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ANEXOS
Comprobante de pago de la tasa de presentacién de la solicitud.

Documento que acredita la existencia y representacidn legal cuande el solicitante sea persona
juridica.

Poderes, si fuere ¢l caso.
Documento de cesidn def inventor al solicitante o a su causante.
Declaraciones.

Copla de la solicitud internaclonal. (Resumen, descripcion, reivindicaciones, dibujos).
dibujos).

Preliminar (IPEA}.
Traduccidn del examen preliminar internacicnal efectuado por ia IPEA,
De ser el caso, copla del contrato de acceso.

De ser ef caso, documento que acredite la licencla o auytorizacién de uso de conocimientos
tradicionales de tas comunidades indigenas,

De ser el caso, certificado de depdsito del material biolég ico.

Arte final 12 x 12.

De ser el caso, im‘ormadén sobre otras solicitudes de patente o titulos obtenidos en el extraniero
solicitud,

De ser el caso, modificaciones efactuadas a la solicitud internaclonal.

Otros. Bdsqueda Internacional

Traduccion de la sdlicitud internacional al castellano. (Resumen, descripeidn, relvindicaciones, f

Copia del examen preliminar internacional efectuado por la Autoridad Internacicnal de Examen |

por el mismo titular o su causante, relacionadas parclal o totalmente con la invencion de esta |
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FIGURA CARACTERISTICA:

@ Solicito ta concesién de la patente, -

NOMBRE:_CARLQS R. OLARTE

‘ Instrucciones para el diligehciamtento del presente formulario, ver reverso de esta pagina.




LISTA DE INVENTORES PCT/US2004/032771

GORDON JAIN CAMPBELL
Kingsclere Road

Basingstoke, Hampshire RG21 2XA
Gran Bretafia

Nacionalidad: Britanico

MANUEL JAVIER CASES-THOMAS
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Basingstoke, Hampshire RG21 2XA
Gran Bretafia

Nacionalidad: Espafiol

TERESA MAN
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Gran Bretafia

Nacionalidad: Britanica

JOHN JOSEPH MASTERS
12047 Flint Stone Court
Fishers, Indiana 46038
Estados Unidos
Nacionalidad: Estounidense

HELENE CATHERINE EUGENIE RUDYK
Kingsclere Road

Basingstoke, Hampshire RG21 2XA

Gran Bretafia

Nacionalidad: Francesa

MAGNUS WILHELM WALTER
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Nacionalidad: Aleman
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Traduccidn- oficial: del Inglés por Marlén Neira Castro, resolucién 2117 del:
Ministerio de Justicia de Colombia )

APOSTILLA EN PODER DE REPRESENTACION DE :
ELI LILLY AND COMPANY ,
Bilinglie inglés~ espafiol otorgado en Indianapo1is, Indiana, Estados Unidos el 17.
de julio de 2003 y firmado por Peter G. Stringer, Director Ejecutivo y Patentes i

Intérnaciona]es de Ely Lilly & Company. -

Todd Rokita - Secretario de Estado
Secretario de Estado de Indina - Estado de Indiana ‘
APOSTILLA

(Convencién de la Haya del 5 de octubre de 1961)
1. Pais: Estados Unidos de América- Este documento Piblico
ha sido firmado por Catherine Michel

) 3. Quien 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 ‘ -
CERTIFICADO
5. En Ind1anapol1s, Indiana 6. E1:22 de julio de 2003 .

Por el Secretario de Estado de Ind1ana 8. No. A2003- 11279
Gran Sello del Estado de Indiana : 3
10. Firma 1eg1b1e de Todd Rokita~ Secretario de Estado de Indiana

* Vigente desde el 1 mayo de 2003, todas las apostxllas del Secretar1o de Estado

jana tienen el sello impreso eiectr6n1camente

gll
-

% ’@mse, Indianapolis, Indiana 46208, (317) 232-8531, fax (317) 233*3283 _ 1

F-1 " = |

> 'n' b3 . i

2z HE CERTIFICACION NOTARIAL ;

mZg =540 :

=4 Py = —'.E» . . . . i : |
Egg 8%]%@ le inglés~ espafiol, el 17 de julio de 2003 el suscrito notario Catherine |
2 525 m ' ;

%23 ,ﬂfbgéﬂ certifica que Peter G. Stringer, domiciliado en 7620 Castleton Farms, West v

. Q3 ;,‘ e m Y - ;

gt i, """'— £ |

Drive, Indianapolis, Indiana - 46256 Estados Unidos ejercia funciones de Director |

Ejecutivo y Patentes Internac1ona1es de Ely Lilly & Company, -con. sede en

Indianapolis, ‘Indiana, Estados Unidos. s ' \Qﬂlgik RQ
L S . v C

MARLEN NEIRA CASTRO |
froductor e Intérprete Oficial :
inglés - Espaiol - Inglés



El otorgante fundamenta sus certificaciones en este documento: Delegacidon de
Autoridad concerniente a Ciertas Materias de Patentes, suscrito el 20 de enero
de 2003: conforme al poder otorgado al Asesor General de la Compaiiia por el
Comité ejecutivo de 1a Junta Directiva de E11 Lilly and Compaﬁy.

Firma del notario publico Catherine Michel certifica

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

Sello de notario pidbiico de Indiana

Es traduccion fiel del inglés, con copia archivo para confrontacién. Bogota 28

de julio-2003. Marien Neira C

ol b
MARLEN NEIRA CASTRO ‘
Traductor e Intérprete Oficial

Inglés - Espafiol - Inglés

Resolucién No, 2117 del 7 Oct 1987 !

