the point of substitution by a divalent 0 radical., Thus the term "Cl-C4 

alkoxy" includes, for example, methoxy, athoxy, n-propoxy, isopropoxy, n-butoxy, 

5 isobutoxy, see-butoxy and tert-butoxy. 

In the present specification the term T I -C4 allcylthio" means a monovalent unsubstituted 

saturated straight-chain or branched-chain hydrocarbon radical having from I to 4 carbon 

atoms linked to the point of substitution by a divalent S radical. Thus the tem "C I -C4 

10 alkylthio!’ includes, for example, meth0hio, Othylthio, n-propylthio, isopropylthio, n. 

butylthio, isobutylthio, sw-butyltbio and tert-butylthio. 

In the present specification the term "C3-C6 cycloalkyr’ means a monovalent. 

unsubstitated saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms. Thus 

15 the term "C3-C6 cycloalkyl"includes, for example, cyclopropyL cyclobutyl, cyclopentyl 

and cyclohexyl. 

In the present specification the term.’?C4-C7 cycloalkylallcyl" means -a monovalent 

unsubStitUted saturated cyclic hydrocarbon radical having from.3 to 6 carbon atoms 

20 linked to the point of substitution by a divalent unsubstituted saturated straight-chain or 

branched-chain hydrocarbon radical having at least I carbon atom. Thus the tenn"C4-C7 

cycloalky!" includes, for example, cyclopropylinethyl, cyclopropylethyl, 

cyclobutylmethyl, cyclopentylmethyl and cyclohexylm t yl. e h 

25 In the present specification the phrase "wherein one C-C bond within the cycloalkyl 

moiety is optionally substituted by an O-C, S-C or C=C bonV means that either (i) my 

two adjacent carbon atoms within a cycloalkyl ring may be linked by a double bond 

rather than a single bond (with the number of substituents; on each carbon atom being 

reduced accordingly), or that (fi) one of any two adjacent C atoms within a cycloalkyl 

.30 ring (and any substitaents thereon) may be replaced by an oxygen or sulphur atom. 
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methyl-pentyl and 3-methyl-pentyl. Specifically, ITI-C2 alkyl"’ moms a monovalent 

unsubstitated saturated hydrocarbon radical having I or 2 carbon atoms. Thus the. term 

"Cl -C2 alkyl"represents a subset of compounds within the term "Cl -C4 alkyrl and 

includes methyl and ethyl. 

5 

In the present specification the term "halo" Or"halogen" means F, CI, Br or L 

In. the present specification the term "phenoxy" means a monovalent unsubstituted phenyl 

radical linked to the point of substitution by a divalent 0 radical.’?, 

10 

In the present specification the term "5-membered heteroaryl rine’ means a 5-membered 

aromatic ring including one or more heteroatoms each independently selected from N, 0 

and S. Preferably there are not more than three heteroatoms in total in the rin& More 

preferably there am not more than two heteroatoms in total in the ring. More preferably 

15 them is not more than one heteroatom in total in the ring., The term includes, for example, 

the groups thiazolyl, isothiazolyl, oxaZIDIyI, isoxazolyl, thiophenyL ftanyl, pyrrolyl, 

imidazolyl, triazolyl, oxadiazolyl and thiadiazolyl. 

"Thiazolyr’ as used herein includes 2-thiazoly], 4-thiazolyl and 5-thiazolyl. 

20 "’bothiazoW" as used herein includes 3-isothiazolyl, 44othiazolyl, and 5-isothiazolyl. 

"Oxazolyr’ as used herein includes 2-oxazolyl, 4-oxazolyl and 5-oxazolyl. 

"Isoxazolyr’ as used herein includes 3-isoxazolyl, 4-isoxazolyl, and 5-isoxazolyl. 

"Thiophenyl" as used herein includes 2-thioOhenyl and .3-thiophenyl. 

"Furanyl"as used herein includes 2-furanyl and 3-furanyl. 

25 ’Tyrrolyl" as used herein includes 2-pyrrolyl and 3-pyrrolyl. 

"Imidazolyl" as used herein includes 2-imidazolyl and 4-imidazolyl. 

"rriaz6lyr’ as used herein includes I -triazolyl, 4-triazolyl and 5-tijazolyl. 

"Oxadiazolyr’as used herein includes 4- and 5-(1,2,3-oxadiazolyl), 3- and 5-(1,2,4-

oxadiazolyl), 3-(1,2,5-oxadiazolyl), 2-(1,3,4-oxadiazolyl). 
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-.Thia?iazolyl" as used herein includes 4- and 5-(1,2,?-thiadiazolyl), 3- Md. 5-(1,2,4-

IbiadiAzolyl), 3--(l,2,5-tbiadiazoIyI), 2-(1,3,4-thiadiazolyi). 

In the present specification the term "6-membered heteroaryl ring7means, a 6-membered 

5 aroma?c ring including one or inore heteroatoins each independently selected from N. 0 

and S. Preferably there are not more than three heteroatows in total in the ring. More 

prefera?ly there are not more than two heteroatonis in totalin. the ring. More preferably; 

there is! not more tlian one heteroatoin in total in the zing. Ihe term includes, fbr example, 

1he gro,4ps pyridyL pyrimidyl.. pyraziuyl, pyridazinyl and triazinyl. 

10 

’T)mid?y- as used herein includes 2-pyridyl, 3-pyridyl and 4-pyridyl. 

’I’Primi’dyl"’ as used herein includes 2-pyrimidyl, 4-pyrimidyl and 5-p)Timidyl. 

’Tyrazihyr’ as used herein includes 2-pyrazinyl and 3-py:razinyl. 

"Tyridatinyl" as used herein includes 3-pyridazinyl and 4-pyridazmyt. 

15 "Riazinyl"as used herein includes 2-(1,3,5-triazinyl), 3-, 5- and 6-(1,2,4-Itriazinyl) and 4-

and 5-(11 3-triazinyl). 

In the prpsent specification the term "orthe refers to a position on the. Arl aromatic ring 

which is!adjacent to the position from which Arl links to the rest of the compound of 

20 formula (1). 

In the prOsent specification the term ’W-protecting group" ineans a functional group 

which re?ders the N atom to.which it is attached unreactive under the reaction conditions 

to which ?he N-protected compound is subsequently exposed, except where said protec 
. 
ted 

25 N atom iq also bonded to an H atom and except where such conditions are specifically 

chosen to,remove the N-protecting group. The choice of N-protecting group will depend 

upon the 4ubsequent reaction conditions and suitable N-protecting groups for given 

situations will be known to the person skill? ed in the arL Further information on suitable 

N-protect?g groups, including methods for their addition and removal, is contained in the 

30 well knowp text’Trotective Groups in Organic Synthesis",, Theodora W. Greene and 
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In a *eferred embodiment of the present invention, R I is C I’_C6 akl (optionally 

inbs?tuted with 1, 2 or 3 halogen atoms and/or with I substitaeut. selected from C I -C4 

alkyliAio (optionally substituted with 1, 2’or 3 f luorine atoms), C I -C4 alkoxy (optionally 

subst?tuted with 1, 2 or 3 fluorine atoms),, C3-C6 c’yeloalkoxy, C I -C4, alkylsulfbnyL 

5 cyanci, -CO-O( Cl-C2 WkyI),.-O-CO-(Cl-C2 alkyl) and hydroxy). More preferably, RI.is 

Cl-CO alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with I substittient 

selectk,d from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), cyano 

and h?droxy). More preferably, Rl is Cl’-C6 awl (optionally substituted with 1, 2 or 3 

halog? atoms). More preferably, RI is CI-C6 aRVI (optionally substituted’with 1. 2 or 3 

10 fluori4e atoms). Examples of specific identities for RI within this embodiment include 

mothyl, ethyl, iso-propyl, iso-butyl, n-butyl, 3,3,3-trifluoropropyl. and 4,4,4-trifluorobutyl. 

In a pr!eferred embodiment of the present invention, RI is C2- 
. 
C6 alkenyl (optionally 

substi?ted with 1, 2 or 3 halogen atoms). 

15 

In a pr6ferred embodiment of the present invention, RI is C3-C6 eyelbalkyl (optionally 

subaftted with 1, 2 or 3 halogen atoms and/or with I substituent selected from C.1 -C4 

alkoxyrnd hydroxy) wherein one C-C bond within the cycloalkyl moiety is optionally 

substitu, ted by an O-C, S-C or C=C bond. More preferably, RI is C3-C6 cycloalkyl 

20.’ (optioi#lly substituted with 1, 2 or 3 halogen atoms and/or with I substituent selected 

from O-C4 alkoxy and bydroxy) wherein one C-Cb.ond within the cycloaLkyl moiety is 

aptiom4ly substituted by an O-C bond. More preferably, RI is C 3-C6 cycloalkyl wherein 

one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C bond. 

Examp?es olf specific identities for Rl.within this embodiment include cyclopropyl, 

25 cyclopeptyl -and tetrahydropyranyl (in particular tetrahydro-M-pyran-4-yl). 

In a preterred embodiment of the present invention, RI is C3-C6I cycloalkyl (optionally 

substitufed with 1, 2 or 3 halogen atoms and/or with I substituent selected from C I -CA 

alkoxy -4nd hydroxy). More preferably, R1 is C3-C6 cycloalkyl. Examples of specific 

30 identitiel? for RI within this embodiment include cyclopropyl and cyclopentyl. 
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In a preferred embodiment of the present invention, R1 is C3-C6 cycloalkyl (optionally 
substituted with 1, 2 or 3 

halogen 

atoms and/or with I substituentselected from CI-C4 
alkoxy and hydroxy) wherein one C-C bond within the cyclou", moiety is substituted. 
by an O-C, S-C or C-C bond. More preferably, RI is C3-C6 qycloalkyl (optionally 

5 substituted with IV 2 or 3 halogen atoms and/or’%ith I substituent, selected from Cl -C4 

alkoxy and bydroxy) wherein one C-C bond within the cycloalkyl moiety is substituted 
by an O-C bond. More preferably, RI is C3-C6 cycloalkyl Wherein one C-C bond vntbin 
the cycloalkyl moiety is substitated by an O-C bond. An example of a specific identity for 
RI within this embodiment is tetrahydropyranyl (in particular teftahydro-M-pyran-4-yl). 

10 
In a preforred"embodiment of the present invention, R1 is C4-C1 cycloalkylalk-yl 
(optionally substituted with It 2 or 3 halogen atoms and/or with 1, substituent selected 
from C I -C4 alkoxy and hydroxy) wherein ont C-C bond whbin the cycloalkyl moiety is 
optionally substituted by an O-C, S-C or C-C bond. 

In a preferred embodiment of the present invention, RI is C4-C7 cycloalkylatkyl 
(optionally substituted with 1, 2 or 3 halogen atoms and/or with I substituent selected 
from Cl-C4 alkoxy and hydroxy). 

20 In a preferred embodiment of the present invention, RI is C4-,C7 pycloalkylalkyl 
(optionally substituted with 1, 2 or 3 halogen atoms and/or with I substituent selected 
from CI-C4 alkoxy and hydroxy) wherein one. C-C bond within the cycloalkyl moiety is 
substituted by an O-C, S-C or C-C bond. 

25 In a preferred embodiment of the present M"vention, Ri is CH2Ai2 wherein Ar2 is as 

defined above. More preferably, RI is CH2Ar2 wherein Ar2 is a phenyl ring or a pyridyl. 

(preferably 2-pyridyl) ring each of which may be substituted with 1, 2 or 3 substituents 
each independently selected from C I -C4 alkyl (optionally substituted with 1, 2 or 3 
halogen atoms), Cl-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl-

30 C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo and hydroxy. 

More preferably, RI is CH2Ar2 wherein Ar2 is a phenyl ring optionally substituted in ft 
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A is N or CR6 (preferably CR6).; R2 is C I -C4 dkyl (optionally substituted with 1, 2 or 3, 

halogen atoms), CI-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl-

C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hidroxy, pyridyl, 
thiophenyl, phenyl (optionally substituted with.1, 2 or 3 substitaents each independently 

5 selected from halogen, C I -C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms),, 
or CI-C4 alkoxy (optionally substituted with 1, 2, or 3 halogen atoms)) or phenoxy 

(optionally substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; R5 is K CI-C4 
Wtkyl (optionally substituted with 1, 2 or 3 halogen atoms)., CI-C4 alkoxy (Optionally 
substituted with 1, 2 or 3 halogen atoms), C I -CI4 aliq1thio, (optionally substituted with 1. 

10 2 or 3 halogen atoms), halo or hydroxy; and R6 (if present) is H or halo (preferably H). 

More preferably, Arl is a group of the formula (a) wherein, A is CR6; R2 is CI -C4 alkyl 
(optionally substituted with 1, 2 or 3 fluorine atoms), CI-C4 alkoxy (optionally 
substituted with 1, 2 or 3 fluorine atoms), halo or phenyl (optionally subs6tuted with 1, 2 
or 3 fluorine atoms); R3 is H; R4 is H; R5 is H or F; and Mis H or halo. More 

15 preferably, Arl is a group of the formula (a) wherein, A is CR6; R2 is CI-C4 alkyl 

(optionally substituted with 1, 2 or 3 fluorine atoms), CI-C4 alkoxy (optionAly 

substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted with 1, 2 or 3 
fluorine atoms); R3 is H; R4 is H; R5 is H or F; and R6 is H. Examples of specific 
identities for Arl include 2-methoxy-p4enyl, 2-ethoxy-phenyl, 2-trifluoromethoxy-

20 phenyl, 2-phenyl-phenyl, 2-(3-fluoro-phenyl)-phenyl, 2-chloro-phenyl, 2-methoxy-5-
fluoro-phenyl, 2-chloro-6-fluo henyl and 2-phenyl-5-fluoro-phenyl, ro-P 

It will be appreciated that a compound of formula (1) above will possess at least two 

asymmetric carbon atoms. In the present specification, where a structural formula does 

25 not specify the stereochemistry at one or more chiral centres, it encompasses all. possible 
-cs of stereoisomers (including, but not limited to, stereoisomers and all possible mixtur 

racernic mixtures), which may result from stereoisomerism at each of the one or more 

chiral centers. 

30 Thus, compounds defined by formula (J) above include each of the individual 

stereoisomers 









bond or CH2Ar2 wherein Ar2. is a phcayl. ling optionAy subsduAed with I or 2 

25 s0kituents cookinde;mdeady selected ftm CI-C4 alkyl (option0y substitated with 1, 
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3-tuethyl-l-[(2-methyloxy)phenyl]-2-morpholin-2-ylbutan-2-OL 

1-[(2-othyloxy)phenylj-3-methyl-2-morpholin-2-ylbW=-2-ol, 

3-methyl-2-morpholin-2-yl-1-12-1(trifluoromet?yl)oxy)butan-2-olo 

1-[I,I’-biphonyl]-2-yl-3-meihyl-2-mprpholin-2-ylbutatL-2-ol, 

5 l-,(4-fluoro[1,11-biphonyl]-2-yl)-3-methyl-2-mo?pholin-2.ylbutan-2-ol, 

1-[5-fluoto-2-(methyloxy)phenyl]-4-mothyl-2-morpholin-2-yl-pentan-2-oL 

.1-[2-(dhyloxy)phonyll-4-methyl-2-mozpholin-2-ylpentan-2-oL 

4-methyl-2-morpholin-2-yl-l-(2[WfluoromethyD oxy]phonyl)pentan-2-oL 

1-[I,I’-biphenyl]-2-YI-4-methyl?2-morpholin-2-ylpentan-2-oL 

10 1-(4-fluorofl,l’-biphenyl]-2-yl?melftyl-2-tuorpho&-2-ylpentau-2-oL 

.1-cyclopentyl-2-[5-fluoro-2-(methyloxy)phenyl3-1-morpholin-2-yled=oL 

1-cyclopentyl-2-[2-(ethyloxy)pheiiyl]-l-morphohn-2-ylethanoL 

1-cyclopentyl-l-moxpholin-2-yl-2-{2-[(trifluoromethyl)oxyj phenyl) efimoL 

2-[1,1’-biphenyl]-2-yl-l-cyclopentyl-l-morpholin-?-yiethanoL 

15 1--cyclopentyl-2-(4-fluoro[1,1’-biphenyl]-2-yl)-l-morpholin-2-ylefl=oL 

1-morpholin-2-yl-l-tetrahy&o-2H-pyran-4-yl-2-12-[(Uffluoromethyl)OXYI 

phenyll othauoL 

2-[I,,I’,biphenyl]-2-yl-l-morphohn-2-yi-l-tetrahydro-2H-pyran4-yleg=oL 

20 2-(3!-fluoro-biphenyl-2-yl)-l-morphohn-2.,?yl-l.(tatrahydro-pyran-4-yl)-ethanoL 