3 {11} ITNC FIHVLON

OUYYAYN VISIL,
_ ViBIN010D

PRS-V,

HYYLSNGD OD¥H OINTHD
OWa3}

SAIINC
215396 {(3) 2IND VIYVLON




OLARTERAISBECK

Oiante Rasaeck & FRIERY, LTDA.
LEaal & PROFESSIONAL SERVICES

WORLD TRADE CENTER ~ TORRE C
CaiLe 100 No. BA-55 P30 10
Bowota, COLOMBIA
TeLEPHONE: +57-1 638-5200
Fax: +b7-1 638-6201

www,olarteraisback.com

Power of Attorney Poder
The undersigned, El suscrito, ‘[
ELILILLY AND COMPANY
domiciled in domiciliado en

Lilly Corporate Center, Indianapolis, Indiana 46285 US
by means of these presents hereby grants to Carlos  por medio del presente otorga & Carlos R.

R. Olarte, J. Ian Raisbeck and Aua Olarte, J. Inn Raisbeck y Ana Maria
Maria Frieri full and sufficient Power of Frieri poder especial, amptio y suficiente para
Aftorney to file, prosecute, obtain, defend and presentar, tramitar, obtener, defender y hacer
enforce any and all of the company’s Patents, respetar todas y cualquiera de Patentes, Modelos
Utility Models and Industrial Designs in the de Utllidad y Disefios Industrisles dela -
. Republic of Colombia, to which end it empowers compaiife en la Repiiblica de Colombia, a cuyo
h them 1o take af} steps necessary before any efecto los feculta para dar todos log pasos

administrative or judicial authority of any class for necesarios ante cualquier autoridad administrativa
the objects stated, to file petitions, appeals, Teplics o judicial de cualquier jerarquia para cumplir con
and oppositions, pay taxes and annuities, reguest lo encomendado, elevar solicitudes, apslaciones,
testimonies, receive decuments and securities, respuestas y oposiciones, pagar impuestos y
abandon applications and collect refunds. Sufficlent  anualidades, solicitar testimonios, recibir

power is herehy granted to receive notifications on documentos y valores, desistir y percibir. Se
behalf of the Company, to confer powers on those concede poder bastante para recibir notificaciones

'J {11} BIHO WivION

who are to represent the company judicially and a nombre de la compatite, otorgar poderes a
extrajudicially, to answer in court in the matter of all  quicaes vayan a representac a la compefiia judicial
claims and demands that may be presented in ¥ exirgjudicialmenie, responder en juicio a todas
connection with the objests stated, giving them Ing reclamacionies o demandas que por motivo de
likewise power o substitute these presents and lo encomendedo se presentaren, dandoles
revoke such substitutions, asimismo facultad para sustituir ef presente y
revocar dichas sustitucioues.
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SECRETARY OF STATE
STATE OF INDIANA

Todd Rokita
Secretary of State
APOSTILLE

{Convention de 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 Josnson 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. Neo. A2003- 11279

10. Signature:

Indiana Secretary of State

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

The Statehouse, Indianapolis, Indiana 46204, {317) 232-6831, Fax {317) 233-3283



OLARTERAISBECK

OLARTE RAISpECK & FRIERI, LTDA. )
LEGAL & PROFESSIONAL SERVICES

WOoRLD TRADE CeNTER — TORRE C
CALLE 100 No. 8A-55 Piso 10
BogoTA, COLOMEIA
TELEPHONE: +57-1 638-6200
Fax +57-1 638-6201

www.olarteraisbeck.com

Notarial Certification

On this date,
/ '/ July 2003
The undersigned Notary Public certifies:

1. That

Certificacion Notarial
En esta fecha,

el Notario Piblico suscrito certifica:

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.

2. That the grantor has executed the foregoing
document as Executive Director, International
Patents

’ of ELILILLY AND COMPANY

3. That ELI LILLY AND COMPANY

having its principal place of business located in
Indianapolis, Indiana, United States of
America

is duly incorporated, is currently in existence, and
that the purposes for which the Power of Attomey is
granted are within the scope of its corporate
purposes.

4. That the grantor has the authority to exceute the
Power of Attorney and that his/her representation is
legal.

The foundation for my certifications contained in

R ints 2, 3 and 4 was the exhibition of the following
’ﬁf entic document(s):
Z legation of Authority Concerning Certain
= tent Matters, executed January 20, 2003;
> rsuant to the authority granted to the
5 Sencral Counsel of the Company by the
= ecutive Committee of the Board of
mEE s rectors of Eli Lilly and Company

1+

24 g TARY PUBLIC (Signature):

suscribié el documento que antecede.