5,5,5-trifluoro-l-(5-fluoro-2-methoxy-phenyl)-2-morpholin-2.yl-pentan-2-oL 

5,5,5-trifluoro-2-morpholin-2-yl.l-(2-trifluoromethoxy-phenyl)-penton-2-oL 

1-[1,1’-biphenyl]-2-yl-5,5,5-trifluoro-2-morpholin-2-ylpentan-2-01, 

6,6,6-trifluoro-l-[5-fluoto-2-(Methyloxy)phenyl]-2-morphol-2-ylhexan-2-ol, 

25 1-[1,1’-biphenyl]-2-yl-6,6,6-trifluoro-2-morpholin-2-yl]hexan-2-OL 

1--r-yr-lopropyl-2-[-2-(methyloxy)phonyl]-l-morpholin-2-yiethanol, 

1--r-yclopropyl-2-1-2-(ethyloxy)phenyl)-l-mozpholin-2-ylethanol, 

2-(I,I"-biphenyl]-2-yl-l-cyclopropyl-l-morpliolin-2-ylethanol,, 

1,3-bis-(2-methoxy-phenyl)-2-morpholin-2-yl-propan-2-ol, 

30 1-(2-methoxy?-benzyl)-2-(2-methoxy-phenyl)-l-morpholin-2-yl-ethylan3ine, 

2-inorpholin-2-yl-1,3-diphenyl-propan-2-ol$ 
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1-(2?meffioxy-phenyl)-2-morphobn-2-yl-hexan-2-ol, 

2-m4rpholinyl-l-biphenyl-2-yl-hexan-2-ol, 

1-(2-?,ebloro-6-:Uuoro-phenyl)-4-methyl-2-mor.pholin-2-yi-pe 
I 
ntan-2-ol and. 

.1-(2-bbloro-phenyl)4-mothyl-2-morpholin-2-yl-pentan-2-oI 

5 and Pharmaceutically acceptable salts thereof. 

The ?ompounds of the present invention are inhibitors of norepinephrine reuptake. 

Dioginic arnine transporters control the amount of biogenicamine, neurou-ansmitters in 

the 4naptic cleft. Inhibition of the respective transporter leads to a rise in the 

10 conce?dration of that neurotransmitter within the synaptic cleft. Compounds of formula (I) 

and fl?r pharmaceutically acceptable salts preferably exhibit a Ki value less.than 600nM 

at theAorepinephrine, transporter as determined using the scintillation proximity assay 

described below. More preferred compounds of formula (1) and their pharmaceutically 

accep?able salts ethibit a Ki valueless than I OOaM at the norepinephrine transporter. Still 

15 more preferred compounds of formula (1) and their pharmaceutically acceptable salts 

exhibit a Ki value less than 50nM at the norepinephrine transporter. Especially preferred 

compqunds of formula (1) md their pharmaceutically acceptable salts exhibit a Ki value’ 

less thtn 20nM at the norcpinephrine transporter. Preferably, compounds of the present 

invention selectively inbibit the norcpin?phrine transporter relative to the serotonin and 

20 doparnine transporters by a factor of. at least five, more preferably by a factor. of at least 

ten usi?g the scintillation proximity assays described below. 

in addi?ion, the compounds of the present invention are preferably acid stable. 

Advanta geously, they have a reduced interaction (both as substrate and inhibitor) with the 

25 liver eniyme Cytochrome P450 (CYP2D6). That is to say, they preferably exhibit less 

than 75% metabolism via the CYP2D6 pathway according to the M2D6 substrate assay 

descri4 d below and they preferably exhibit an IC50 of >6;LM according to the CYP2D6 

inhibito? assay described below. 
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In view of their pharmapological’activity, the compounds’of the present invention are 

indicated for the treatment of disorders of the central and/or peripheral nervous system, in 

particular, disorders associated with norepinephrine dysfunction Mi marnmal especially 

humans, including children, adolescents and adults. 

5 

Ihe term "norepinepbrine dysfimetioif ’ as used herein refers to a reduction in the amount 

of norepinephrine neurotransmitter within the’synaptic cleft below that which would be 

considered to be normal or desirable for a species, or an individual within that species. 

Thus the phrase "disorders associated with norepinephrine dysfunction in mammals 

10 refers to disorders which are associated with a reduction in the amount of norepinephrine 

neurotransmitter within the synaptic cleft below that which would be considered to be 

normal or desirable for the mairnmalian species, or an individual within the species, in 

question. Disorders anociated with norepinephrine dysAinction’inImammals include, for 

example, nervous system conditions selected from the group consisting of an addictive 

15 disorder and withdrawal syndrome, an adjustment disorder (including depressed mood, 

sturbance of conduct, and mixed anxiety? mixed anxiety and depressed mood, dis 

disturbance of conduct and mood), an age-associated learning and mental disorder 

(including Alzheimee s disease), alcohol addiction, allergies (in particular allergic 

rhinitis), anorexia. nervosa, apathy, asthm a, an attention-deficit &order (ADD) due to 

20 general medical conditions, attention-deficit hyperactivity disorder (ADHD) including the 

predominantly inattentive type of ADHD and the predominantly hyperactive-impulsive 

type of ADHD (and optionally by way of combiation th v with one or more emp 

stimulants such as methylphenidate, amphetamine and dextroamphetamine), bipolar 

disorder, bulimia nervosa, chronic fatigue syndrome, chronic or acute stress, cognitive 

25 disorders (discussed in more detail below but including delusions, dementia.s. aninestic 
I disorders, mild cognitive impairment (MCI), cognitive impairment associated with 

schizophrenia (CIAS) and cognitive disorders not otherwise specified), communication 

disorders (including stuttering, expressive language disorder, mixed receptive-expressive 

language disorder, phonological disorder and communication disorder not otherwise 

30 specified), conduct disorder, cyclothymic disorder, dementia of the Alzheimers type 

(DAT), depression (including adolescent depression and nuinor depression), dysthyjWc 
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disor?er, emotional dWegulation (including emotional dysregulation associated with 

ADO, borderline personality disorder, bipolar disorder, schizophrenia, schizoaffective 

disorder and intermittent.explosive disorder), fibromyalgia and other somatoform, 

disorders (including somatization disorder, conversion disorder, pain disorder, 

5 hypociiondriasis, body dysmorpble disorder, unchfterentiated, somatoform. disorder, and 

som4form 
disorder NOS), generalized anxiety disorder, hot flashes or vasomotor 

sympt6nis, hypotensive states including orthost4tic hypotension, impulse control 

disuLUT.JLD kjUwudmg intermittent explosive disorder, kleptomania, pyromania, 

pathol?gical gambling, trichotillomania and impulse-control disorder not otherwise 

10 specifi6d), incontinence (i.e. bedwetting, stress incontinence, genuine stress 

incon*ence, and mixed incontinence), ? an inhalation (ftiorder, an intoxication disorder, 

learning disabilities (including developmental speech and language disorders (such as 
I developmental articulation disorder, developmental expressive language disorder and 

deve receptive language disorder), learning disorders (such as reading disorder, 

15 math"atics disorder, disorder of written expression and.learning disorder not otherwise 

specifio) and motor skills disorders (such as developmental’coordination disorder)), 

mania, Inigraine headaches, neuropathic pain, nicotine addiction, obesity (i.e., reducing 

the weight of obese or overweight patients), obsessive compulsive disorders and related 

Sper-4 disorders, oppositional defiant disorder, pain including chronic pain, 

20 ncuropapiic pain and antinociceptive pain, panic disorder, Parkinson’s disease (in 

partiew4r to improve dysidnesia, oscilations, balance, coordination, depression, and 

motiv?on), peripheral neuropathy, personality change due to a general medical condition 

(includ?g labile type. disinhibited t37e, aggressive type. apathetic type, paranoid type, 

combin type and unspecified type), pervasive developmental disorders (including 

25 autistic disorder, Asperger’s disorder, Rett’s disorder, childhood disintegrative disorder, 

and perJasive developmental disorder not otherwise specified). post-traumatic stress. 

disorderl premenstrual dysphoric disorder (i.e., premenstrual syndrome and late luteal 

phase dysphoric disorder), psoriasis, psychoactive substance use disorders, a.psychotic. 

disorder (including schizophrenia, schizoaffective and schizophreniform. disorders), 

30. seasonal ’affective disorder, a sleep disorder (such as narcolepsy and enuresis), social 

phobia (i?cluding social anxiety disorder), a specific developmental disorder, selective 





k, 

10 

15 

20 

0 i 
-25 

go 

V 
WO 200047272 PCT[US2004/032771 

-22-

Spec4ed (if the etiology is indetmminate). As disclosedby Wise et al. ((2002) Delifluni 

(Confoonal States), In Wise and Rundell, Eds., The American Psychidoic Publishing 

Twab?ok of Consuftation-Liaison Psychiatry, Psychiatry in the Medically R1, Second 

Editio#, American Psychiatric Pubhsbing, Inc., Washington, D.C., Chapter 15, pp. 257-

272, TPle 154), exemplary etiological bases of delirium include, but me not limited to., 

infectitn, withdrawal from alcohol and druA acute metabolic conditions, trauma of 

vanouq types, CNS pathologies, hypoxia, vitamin deficiencies, endocripopathies, acute 

vasculAr conditions, toxins or drugs, and heavy metals. 

A dem6ntia is a chronic condition, usually with a more gradual deterioration of memory 

and ot4er intellectual fimetioning and other cognitive skills severe enough to interfere 

with h T’ ability to perform activities of daily living. Although dementia may occur at any 

age, it O!imarily affects the elderly, presenting in more than 15% of persons over 65 years 

of age ind in as many as 40% of persons over 80 years old. Dementia due to Alzheimer’s 

disease’s particularly common. Non-Alzheimees cognitive impairments and/or 

d=ent?as include, for example, those caused by or associated with: vascular diseases. 

Parkinson!s disease; Lewy body disease (diff-use, Lewy body disease); IRWAIDS; mild 

cogniti?e impairments; mild neurocognitive disorders; age-associated memory 

impairr?ents; neurologic and/or psychiatric conditions including epilepsy and epilepsy 

treatme4ts; br . ain tumors, cysts, lesions, or other inflammatory brain diseases; multiple 

sclerosi?; Down’s syndrome; Rett’s syndrome, progressive supranuclear palsy; frontal 

lobe de?entia syndromes; schizophrenia and related psychiatric disorders; autipsychotic 

medications; traumatic brain injury (closed head injury), dementia pugilistica, and other 

head tra?mas; nonnal-pressure hydrocephalus; surgery (including coronary artery by-Pass 

graft surocry) and anaesthesia, electroconvulsive shock therapy, and cancerand cancer 

therapie?. 

The dcm?nfias are also listed in the "Dementie section of the DSM-IV-TRTm according 

to presm*ed etiology- Dementia ofthe Alzheimees Type, Vascular Dementia, Dementia 

Due to Other General Medical Conditions (e.g., human immunodeficiency virus (Inv] 

disease, ?ead trauma, Parkinsoes disease, HuntingtoWs disease), Substance-Induced 
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Persisting Dem entia (i.e., due to a drug of abuse, a medication, or toxin exposure), 

Dementia Due to Multiple Etiologies, or Dementia Not Otherwise Specified (if the 

etiology is indeterminate). As disclosed by Gray and Cummings ((2002) Dementia, In 

Wise and Rundell, Eds., Ike American Psychiatric Publishbig Twbook of Consultation-

5 Liaison Psychiatry, Psychiaby in the Medically 111, Second Edition, American Psychiatric 

Publishing, Inc., Washington, D.C., Chapter 16, pp. 273-306, Table 16-1), exemplary 

etiological bases of principal dementia syndrome$ include, but are not limited to, 

degenerative disorders (cortical and subcortical), vascular disorders, myelinoclastic 

disorders, traumatic conditions, neoplastic disorders, hydrocephalic disorders,, 

10 inflammatory conditions, infections, toxic conditions, metabolic disorders, and 

psychiatric disorders. 

An amnestic disorder is charac terized by memory impairment in theabsence of other 

significant accompanying cognitive impairments. The disorders in the "Amnestic 

15 Disorders" section of the DSM-IV-TRTw are also listed according to presumed etiology: 

Amnestic Disorder Due to a.General Medical Condition, Substance-Induced Persisting 

Aninestic Disorder? or Aninestic Disorder Not Othm-wise Specified. 

Cognitive Disorder Not Otherwise Specified in the DSM-IV-TPTm covers presentations 

20 that are characterized by cognitive dysfunction presumed to be due to either a general 

medical condition or substance use that do not meetc,riteria for any of the disorders listed 

elsewhere in the section of the DSM-IV-TRTw entitled "Delirium, Dementia, and 

Amnestic and Other Cognitive Disorders." 

25 Dementia, amnestic disorders, and cognitive disorders NOS occur in patients with a wide, 

variety of other disorders including, but not limited to, Huntington!s disease (chorea); 

Picles disease; spinocerebellar ataxias (types 1-11); corticobasalganglionic degeneration; 

neuroacanthodytosis; dentatombropalhdoluysian atropy (DRPLA); systemic 113pus 

erythematosus; heavy metal intoxication; alcoholic dementia (Wernicke’s 

30 encephalopathy); fetal alcohol syndrome; single- or multiples strokes. including small 

vessels (Binswanger’s dementia: subcortical arteriosclerotic encephalopathy) and large 
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Airmestic Disorder Not Otherwise Specified 2914.8 

Cognitive,Disorder Not Otherwise Specified 294.9 

Age-Related Cognitive Decline 780.9 

Examples of Cognitive disorders dueto various etiologies, or associated with various 

disorders, of particular interest that can be prevented or treated using the compounds of 

10 the present invention include. enhancing cognitive functions and executive functioning 

(ability to plan, mitiate, organize, carry out; monitor, and comet one’s own behavior) in 

normal subjects or in subjects exhibiting cognitive dysfunction; treatment of cognitive 

and attentional deficits associated with prenatal exposure to substances of abuse 

including, but not limited to, nicotine, alcohol, metharapheternine. cocame, and heroin; 
15 treatment of cognitive impairment caused by chronic alcohol and drug abuse (substance-

induced persisting dementia), medicament side effects, and treatment of drug craving and 

withdrawal; treatment of cognitive deficits in Down’s Syndrome patients; treatment of 

deficits in normal memory functioning comorbid with major depressive ’and bipolar 

disorders; treatment of cognitive impairment associated with depression, mental 

20 retardation, bipolar disorder, or schizophrenia; treatment of dementia syndromes 

associated with mania, conversion disorder, and malingering; treatment of problems of 

attention, prefrontal executive function, or memory due to head trauma or stroke; 
treatment of cognitive dysfunction in menopausal and post-menopausal women and in 

women undergoing hormone replacement therapy; treatment of cognitive deficits and 

25 fatigue due to, or associated with, cancer and cancer therapies (cognitive deficits are 

associated with a variety of cancer treabnents, including cranial radiation, conventional 

(standard-dose) chemotherapy, high-dose chemotherapy and hernatopoietic (bone-

marrow) transplantation, and biologic agents). 