2. Que ¢l otorgente ha suscrito el referido
documento en su cardcter de

de

4. Que
con sede principal ubicada en

estéd legalmente constituida, que tiene existencia
legal vigente y que los propdsitos para los cuales
se otorga el poder se encuentra dentro de los que
comprenden su objeto social,

4. Que ¢l otorganie tiene la representacion para
suscribir el poder, y que ésta es legitima,

5. El fundamento de mis certificaciones
contenidas en los puntos 2, 3 y 4 fue la exhibicion
de los (de!) signienie(s) dochmento(s) auténtico(s):

et g L)

Catherine Miche! ' 4
My Commission Expires Qclober 21, 2008
Resident of Johnson County
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{12) INTERNATIONAL APPLICAT[ON PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT )

(19) World Intelieciual Property
" Organization '
International Bureau

G

(43) International Publication Date

N ’9530
Y
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(10) International Publication Number -

26 May 2005 (26.05.2005) PCT WO 2005/047272 Al

 (51) International Patent Classification”s  CO7D> 265/30, - AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA,CH, CN,

- 413/06, AGIK 31/5375, 35377, AGIP 25022 . CR, CU, CZ, DE, DK, DM, DZ, EC, BE, EG, ES, FI,
: . GD, GE, GH, GM, HR, HU, ID, iL, IN, IS, JP, KB,

-y ] 1 ] + : -+ 2] 1 ] ] 1 il

| PCTIUS 2004032771 MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,

(22) International Fillng Date: 28 October 2004 (28.10.2004) PH, PL. PT, RO, RU, 8C, 8D, SE, 5G, 3K, 8L, 5Y, TI, T™,
: - ' ' ) ™, TR, TT, T2, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,

{25) Filing Language: English A oo . -
(26) Publicallon Language: English  (84) Designated States (unless otherwise indicated. for every

WO 2005/047272 A1 [l llllllllllllllll L lllllﬂllllllllllllllll."

{30} Priorily Data:
03261484
60!535,459

(71) Applicant (for alf designated States except US): ELI
LILLY AND COMPANY [US/US}; Lilly Corporate
Center, Indianapolis, IN 46285 (US).

(72) Inventors; and ’ :

(?5} Inventors/Applicants (for US only): CAMPBELL,
Gordon, lain [GB/GBY); Eli Lilly and Company Limited,
Kingsclere Road, Basingstoke, Hampshire RG21 6XA
(GB). CASES-THOMAS, Manuel, Javier [ES/GB}.
Eli Lilly and Company Limited, Kingsclere Road, Bas--

- ingstoke, Hampshire RG21 6XA (GB). MAN, Teresa
‘[GB/GB); El Lilly and Company Limited, Kingsclere
Road, Basingstoke, Hampshire RG21 6XA (GB). MAS-:
TERS, John, Joseph {US/US]; 12047 Flint Stone Cburt, _
Fishers, IN 46038 (US). RUDYK, Hdléne, Catherine,
Eugénle [FR/GB]: EN Lilly and Company Limited,
Kingsclere Road, Basingstoke, Hampshire RG2) BXA
(GB). WALTER, Magnus, Withelm [DE/GB]: Eli Lilly
apd Company Limited, Kingsclere Road, Basmgsloke
-Hampshire RG21 6XA (GB).

(74) Agenis: GAYLQ, Paul, 1. et al.; Eli Li]]y and Company,
P.O. Box 6288, Indianapolis. IN 46206-6288 (US).

10 November 2003 (10.11.2003)
9 January 2004 (09.01.2004)

GB
us -

(81) D_eslgnﬁled_ Stales (unless otherwise indicated, Jfor every

kind of national protection available): AB, AG, AL, AM,

. kind of regional protection available): ARIPO {BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 82, TZ, UG, ZM,
W0, Burasian (AM, AZ, BY, KG, KZ, MD, RU, T1, TM),
Buropean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, H,
FR, GB, GR, HU, IE, IT, LU, MC, NL, FL, PT, RO, SE, 81,
‘SK, TR), OAPI (BF, B), CF, CG, Cl CM, GA, GN, GQ
- GW, ML, MR, NE, SN, TD, TG)

Declamllons under Rule 4.17: -

— ax to applicant's entitlement 1o appfy for and be gramed
a patent {Rule 4.17{ ii)) for the following designations AE.
AG, AL, AM, AT, AU, AZ BA, BB, BG, BR, BW. BY, BZ,
CA, CH. CN. €0, GR. CU, CZ, DE, DK. DM, DZ, EC. EF,
EG, ES. F1, GB. GD. GE. GH. GM. HR. HU. ID, IL. IN, IS,
JP KE. KG. KP. KR Kz LC. LK, LR, LS, LT, LU, LV, MA,
MD. MG, MK. MN. MW, MX, MZ NA, Ni. NO. NZ. OM,

© PG, PH, PL. PT, RO, RU, SC, SD, SE, 5G, SK, SL, SY. T},
TM, TN, TR. TE. TZ UA, UG, UZ.'VC, VN, YU, ZA, ZM,
ZW, ARIPO patent {(BW, GH, GM. KE, LS, MW, MZ: NA,
SD. SL. 82, TZ. UG, ZM. ZW), Eurasian patent (AM. AZ.
BY. KG, KZ, MD, RU/, T). TM). European patent (AT, BE,
BG. CH. CY. CZ, DE, DK, EE. ES, FL FR. GB, GR, HU. IE,

IT LU, MC, NL, PL, PT, RO. SE, 51, SK. TR), OAP} patent
{BF. Bi CF, CG, CI. CM, GA, GN, G@, GW. ML. MR. NE,
SN, TD, TG) .
as to the applicant’s entidlement 10 claim the priority of the
eqrlier application (Rule 4, 17{ili}} for the following desig-
nations AE, AG, AL, AM. AT, AU, AZ, BA, BB, BG, BR. BW.
BY BZ. CA, CH, CN CO, CR, CU, CZ DE, DK, DM, DZ, -

{Continued on nexi page}

{54) Title: MORPHOLINE DERIVATTVES AS NOREPINEPHRINE REUPTAKE INHIBITORS

Ar,
X
R1

g @
NI

{57) Abstract: Compounds of theé gereral formula (I) are
‘inhibitors of the renplake of norepinephrine, As such, they
may be useful for the treatment of disorders of the central
and/or penpheral NEFVOus system

it
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2 MORPHOLINE DERIVATIVES S NOREPBWEPHRINE -

. e -r_:j'__' Selectl\re mhlbluonofnorepmephnne :_ ak S
" treatment of affective disorders. Nmepmepmmeappmwplaymmmmlemm e
dlsmrbmces of vegetatwe ﬁnwhon assoclated wn‘h aﬁ'ectwe, a_nmety and cOgmtwe | ELE
dlsorders Atomoxaune hydrochkmde isa selectzve mhibxtor of ﬁorepmephnne reuptake, SR
-- **aud is marketed for the treatment of attanuon deficit hyperactmty disorder (ADI-H)) L
e \Reboxetme :s also a selecnve norq:mephrme renptake mhibxm, and 1s mmketed for the
) treatment of depression. WO99/15177 discloses the uss of roboxetine to treat ADHD and
. -_r':. ;--woouoms dzsc!oses ﬂze use ofS s reboxetme to treai mter aluz ADHD o

S f.'?x':s OH, cz~c4_a1koxy,-
- RxisHorCl-Chalkyl;
'_.'_'_RyasHorm-culkyi SRS
T2 | eacth gmup xs mdependenﬂyHorCI-C4 alk‘yl, w:th theprowso thatnotmorethan 3
R Rz groups maybecn-m dof

e is 2 relatively new mode of aotion for the

NI-Ig or M{(CI-C4 ancyl),




wowdsmaTzTz -7 rcruswesesam

1

- RI 1s%Cl-C6 alkyl (optxonally subst:tuted w1th 1 2 or 3 halcgen atoms and/or Wlth 1 :

subsqment selected from C1 -C4 alkylthm (optlonally substltuted vnth 1, 20r3 ﬂuonne ' . SR

_ atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6

_ 'cwla@koxy, C1-C4 alkylsﬂfonyl, cyano, - CO-O(CI-C?. atkyl), -O—CO-(CTL-CZ alkylj I _

and hyd:oxy), C2-C6 alkenyl (optzonally substituted with 1, 2 or 3 ha!ogen atoms); C3- |
- C6 cyr,loalkyl (optionally substituted with 1 2 or 3 halogen ators and/or with 1

: subsn;uent selected from Cl -C4 alkoxy and hydroxy} wherein one C-Chond within the o |

) cycloshkyl moiety is opnonaily subsumted by an O-C, S-C or C=C bond; C4-C7.

3 cyclodlkyla]kyl (optmnally snbsﬁtuted w1th 1,2 013 ‘halogen aﬂoms and/or with 1

20

25

each of which is optionally substituted w1th 1,20r3 suhsntuents (dzpendmg upon the .

| B nmnbe% of available substitution posxtzons) each mdependently selected from CI-C4 alkyl:
mbsﬁtuted thh 1,2 or3 halogen atoms), C1-C4 a]kylﬁuo (opnonally substtmted thh 1, - o
2er3 lpalogen atoms), -CO-O(C1-C4 alkyl), cyano, - NRR, -CONRR, balo and hydroxy L
: - and/or ‘mth 1 substituent selected from pyndyl. thlophenyl phanyl, benzyl and phenoxy
' each of which is optionally ring-substituted with 1, 2 or 3 substituents each independently
selecteti from halogen, C1-C4 allcyl (optionally subst:tnted with 1, 2 or 3 halogen atoms), _

(optionally substlmted wnh 1,20r3 halogen atoms), C1-C4 alkoxy (opnonally

C1-C4 alkoxy (optwnally substitnted with 1,2 0r 3 halogen atoms), carboxy, mtro,
_hydroxy cyano, NRR, ~CONRR, SOzNRR aud SOzR, anﬁ '
“eachR 13 mdependently Hor C1-Cd alkyl; - '
or 2 pharmaccuncally acceptable salt tbereoﬁ
i

In the pmt specxﬁcahon the term “CI—C4a11cy * means a monovalent unsubsntuted

. sa.turateﬂi strmght—cham or branched-chain hydrocarbon tadical having from l o4 carbon

30

atoms. 'ﬂ‘hus the term “C1-C4 alkyl” mcludes, for example, methyl ethyl, n-propy],

:soprop}rl n-butyl, xsoburyl sec—-butyi and tert-butyl.
. b

[
o1
-
(
1

' substituent selected from C1-C4 alkoxy and hydroxy) wherem one C—C bond mthm the S
cycloMl moiety is optionally subshmteﬁ byan O-C, - C or C=C bond; or CHgAr?. and

. Arl an&d A12 are each mdependenﬂy a phenyl ring ora 5 or G—membered heteroaryl rmg : |
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15

20
" branched-chain hydrocarbon radical having at least 1 carbon atom. Thus the terrﬁ“Cti-_C‘? :

25

30
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In the present specification the term “CI—C4 alkoxy” means a moxnovalent unsubstituted

 saturated straight-chain or branched-chain hydrocarbon radical having from 1 to 4 carbon

atoms linked fo the point of substitution by a divalent O radical. Thus the term “C1-C4

alkoxy” includes, for example, methoxy, ethoxy, n—propoxy, 1sopropoxy, n-butoxy,
isobutoxy, ec—butoxy and tert-butoxy.