30 Compounds of the present invention are also useful in- a method for treating a patient 

suffering from or susceptible to psychosis, comprising administering to said patient an. 
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donepezil (AriceptS), rivastigmine (Exelon(b), galauUmine (Rewinyl(P), and tacrine-
(Cognexe); the selective monoamine oxidase inhibitor selegiline (Eldepryl(ft and 
xnemantine, (Namenda Tm), a newly FDA-approved NMDA receptor antagonist for the 
treatment of moderate to severe Alzbeimces disme. Modafinil, (Ilrovigil@) is also used 

5 in the treatment of Alzheimee s disease. 

Ihe present invention also encompasses the use of one or more compounds of formula (1) 
in combination with one or more conventional Parkinson’s agents for the treatment of 
cognitive dysfunction in Parkinson’s disease. Ihe invention also provides a 

10 phannaceutical composition which comprises-a first component that is a conventional 
Parkinson’s agent and a second component that is a compound of formula (1). 

Conventional Parkinson’s agents include levodopa; levodopa/carbidopa (Sinemetft 
Stalevo (carbidopa/levodopa/entacapone); dopmme agonist!4 c-g., bromocriptine; 
MhVex@ (pramipexole), Permax@ (pergolide), and Requip@ (ropinirole); COMT 

.15 inbibitors, e.g., tolcapone, and entacapone-, Selegiline (DeprenylV,; EldepryIS); 
propranolol; pximidone, anticholinergics, eg., CogentinO. Artance, Akinetong, 
Disipal@, and KemadrinID; and mnantadine. 

In each of the combination treatments mentioned above, said first and second components 

20 may be administered simultaneously, separately or-sequenti4y. Similarly, said 
compositions encompass combined preparations for simultaneous, separate or’sequential 
use. 

The term 11reatmenty’ as used herein refers to both curative and prophylactic treatment of 
25 ’ disorders associated with norepinephrine dysfimetion. Thus, the term "treatment" is 

intended to refer to all processes wherein there may be a slowing, interrupting, arresting, 
controlling, or stopping of the progression of the disorders described herein, but does not 
necessarily indicate a total eliminalion,of all symptoms,, and is intended to include. 
prophylactic and therapeutic treatment of such disorders. 

30 
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FurthtT information on suitable deprotection metbods is contaiued in the well known text 
4VFro tive Groups in Organic Synthesis" referenced above. 

Thus, another embodiment of the present invention there is pmvided a process for the 

5 pM -on of compounds offormula Mtomprising the step of deprotecting a compound 

of the iformula, QaV) 

Rx Ar, 

Rz x 

FIZ 
RZ 

N, Rz-
Rz Rz 

P 

(xM 

whereiTt P represeaft a N-protecting group and all other variables are as defined for 

forM4 (1) above, to provide a compound of formula (1), optionally followed by the step 

of forr6ing a pharmaceutically acceptable salt. 

ExaMP)CS of compounds of the present invention may be prepared by conventional 

organW chemistry techniques from N-benzyl-morpholine-2-carbox c add ethyl ester I A 

15 or N-benzyknorpholinono as outlined in Scheum 1-4. 

0 

3 to to, r? MW 02 

Scheme I 

Conver4ion of I into Weimeb amide 2 foWwed. by treatruent with a suitable Grignard 

reagent ?eads to ketones of formula (XM) wherein P is benzyl as listed in Table 1. 

20 
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CompouncM 

(Ketone) 
methyl 3 

ethyl 4 

Isopropyl 5 

isobutyl 6 

cyclopentyl 7 
tatrehydropyranyl 8 

3,3,3-trffluoropropyl 9 

4,44-bifluorobutYl 10 

cyclopropy, 77?’ 
n-butyl 82. 

Table I 

Cyclopropyl-substituted. ketone 77 may alternatively be obtained from N-bWzYl 

morpholinone as outlined in Scheme 2. 

H 
0 0 

( 
. ? (0’-?"V ---. C 
NIO N 0’ 

Ph Ph-’ Ph Ph 

75 76 77 

5 Scheme 2 

Treatment of the N-benzyl-morpholinone with a strong base such as lithium 

diisopropylamide followed by addition of cyclopropyl methylaldehyde gives 75. 

Reduction of 75 with, for example, borane-THF complex gives 76. Addition of-a solution 

of 76.to a pre-mixed solution of diinethylsalfoxide and oxalyl chloride provides 77... 

10 

Reaction of ketones listed in Table I with,? a suitably substituted benzyl Chignard reagent 

gives N-bcnzyl substituted tertiary alcohols listed in Table 2 (wherein R2, R5 and R6 are 

H unless otherwise indicated) as outlined in Scheme 3. 
R2 

H. 

RI 0 
(Y - ------ 

N 
?RI RO’ RO 

Ph Pb 
N-beMI subsfiftftd twfty ak-chols 

15 Scheme 3 
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can be obtained in enantiomerically The, c?mpounds of Examples I to 32 and 35 to 38 

pure ?01? via this route using chirally pure ester 1. Resolution of I into its enantiomers 

can 1? achieved through chiral BPLC. Conversion of the est er tothe Weinreb amide does 

not dioturb the chiral center thus providing chirally pure amide 2. Conversion of the 

5 We 
amide to the ketone also does not disturb the chiral center thus providing chirally 

pure ?etones 3 to 10, 77 and 82. Alternatively, chiral separation may conducted on the. 

21brough chiral BPLC to provide its enantiomers. Alternatively? chiral separation 

may conducted on the ketones 3 to 10, 77 and 82 through chiral BPLC to provide their 

enanti6mers. Chiral separation. of the ester, amide or ketones may also be achieved by 

.10 other *hniques; known to those skilled in the art, such as fmcdonal crystaftation Of 

diasteiomer?c salts formed with chiral acids. Addition of the benzyl Grigrtard reagent 

(Scheoe 3) is a stereoselective process and gives predominantly one diastereomer with 

only sinall amounts of.the second diastereomer. No ephaefisation is observed during 

removal of the benzyl group. Alter-natively, etuintiomerically-pure products are obtained 

15 through conversion toan N-proteded analogue such as butyloxycarbonyl or 

carbo?eazyloxy followed by separation by chiral BPLC.. Removal of the N-protecting 

group ieads to enantionierically highly enriched products. 

In the ?xperimental procedures described below. the following abbreviations are used: 

20 IPLC= high performance liquid chromatography 

TBF =Itetrahydrofuran, 

2-McT HF Š 2-methyltetrahydrofuran 

DIBALH diisobutyl aluminiurn hydride 

DCM dichloromethane 

25 MA? ((T FJA-MS) f%q-iOniSatiOn-WWYsIs mass spectrometry 

LCMS 1= liquid chromatography mass spectroscopy 

NMR nuclear magnetic resonance 
MW=1 polecular weight 

MeOH’= methanol 

30 EtOAc lor AcOEt Š ethyl. acetate 

PS-D%A polymer-supported diisopropylethylamine 
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ML) and then the mixture is allowed to warm to room temperature. The organic layer is 

then concentrated under reduced pressure at 400C. Then, the mixture is diluted with 

toluene (100 mL) and wdracted with 6N HClaq (162 mL). This aqueous layer is heated up 

to the refkm for Ih3O, then the mixture is allowed to stir at room temperature overnight. 