Inthe present 5pet:1ﬁcat1011 the term “C1-C4 a.lkylthm" means a monovalent unsubstltuted

saturated sirmght—chmn or brauched-chain hyd:ocarbon radical having from 1tod carbon |
atoms linked to the pomt of substitution by a divalent S radical. “Thus the term “C1-C4
alkyithio™ mcludes, for example, methylthio, ethylthio, n—propylﬂno, mopmpylthlo, n—
butylthio, 1sobuty1th10, sec-butylthio and tert-butylthio.

: In the present specification the term “C3-C6 cycloalkyl” means a Iﬁonov_alent :
- uﬁs‘ubstitnted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms. Thus -

the term “C3-C6 cycloalkyl” includes, for example cyclopropyl, cyclobutyl, cyclopentyl
and cyclohexyl.

In the present specification the term “C4-C7 cycloalkylalkyl” means a monovalent
unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms

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

cycloalkyl” includes, for example, cyclopropylmathyl,'cyclopropyleihyl, _

'_ cyclobutyln_:ethyl, cjrclopentylmethyl and cyclohexylmethyl.

. In the present specification the phrase “wherein one C-C bond within the cycloa.lkyl
| moiety is optionally substituted by an O-C, 8-C or C=C bond” means that either (i) any

two adjacent carbon atoms within a cycloalkyl ring may be lmked by a double bond
rather than a single bond (w:th the number of substituents on each carbon atom bemg
reduced accordingly), or that (ii) one of any two adjacent C atoms within a cycloa]kyl
ring (and any substituents thereon) may be replaced by an oxygen or suiphur atom.
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Examples of groups encompassed by this phrase when used in comlmctmn with the term
C3-C6 'cycloa]kyl include, for example

Examples of groups encompassed by this phrase when used in cor:guncuon mth the term -

C4FC7 lt;:sfc:kmll\:ylall':}fl include, for example:

ACA@/\@

L4

In the p;'csent specxﬁcanon the term “C2-C6 alkenyl” means a momvalent unsubsﬁtnted :

unsatur%-ted strai ght-cham or branched—cham hydrocarbon radical havmg from2106

. carbon atoms and containing at least one carbon-carbon double bond. Thus the term “Cl- ‘
i ' .

C4 alkepy!” includes, for example, ethenyl, propenyl, 2;methyl-2-pmpen}d and butenyl.

In the p:‘resént specification the term “C3-C6 cycloalkoxy” means a monovalent

unsubs!:{tuted saturated cyclic hydrocarbon radical baving from 3 to 6 catbon atomsinthe

riﬁg linked to the point of substitution by a divalent O radical. Thus the term “C3-C6
i . .
cycloalkoxyl” includes, for example, cyclopropoxy.

f
{ . L
In the present speciﬂcation the term “C1-C4 aH:ylsxﬂfonyl” means a monovalent

unsubsntuted saturated straight-chain or branched-chain hydmcarbon radical having from
1to4 cai-bon atoms linked to the point of substitution by a divalent SOy radlcaI Thus the

term “Cl -C4 alkylsulfonyl” includes, for example, methylsulfonyl

i

. | _ |
In the present specification terms similar to the above definitions specifying different
numbers;of C atoms take an analogous meaning. Specifically, “C1-C6 alkyl” means a_

monovalent unsubstituted saturated straight-chain or bl{anched-cha_i_n hydrocarbon radical

having ftom 1 to 6 carbon atoms. Thus the term “C1-C6 alky!l” represents a larger set of

compom*ds that encompasses the subset “C1-C4 alkyl” but also includes, for example, n-

pentyl, 3imethyl-butyl, 2-methyl-butyl, I-methyl-butyl, 2,2-dimethyl-propyi, n-hexyl, 4-
| _

]
I
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2 methyl-pentyl and 3-—methy1-penty1 Speclﬁcaﬂy, “Cl-CZZ alkyl” means a monovalent

- unsubstituted saturated hydmcarbon radical having 1 or 2 carbon atoms. Thus the torm
e “CI-CZ alkyl” represems 2 subset of compounds thmnthe term"Cl-C4 alkyl”

| mcludes methyl and ethyl - | |

\\0_{ -: :_

o Infh.e Pré#éﬁfspéciﬁ#a'tio#the torm “al” o:-‘ﬂ‘halégeﬁ"% meansFCLBror _I; SRR

I the presemt speclﬁcauon the tam phmoxy’ means a monovalent tmsubstltuted phenyl - . Lo

. - radical hnkedtothepomt ofsuhmtuuonbyadwalentOradxcaL
'Inthepr&eem specxﬁcanon ﬂaeterm“s-memberedhetemaxylnng”meansas-membm - R
-.-':"_-_'-.':aromatmnngmcludmgone ormorehetema:oms eachmdependenﬂyselectedﬁ‘omN 0 S
andS Prefemblythemarenatmorethanthmehete:oatomsmtotalmthenng. More
'-'prefemblytherearenotmoreﬂlmtwoheteroatomsmtomlmthenng.Moreprefembly T
"3'_therelsnotmorethanonchetetoatommtotal in the ring. Thete:mmcludes, forexample,-_'_"'; o

_' : the gmups thlazolyl, mothlazolyl, oxamly], tsoxamlyl, thlophenyl. ﬁlranyl, pyrrolyl

e o nmdazolyl, mazoly], oxad:azolyi and thxadxazolyl

. “'Ihazolyl” as used herem mcludes z-ﬂnazolyl, 4.thmzoly1 and S-ﬂuazolyl

.“Isothlazolyi” as used harem mcludes S—moﬁnazolyl, 4-lsothxazoly1 and S-moﬂnazolyl.
- Oxazolyl” as used herem mcludes 2~oxazolyl 4—oxazoly1 and Smxazolyl '

- ‘Isoxazaly » as used herem :ncludes 3-1soxazoiyl, 4-1soxazoly1, and S-Imxazolyl

N “’I‘hlopheny " as used herein mnlud&s z-mophanyl and S-thmphenyl. "

3 .-'3“me1” 25 used herein includes 2-ﬁn'anyl and 3-ﬁ:rany1

- ‘Pyrrolyl” as used herem mcludes 2—-pyrrolyl and 3-pyn'olyl

'- “Imxdazolyl” as used herem mcludes z—umdazolyl and 4~nmdazoly1.

' “’I‘nazolyl” as used herem mclndes l-tnazolyl, 4-»tnazolyl and S-mazolyl. L
B “Oxadtazolyl" as used herem mcludes 4- and 541 ,Z,Bmxad:azolyl), 3- and 5-(1 ,2,4-

o oxadxazolyl), 3-(1 2 5—oxad1azoly1), 2-(1 3 4-oxadlazolyl) o
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| "rmaéjazolyr’ as used herem includes 4- and 5-(1,2,3—t1uad1azolyl), 3- and 541 2, 4.

thxamdzolyl), 3.(1,2, S-thladzazolyl), 21,3 4—ﬂnadmz01yl)
‘.

In the presant speclﬁcanon the term “6-membered hetemaryl rmg means 6-mem.bered -

aromnqc ring mc.ludmg one or more heﬁeroatoms each mdependenﬂy selected from N 0
and S. meerably there are not more than three heteroatoms in total m the rmg More

"prefarably there are not more than two hetematoms in {otal i in the rmg More preferably . B
- there 1s'not miore than one heteroatom in total i in thenng 'I‘he term mcludes, for example, -
E fthe grows pyndyl, pynnndyl, pyrazmyl. pyndamnyl and maﬂnyl
10 o |
 “pytidyas used herefe includes Z-pyndyl, 3.pyridyl and 4-pyndy1
- _ “Pynm:,dyl" as used herem mcludes 2~pynm1dyl, 4-pynm1dy1 and 5—pynm1dyl.
| '“Pyxmyr' as used herein mcludes 2-pyrazmy1 and 3—-pyrazmyl

"l

& "Pyndamny ” as used herem mnludes 3-pyndazmyi and 4—pyndazmy1

15

20

25

30

“’I‘nammyl” as used herem includes 2-(1 ,3,S~mazmyl), 3-, 5- and 6—( 1,2,4~mamnyl) and 4— '
"and5~(1f23-mazmy1) o o S - |

In the prgsent spec;ﬁcanon the term “ortho refers toa posmon on the Arl aromatlc nng o
wlnch m'adjacant to the pomnon from whxch Arl lmks to the rest of the compound of

B In the présent spwiﬁcanon the term “N-pmtectmg gmup means a functmnal group |
which re:;ders the N atom to which it is attached unreactwe under the mcuon condmbns :
to wheh T.he N—pmtected compound is subsequenﬂy exposed, except where said protected o
N atom uq also bonded to an H atom and except where such condmuns are specifically -
chosen to, gremove the N-protecting group. The choice of N-protecting group will depend .

upon the $ubseqnent reaction conditions and suitable N—protectlng groups for given -

~ situations ;wﬂl be known to the person skﬂled in the art, Further mformahon on mntable
- N—protecﬁhg groups, mcIudmg methods for their addition and remova], is contamed in the
' well knowin text “Protecuve Groups in Orgamc Symhes1 Theodora W Greene and

P
oy
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. 2

- dlphenyhnethyl or tnphenylmethyl (trrtyl), and sulfonamﬁe pmtectmg groups —SO:-R.D

10

wherein Rp is, for example, methyl, benzyl, phenyl or phenyl substituted w:th from 1 to 5

- subsntuents each mdependenﬂy selected from methyl t-butyl, methoxy and mt:o In some

L mstances the reaction conditions employed mean that N—protectmg gmups whlch are

L stable under strongly basic condmons and/or in the presence. of strong nucleophxlee (Such .

. as °Tgan0metalhe reagents) are generally pmfm'red. Examples of such prefened N- - '_
" protecting groups inchude alkylamine protecting groups ~Rc wherein Rc is, for example,
* methyl, t-butyl, allyl, [2-(rimethylsily)ethoxy}methyl, beazyl, 4-methoxybenzyl, 2:4- -
 dimethoxybenzyl, diphenylmethyl or tnphenyhnethyl (tntyl} Benzyl is an especml]y

15

y ' prefen'ed N-protectmg gmup

20

._'. Ina preferred embodxment of the present mvenuon, X is OI-I, CI-C4 alkoxy, or NHZ
- More preferably, Xi is OH or NHj. Most preferably Xis OH. R |

| -Ina prefened embod.lment of the preSent mvenuon, Rx is H or methyl Most preferably

- _._Rme

30

g In a preferred embodmlent of the present mvenuon each Rz group is mdependenﬂy H or N -
methyl, with the proviso that not more than 3 Rz groups may be methyl Most prcferably, ‘ | R
each Rz isH : . . o _ :