5 After crystallization of 91, the solid is filtered, rinsed with 6N HClaq (40 mL) and dried 

under reduce pressure at 400C (19 g, yield = 61 

N-benzyl-2-(.vnorplioUn-4-carbonyl)-iisorpitoUne hydrochloride (92) 

Ha 

A 250 mL reactor under N2 is successively loaded with 91 (5, g, 19.41 mmol), 
10 dichloroethane (50 mL), DW (0.014 mL, 1"/o mol) and oxalyl chloride (1.86 rnI., 21.35, 

mmol). The mixture is heated up to 60-65*C for 2h, before being cooled to OIC. Then, 

morpholine (6.93 g, 79.60 mmol) in dichloroethane (20 mL) is added over 15 min 

-keeping the temperature below I OPC. The heterogeneous solution is post-agitated for 
100min.at room temperature and quenched with water (30 mL). The biphasic mixture is 

15 filtered on a Hyflo Super CeI@ (I O.g), then after separation, the organic layer is 

concentrated under reduce pressure. The mixture is taken up with isopropanol (80 mL) 

and 12N HClaq (1.61 mL, 19.41 minol), stirred for I Omin and concentrated under reduce 

pressure. The mixture is taken up with isopropanol (13 mL), heated to reflux. until a 
homogeneous solution is formed, then it is cooled to room temperature. The precipitate is 

20 filtered, rinsed with isopropanol (10 mL) and dried under vacuum at 40*C overnight to 

obtain 92 as an off-white powder with 79 % overall yield. 

4-Denzyl.ittorphoUite-2-carboxylic acid ethyl ester (1) 

0 

N 

A stirred solution of 4-benzyl-morpholine-2-carbonitrile (113.0 g, 0.56 mot). in ethanol 

25 (1030 mL) is treated with concentrated sulpliuric acid (16S niL) added in portions. 

(exothermic, internal temperature rises from ambient to 65 *Q. The mixture is then 





0 

0 

To a stirred suspension ofNN-dimethy1hydroxylamine (6.6 g, 67.6 mmol) in anhydrous 

DCM (200 mL) under nitrogen at O*C is added dropwise a solution of 

trimethylaluminium (2M solution in hexane, 34 ml, 67.6 mmol) over 30 minutes...’Me 

reaction mixture is allowed to warm up to room temperature and left sfirring for I hour. A 

5 solution of the eater 1 (6.74 g, 27 mmol) in anhydrous DCM (100 mL) is then added 

dropwise over 30 minutes and the reaction niixture is left stirring overnight before 

quenching by cautious addition of phosphate buffer (disodium hydrogen phosphate, pH 8) 

solution. The precipitate is removed by filtration through a celite pad and the residue 

washed with chloroform. The organic phase is then concentrated in vacuo and washed 

10 withmater. The aqueous layer is re-extracted with chloroform and the organic phases are 

combined, washed with brine, dried over magnesium sulphate and the solvent evaporated 

in vacuo to give 2 as a yellow oU. Alternatively,’the reaction could be,worked up as 

follows- upon addition of a solution of the ester I (I eq) the reaction mixture is left 

stirring for I hour before quenching by addition of phosphate buffer (disodium hydrogen 

15 phosphate, pH 8) solution, followed by addition of wat6r. The aqueous’layer is re-

’extracted with DCM and the organic phases are combined, dried over magnesium 

sulphate and the DCM evaporated in vacuo to give 2 as a yellow oil (3.36 g, 47 0/6). MW 

264.33; C14%oN203; ’H NMR (CDC13): 7.47-7.22 (5H, m), 4.55 (IK d, 1.5 Hz), 4.00 

(IK dd, 11. 5 Hz,.1.7 Hz), 3.75 (II-L dt, 11.5 Hz, 2.2 Hz), 3.65 (3a s), 3.56 (2K m), 3.17 

20 (3K s), 2.93 (IK d, 11.3 Hz), 2.68 (IH, d, 11.3 Hz), 2.30 (2K 11.3 Hz); LCMS: (6 min 

method) m/z 265 [M+Ifl+o RT 0.65 min. 

4-BenVknvrpIjaUne-2-carhoxyUc acid wethw?yndhy&avzide (2h) 

Compound 2 may be separated into its enantiomers by chiral HPLC under the following 

25 conditions: Daicel Chiralpak OJ 20pm; 25cm; n-hep tane/isopropanol 80:20 Y:v; 0.4 

mUmin; detection at 220 rim. The desied enantiomer 2b is the peak eluting at (RT 

??? .9 min). Alternatively, compound A may be synthesized substantially as described 

above for compound 2 using compound Ib in place of compound 1. 
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mixture is stirred and heated up to 64-66*C. After initiation, the remaining 4-

chlorotetrahydropyran (233.22 mL, 2127 mmol) diluted in TBF (890 mL) is slowly added 

over 135 wins. The mixture is heated up for 30 additional minutes before. being cooled to 

O*C. Then, the Weinreb amide 2b (370 g, 1400 mmol) diluted in TBF (2777 mL) is added 

5 over 180 mins; between 04PC and the mixture is stiffed for a fin*er 60 mins. Iben, acetic 

acid (48 mL, 0.83 mmol) is added to the mixture followed by a 55145. v/v: saturated, 
NI-LCVH20 mixture (2590 mL) keeping the temperature below 90C. The organic layer is 
washed with a 60140: v/v: saturated N94CVH70 mixture (500 ML) and, after separation, 
toluene (1800 mL) and water (1800 mL) is added to the organic solution. Then after 

10 extraction, water (1100 mL) is added to the toluene mixture which is basified with 3.68 M 

Na7CO3aq (148 mL). The organic layer is dried over MgSO4, filtered and concentrated 

under reduced pressure to dryness to yield compound 8b as the fim base (400.8 g,,98.6% 

yield). 
Alternatively compound 8b may be prepared as Wows: 

15 R+)-Mandelic acid (1 .65 g, 10.8 mmol) is added to a solution of 8 (3.15 g, 10.8mmol) in 
isopropanol (20 rnL). After 2 min of post-agitation, an homogenous solution is obtained 

at room temperature. Crystallization begins after 5 min of7post-agitation to form an easily 

stizable suspension. This suspension is post-stirred for 21 hours at -room temperature. The 

solid is filtered and washed with isopropariol (2 mL). The white crystals are dried under 

20, vacuum at 400C over 5, hours to give 1.8g of 8b R-mandelate with 37.5% yield and 99.2% 
ee. 0.5N ofK2CO3 (2.4 mL, 1.2 mmol) is added dropwise to a stirred suspension, of 8b R-
mandelate (500 mg, 1. 13 mmol) in toluene (5 mL). A biphasic solution is obtained. The 

ardic layer, which is separated’, concentrated on a free base 8b is entirely present in the org 
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L3,31, uoropropyl magnesium bromide is obtained from commercially available 

(Aldri 3,3,3-ftffluoropropyl bromide’following General Procedure 3. Purificad0aby. 

ion ex+Me chromatography gives 9 as an oil (1.24 g, 78.7%). ISAW 30 1.3 1; 

CI5HtsV3NO2;’LCMS (6 minute method): m/z.302.4 [M+41+, RT 2-66min-

5 5.5,J;?,*fluore-144-(pitenylm4lsyl)morphoUn-2-YI]Pontait’!.]-Olse (10) 

CF. 
CO? 

C 1) anh ous ompo4d 0 is prepared from a solution’of 2 (0.711 g, 2.71 mmo in ydr 

taft-ahyctrufuran (20 mL) and 4,4,44tifluorobutyl magnesium*bromide (O.SM solution in 

diethyl pther, 6.5 mLj 3.25 mmoL, 1.2eq). 4,4,4-Trifluorobu?l magaesium. bromide is 

.10 ob" frova commercially available (Aldrich) 4,4,4--tifluordbutyl bromide following 

General Procedure 5. After 30 minutesanother 0.3 eq of 4,4,4-trinuorobutyl magnesium 

bromidq are.added (0.5M solution in,diethyl ether, 2.5 mL). After-stiffing for 2 hours the 

solven? are removed in vactio and watm 0 mL) and effiyl acetate (30 mL) are added to 

the residue. The Organic pbase is washed with brine, dried oVer magnesium. sulphate and 

15 the solv?nt is removed in vacuo to give 16 as clear oil (0.985 S). 10 is taken onto the ue& 

step ut fitrther purification. MW 315.34-P C1 6H7oNO2F3; LCMS: (6 min taetho4) m/z 
wito 

316 RT 2.9min. 

10 
LN 10 

20. A soluti4i of N-berjzyI-X-(2-hydroxyethy1) chloroacetamide (627.7 g, 2.76 mol) in tert 

butartol (0.9 L) is stirred under nitrogen while warming to 25-301C. Massium.tert-

.(2.897 Lofa IMsolutionin tert-but=4 2.90mol,:1.05 e4is added ov’er.2, 

hours.. ?e reaction mixture is then stirred at ro.orn,temperaturebor 90 minutes.? lee-cold’ 

water (6,L) is added and the resultant cloudy solution extracted with ethyl acetate.. The 

:25 coxnbinO organic layers are washed with brine,, dried over magnesium sWphate and 

evapor4cd in vacuo to give a light brown oil (441 g, 84%o); wWch is. used in the next 
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stage without furtlier purification; MW 191.23; C, 1HI3N%; ’H NMR (CDC13): 7.29-7.40 
(5H, in), 4.67 (2K s), 4.28 (2A s), 3.87 (2H, 4 5 Hz), 3.31 (2H, t 5 Hz);, LCMS: (12 min. 

method) m/z 192 [M+H]+ R* -r 1.00 min. 

4-Benql.2-(cyclopropyt-hydroxy-inetlzyl)-morpliollit-3-one (75) 

02-V 

To a solution of 4-benzyl-morphofin-3-one (9.5 g, 50 mmol) in THF (200 mL) is added 
lithium dfisopropylamide (2M solution in TIM, 27 mL, 54 mmol, 1. 1 eq dropwise over 
20 minutes at -7811C followed by slow addition of cyclopropyl racthylaldehyde (3.85 mL, 

55 mmol, 1.1 eq). After stirring at -780C for one hour the reaction mixture is allowed to 

.10 warm to room temperature and stirred for another 6 hours. The reaction is quenched by 

addition of EtOAc and brine. The aqueous layer is extracted with ROAc, the combined 

organic layers are dried over magnesium sulphate and reduced in vacuo. Puri’fication 

using automated column chromatography (DCM/MeOH, 100/0 to 85/15 [v/v]) gives 75 in 
70% purity with 4-benzyl-morpholin-3-one as the major impurity. This ’product is directly 

15 used in the uext step. I\M 261.32; CI5HI9NO3; LCM (6 min method),m/z.261.32 
[M+H]+, RT 2.23 
(4-BenVI-morphotiii-2-yl)-cyclopropyl-inditailot (76) 

OH 

Dorane-TBF. complex (I M solution in THF, 30 mL, 30 mmol, 4.1 eq) is added slowly to a 

20 solution of 75 (1.9 S, 7.3 mmol) in THF (100 xaL). The reaction isheated to 60T. After 

.24 hours MeOH and hydrochloric acid (2M, excess) are added and the resulting mixture 

heated for one hour at the some temperature. After careful addition of saturated NaHCO3 

solution and BtOAc the aqueous layer is extracted with,BOAc. The combined organic 

layers are wasbed with brine, dried. over magnesium sulphate and the solvent is removed 

25 in -vacuo. Purification by ion exchange chromatography gives 76 (1.1 g, 61 Vo). MW 

247.34; CI.5H21NO2; LCMS (6 min method),mlz 248 [M+H]+, RT 2.48 min. 



WO 20*41272 PCTIU$2004/032771 

-60-

IQyOqOrppyIj4 phenyimohyl)morphofin 2 lindhanvise (77), 

A sol4tion of dimethylsalphoxido (0.69 mL, 9.7 mmol, 2.2 eq) in DCM (4.5 mL) is 

glowl? added,to a solution ofoxalyl cWbride (2A3 inL, 4.8 5 mmoL 1. 1 eq) in DCM (2.5 

3 mL) f4llowed by,a solution of76 (1.09 4.41 mmol) in DCM (0.7 mL) under nitrogen at 

Š6 14 mL, 22.1 mmol, 5 eq) is added 

L and 9*Ting continues. for 15 Minutes. After addition of water, the layers are separatec 

The washedwit P.M. The combined organic layers are washed with 

brina, dried over magnesium sulphato and tho solvent is,romoved in vacuo. Purification 

?10 using 16onlated"Column chromatogrVhy (WAcIn-hexane, 20/80 to Š50/50 LYN)) 8.1ves 

77 as. 4 yellow oil (0.69 g’ 64010).- - MW 245.32; CjsHjqNO?; LCMS (6 min method) m/z 

246.3 twf?+,’ RT 1.05 MiZL 

1 4 A*VI pholin yl),penkm -mar .2. -1-ond (82) 

-2 is prepared from 2 (0.87 g, .2 a -15. Compqmd 8 8,nmipl) in:.?nhydrous tetmh?*ofium (30 

rnL) a4d,commercially available- (Aldrich) A-WA wapaivm bromide (2M solution in 

THF* m;nol, 2.5 mLO 1.5 eq) following General’Procedure 1. After stirring for 1 hour 

ftuther Mapes,= bromi4e, (2M solution in UP, 1’.6 minol, 0.8 mL) is added 

and continued for 30 minutes. The reaction is quendbed by addition of am onium 
S"g 

20 cW6446 solution (30 mL) followed by NOAc. The organic phases are’Combined, dried 

over_??p .10hat, arid the tolVent is removed in Vacuo to give 82 (0.82 g, 96%). 

UW, 6 1 7;’Ci AM2; -L C? (6 fr Lffiu te m’eth6d):n mlz 262.4 [M+M 
+ 
RT 2.34 
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ExMple-3: PWargidou of 7-morpholin-2-VI-I-I&LCtriflloromethyl)oxyl,. 

phen yjIbMtan,-_2-oI hydrochloride M. 

2-[4-(Piseitylniedtyl)morpliolin-2-yll-l-(2-[tnfltiorometlsyl)oxylpheiiyljbittan-2-oI (15) 

0 

CH 
0 

N 

5 

Compound 15 is obtained from 4 (1.1 g, 4.71 mmol) and commercially available 

(Fluorochem) 2-trifluoromethoxybenzyl magnesium bromide (10.4 mL 

1, 5.19 mmo-1, 1.1eq) in anhydrous THF (31 mL) following General Procedure 2. After 30. 

minutes Rather equivalents of 2-trifluoromethoxy benzyl magnesium bromide are added 

10 (0.5M solution in diethyl ether, 4.71 ml, 2.36 mmol). Purification by ion exchange 

cbromatography gives 15 as an oil (1.88 g, 98%). MW 409.45; CnH26F3NO3; LCM (6 

method): m/z 4 10.4 [M+H) + , RT 3.28 min. 

2 -Mor -2- -1-(2-[(trifluorootdisyl)oxyjpltenj?ljbutan-2-olhydroettiodde(16) pkoUn yl 

F+ 
F 

0 

OH 
0 

CIH 

15 .16 is obtained hom 15 (1.88 g, 4.59 mmol), a.-rchloroethyl chloroformate (1.98 ML 

L, 1 SA mmol) and polymer-supported HUnig’s, base ( ’2.58 g, 9.18 mmol) in DCM (40 

mL) following General Procedure 3. Purification using ion exchange chromatography 

followed by automated column chromatography cluent, MeOHfDCM 0/100 to 20/80 

[v/v]) and conversion to the hydrochloride salt following General Procedure 4 gives 16 

20 (258.5 mg, 171%) as a white solid. MW 3119.33; C,5H2oF3NO3.HCl;I ’HNMR (CD30D) - 8 

7.53 (14 dd, 2 Hz, 7.5 Hz), 7.27-7.38 (3H, m), 4.20 (IH, dd, 3.5 Hz, 13 Hz), 3.85 (IH, 

td, 3 Hz, 13 Hz), 3.70 (IH, dd, 2 Hz, 11 Hz), 3.44 (111, d? 13 Hz), 3.27-3.34 (IH, M)p 

3.12-3.22 (2H, m), 3.07 (111, d, 14 Hz), 2.96 (II-L d, 14 Hz), 1.55 (IH,.sextet, 7.5 Hz), 
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solids (28% overall combined yield). MW 315.84; C16H2sNO3.HCI; ’H NMR (CD30D) 8 
7.22-7.34 (2H, m), 6.83-6.95 (2H, m), 4.08 (114, dd, 3.6 Hz, 12.8 Hz), 3.86-3.9 (4H, 

3.77 (IH, td, 2.45 Hz.. 12.4 Hz), 3.22-3.28 (IK m), 3.24 (IFL d, 12.8 Hz), 2.95-3.11 (4H, 

m), 1.83 (IH, septet, 6.8 Hz), 1.16 (31-L d, 7.0 Hz), 0.95 (3H, d, 7.0 Hz); LCMS (12.1 

5 minute method): m/i 280.2 [M-HCI+H]+v RT4.05 min. 