In a preferred embodlment of the present mvenhon, Ry is H or methyl Most preferably _' -

. RCTUS20040327T1 %

" Peter G.M Wuts, Jolm Wiley & Sens, Inc., New York, 1999, Pp. 494—653 Bxamples of .
_ N—protectmg groups me}ude carbamate protectmg groups —CO-ORA wherein Rai is, for . :
 éxample, methy, ethyl, 9-fluorenylmethyl (Fmoc), 2,2,2-trichloroethyl (Troc), 2- .
- _'methyisnyzethyl (Teoc), +-butyl (Boc), ailyl (Alloc), benzyl (Cbz) or p—methoxybenzyl
B (Moz), amide protechng groups ~CO-Rp wherem Rs is, for example H, methyl, benzyl
. or phenyl alkylamme protechng gmups -—Rc wherem Rc is, example methyl, t—butyl
E allyl, [Z{mmethylsdyl))eﬁloxy]methyl, benzyl, 4—methoxybm1zyl, 2 Mmemoxybenzyl,
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15
‘Inapr ferred embodlment of the present mventmn, RI is C3—C6 cycleaﬂ:yl (0pnonally

' Isubst:tixted with 1, 2 or3 halogen atoms andfor with 1 subsnment selected from CI-C4

: alkoxyland hydroxy) wherein one C-C bond within the cyclealkyl moiety is opimnally

20

2 ~ from C}-C4 alkoxy and hydroxy) wherem one C-C bond within the eyeloalkyl mmety is

R
b _
B SR : o o -8

T

g In a ﬁreferred embodiment of the present mventxon, Rl is CI-CG a.lkyl (opnonally

 substituted with 1,2 or 3 halogen atoms and/or with 1 subsntuent selected from C1- c4 __

' alkylﬂm) (opnonally substituted with 1,2 or 3 ﬂuonne atoms), Ci-C4 alkoxy (opuonally -
'substitnted with 1, 2 or 3 fluorine atoms), C3-C6 cyeloalkoxy, C1-C4 aIkylsnIfonyi,

cyanq -CO—O(CI-CZ alk'yl), -O-CO-(Ci-CZ alkyl) and hyﬂroxy) More prefembly, R1i is |

ﬂuoruie atoms). Examples of specific identities for RI within this embodtment mclude

i

1
{

substxmted by an O-C, $-C or C=C bond. More preferably, Rlis CB—CG cycloalkyl
(opnoneuy subsntuted with L2or 3 halogen atoms and/or with 1 substituent selected

. optionsfly substituted by an O-C bond. More preferably, R1 is C3-C6 cycloalkyl wherein

. 30

| one CC bond within the eycloaﬂcyl mmety is optionally substrtuted by an O-C bond..

_ | - EXamp es of specxﬁc identities for R1 within this embethment mclude cyeloPropyI
25

eyclopentyl and tetrahydrepyranyl (in partxeular tetrahydro-ZI-I-pyran-ti-yl)

| ‘Ina prefezi‘ed embodim_ent bf the prest invention, Rlis CS-C_6 cyeloalkyll (optionaily .'

substitu#ed with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4
alkoxy 4nd hydroxy) More preferably, R1 is CB-CG cycloaikyl. Examples of specific

. xdenht;es for R1 within thts embodiment include cyclopmpyl and. cyclopentyl

i
!
(.
!
t

- C 1-06 atkyl (eptmnaﬂy subst:tuted with 1,2 or 3 halogen atorms and/or with 1 substztuent o
'seleeted from C1-C4 alkoxy (opt:onally substituted with1,20r3 fluorine atoms), cyano S
- and h&droxy) More preferably, R1 is C1-C6 alkyl (optlonally substituted with 1,2 0r 3 |
- haleg#n atoms). More preferably, R1is C1-C6 a]kyl (optlonally subsntuted mth 1,20r 3 o
10 |
o methy , ethyl, iso-propyl, 1so-buty1 n-butyl, 3 3,3~mﬂuompropyl end 4,4 4—tnﬂuorobuty1 o

Ina preferred embodiment of the present mventlon, RI is C2- (36 alkenyl (optionally . '. .
'subsmjuted with 1,2 0r3 halogen atoms) K o
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Iﬁ a preferred embodiment of the present invention, R1 is C3-C6 cycloalkyl (optioxialiy a

_ c substituted wu.h 1,2 or3 halogen atoms andlor with 1 subsnment selected from C1-CA
~ alkoxy and hydroxy) wherein one C-C bond thhm the cycloa]kyg moiety is substituted

by an 0-C,S-Cor C=C bond. More preferably, R1is C3-C6 cycloalkyl (optlonally |
subst:tuted with I 2 or 3 halogen atoms and/ormth 1 substituent selected from CI—C4 -

- alkoxy and hydroxy) wherein one C-C bond within the cycioa]kyl mmety is suhsntuted o
- by an O-C bond. More preferably, R1 is C3-C6 cycloalkyl Wherem one C-C bond WIﬁun ;

-the cycloalkyl mofety is substituted byan O-C bond. An example of a speclﬁc identity for : o
Rt within this embodiment s tetrahycropyrany (in partcular tefrahydro-2Hpyrand-yl).
100
' Inaproferred embodiment of the present invention, R is C4-C7 cycloalkylalkyl -

(optionally substitited with 1, 2 or 3 halogen atoms and/or with 1 substituent selected