Example 7.- X j!aration of I-r2-ethy!oMIghenyll-3-methvl-2-Morph elk 2-I&_utan-
2-ol hLd_rochIoride.L%M 

1-[2-Etliyloxy)plteytylj-3-methyl-2-14-plienybnedtyl)inorpholin-2-ylbutan-2-oI (23) 
EtO 

10 
Compound 23 is obtained from 5 (1 .5 g, 6.06 mmol) and 2-ethoxybenzyl magnesium 
chloride (available from Rieke-Metals) (025M solution in THF, 34 mL, 8.49 mmol) in 

anhydrous TIM (30 mL) following General Procedure 2. After repeated purification by 

automated column chromatogmphy (leluent MeOI-V DCM 0/100 to 10190 (v/vl followed 

15 by EtOAc/DCM 0/100 to 50150 (v/v]) 23 is obtained as colourless oil (0.8 g, 35%). MW. 

383.54, C241133NO3; LCMS (6 minute method): mIz 384.4 [M+H]+, RT 3.04 min. 

.1-12-Etlij7loxy)plieiiyll-3-niethyl-2-niorplielin-2-ylbuian-2-ol,ljydreeklotide (24) 
Eto 

ON 
0 

CWI 

24 is obtained from 23 (766 mg, 2.0 mmol), a-chloroethyl chloroftmate (0.86 mL, 9.0 

20 mmol) and polymer-supported Hfinig’s base (1. 12 g, 4.0 mmol) in DCM (30 mL) 
following General Procedure 3. Purification using ion exchange chromatogrVhy 
followed by automated column chromatography (eluent, MeOH/ DCM 0/1 OQ to 20/80 

[v/v]) and chiral preparative chromato -HeptanattOMDEA, 95:5:0.2 gradient, graphy (n 
chiracel AD) gives the first eluting enantiomer (R-r 13.40 min) and the second cluting 

25 enantiomer (RT 15.63 min). After conversion to their respective hydroobloride.salts, 24a 
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room temperature. After an additional lh stirring, the 8b solution is slowly added to the 

over 140 mins at Š15*C. After a fiuther 30 mins, the quench is performed by 

addition of acetic acid (124mL) keeping the temperature belowŠM, then a 10/1 v/V 

water/acetic acid mixbm (2200 mL) Is added keeping the temperature’below I OIC. The 

5 organic layer is extracted at room temperature, Mtered to remove Mg turnings and left 

overnight. The organic layer is washed with water (500 mL), then basification is 

performed by addition of water (1600 mL) and NH3aq (311.8 M4, The organic layer is 

concentrated and i-propanol (2000 mL) is added. The azootrope toluenefi-propanol, is 

stripped off under reduced pressure, then i-propanol is removed. The brovvn-oranje Oil is 

10 dissolved in i-propanol (2380 mL) then 12N HClaq (138.6 mL) and water(,2380 inL) are 

added. The apolar impurities are removed with a cyclohexane wash (4760 mL). Then, the 

aqueous layer is basified with NH3aq and extracted with toluene (4 L). The organic layer 

js washed with water (500 mL), then the combined aqueous layers are extracted with, 

toluene (4 L) and then this new toluene solution is washed with water (500 tnL). The 

combined organic layers are concentrated under reduced pressure, then i-propanol (2 -L) is 

added and the solution is concentrated again to provide a crude oil of 51b (550 g, 91% 

yeild; 940/16’ cc) and 100 g of i-propanol. This. crude oil is diluted with TBF (2000 inL) and 

8.76M 1praq (153.9. mL) is added. This mixture. is allowed to stir overnight and a thin 

suspension is observed. The precipitate is filtered and washed with TFW (ISO mL) to give 

20 34 g of racemic 51 as the HBr salt. The mother liquors are concentrated then toluene 

(1500 m.L), water (500 mL) and NH3aq (103.58 m.L, 1.386 mol) are added. The organic 

layer is extr?cted and washed with water (250 mL). The combined. aqueous layers are 

extracted with toluene (DO mL). The combined organic layers are dried over MgSO4 and 

concentrated under reduced pressure, then i-propanol (2 L) is added and sixipped off 

.25 agam’. Then, the oil is dissolved in i-propanol (I L), 12N HCI (1213 mL) is added and the 

mixture. is. allowed to stir for 15 mins, then the solvent is partially stripped off to provide 

51b as the desired diastereoisomer (1021 g, 98A% cc) 
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Comp6 und 55 is prepared from 8 (0.56 g, 1 j94 mmol) and 2-phenyl benzyl magnesium 

bromide solution (0.25 M solution in diethyl ether, 9.31 mL, 2,33 mmol, 1.2 eq) 

follo*g General Procedure 2. 2-Phenylbenzyl magnesium bromide is prepared from 

commercially avaiRable (Aldrich) 2-phenylbenzy! bromide following Creneral Procedure 

5 S. Fur?her 2-phenyl benzyl magnesium bromide solution’ (I mL) is added and the rewtion 

left ur?der stirring ovemigbt. Purification by ion exchange chromatography gives 55 as an.. 

off-w?lte foam-like solid (0.37 g, 6911%). MW 457.62; C3oR3sNO,3; LCMS. (6 minute 

methoo): m/z 458 W+Ifl+, RT 3.58 win. 

2-[1,1 ?-Bipheityll-2-yl-.1-inorpheiiii-2-yl-]-teiraltydro-2H-py?an4-yletitaneI 

10 lsydro?hlvride (56) 

14 

-0 

The Oebase of 56 is obtained from 55 (0.588 &’1.28 mmol), solid supported Honig’s’ 

base (62’g) and d-chloroethyl chloro’formate (0.53 mL) n anhydrous DCM (20 mL) 

following General Procedure 3. Purification by ion exchange chromatogmphy gives the 

15 E=. balre of 56 as viscous oil (0.483 g), contaminated with a small amount of the N-

protec*d compound 55. The residue is treated with an excess of reagents (I eq), solid, 

suppor?ed Honig’s base (0.36 g).and a-ciiloroethyl dbloroformate (0.26 mL) in anhydrous 

DCM (20 mL) and methanol (20 mL) and purified by ion exchange’chromatography to 

give thb, free base’of 56 (0.432 g). Purification by preparative LCMS followed by 

20, conve#ion to its hydrochloride salt following General Procedure 4 gives 56 (0,290 g, 54 

M?r 403.95; C23%?NO3RCI; ’H NMR (CD30D): 8 7.45-17.59 (lK m), 7.10-7.35 

(SH, m), 3.85 (IH$1 dd, 13 Hz,’ 3.5 Hz), 3.75 (IH, dd, 11.5 11z, 3.5 Hz), 3.51-3.59 (311, M), 

2.8:3-3.112 Qlf, m), 2.64 (IR, t, 12 Hz), 1.36-1-52 (2R, m), 1.02-1.21 (21L m.), 0.90-0.94 

(1H, m); LCMS: (12 min method) rn/z 368 [M-14CI +H)+, RT 4.6 min. 

25 
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