T from C1-C4 alkoxy and hydroxy) wherein one C-C bond vmhm the cycloa]kyl mmety is

20

L déﬁ_ned above. Morepife_ferébly, Riis CH5Ar2 whereilnzAiZ is_a phenyl ring or a p}*ﬁdjfl - o

- 30

S 'opt:onany substituted by an 0-C, S-C or C=C bond.
Ina prefelred embodiment of the presént invenﬁon,m is C4-C7 oycloalkylalkyl

k]

_(optmnally substituted with 1, 2 or3 halogen atoms and/or w1th 1 subshtusnt selected

" from CI-C4 alkoxy and hydmxy)

I_n a preferrcd qmbodiment of the prese::it invention, R1 is C4—C7 9y_<:IOalkyla_1kyI_ S
(optionally substituted with 1, 2 or 3 balogen atoms and/or with 1 substituent selected
from. C1-C4 alkoxy and hydroxy) wherem one C-C bond thbm the cycloalkyl mmety is -

_. suhstltuted by an 0 C $-C or C=C bond.

" In a preferred embodiment of the present invention, R1 is CHpAr2 wherein A2 is as

(preferably Zprz'idyl) ring each of which may be substituted with 1. 2or3 subsﬁmen'.cs' _
each independently selected from CI-C4 alky! (optionally subsntuted with l 2or3 |
balogen atoms), C1-C4 alkoxy (Optmnally substituted with 1, 2 or 3 halogen atoms), C1-
C4 alkylthio (optionally substituted with 1,2 or 3 halogen atoms), halo and hydroxy.

 More preferably, R1 is CHyAr2 wherein A2 is a phenyl ring optionally substituted in the




 wodsem2 - S rc*rmsmmszm )

10

| | |
b o - -10-

. - .

manneri descnbedmtheprecedmgsentence More preferably, R1is CHgArZ wheremAr2 :

isa phényl ring optmnally subsntuted withlor2 subsutuents each mdependemly

| _ selecteq from C1-C4 alkyl (ophonaﬂy snbsututed w;th 1,2 or 3 halogan atoms), CI-C4 S

alkoxy (opnonally substituted with 1, 2 or3 halogen atoms), halo and hydroxy Examples "

of Specxﬁc identities for RI thhm ﬂns embodament msclude phenylmeﬁlyl and (2-
. methoxy-phanyl)methyl. '

!
i

‘Ina pre{erred embo&ment of the present mvutwn, Arl 1s a phenyl ring or 4 5- or 6—

memberéd heteroaryl nng, cach of whlch is mbstltuted in the ortho posmon witha

- substxm¢nt selected from CI-C4 alkyl (opnonally substituted thh 1 2 or3 halogen .
~ atoms), tI-C'A alkoxy (optxonally substituted with 1,2 or 3 halogen atoms), Ci-C4

o an:ymuq (optionally substituted with 1, 2 or 3 halogen atoms), -CO-O(C1-C4 alkyl),

15

25

- - Cyano, - -NRR, -CONRR, halo, hydroxy, pyridyl, thiophenyl, phenyl, benzyl and phenoxy,

0

- each of v',vhlch ortho substm:ents is 0pnona11y rmg-substlmted (where a ring is present)
with 1 240: 3 subshtuents each mdependenﬂy selected from halogen, C1-C4 alkyl

» (optionaiily substituted wﬁh 1,20r3 halogsn atoms), CI-C4 alkoxy (0pt10nally

' '.substmltéd with1,20r3 halogen atoms) carboxy, nitro, hyd:oxy, cyano, NRR,'

CONRR.| SOzNRR and SOyR; and each of which i is (in addmon to ortho substltxmrm)

L opnonally fm‘ther substituted with 1 or 2 substituents aach mdependenﬂy selected ﬁ'om
20

C1-C# alkyl (optionally substitated with 1,2 or 3 halogen atoms), C1-C4 alkoxy
(optwnaqy substituted w1th 1, 2 or 3 halogen atoms), C1-C4 allylthio (optzonally

.' -subsntute.'d with 1,2 or3 halogen atoms), -C()-O(Cl—C4 atkyl), cyano, NRR, -CONRR, _
. halo and ﬁydroxy More preferably, Arl isa phenyl ring or a pyndyl (preferably 2- s '
" pyridyl) qn g each of which is substituted and optionally further subst;tuted in the manner .

descnbed‘m the precedmg sentence. More preferably, Arli is a group of the formula (a). _
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A is N or CR6 {preferably CR6); R2 is C1-C4 alky! (optionally substituted with 1,2 or3

_ | halogen atonis), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1- - -'
C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl,

thiophenyl, pheny! (optionally substituted with 1, 2 or 3 substituents each independently -
selected from halogen, C1-C4 alkyl (opticnally substituted with 1, 2 or 3 halogen atoms),
or C1-C4 alkoxy (optionally substituted with 1,2 or 3 halogen atoms}) or phenoxy '

(optionally substituted with 1, 2 or 3 halogen atorns); R3is H; R4 is H;R5isH, C1-C4.

alkyl {optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoiy (Opnonally '
substituted with 1 2 or 3 halogen atoms), C1-C4 atkylthio (opuonally substituted with 1,
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 (2) wherein, A-is CR6; R2 is C1-C4 alkyl -

15

20
 flnoro-phenyl, Zchlom-ﬁ-ﬂuom-phenyl andz-phenyl S-ﬂuoro-phenyl.

25

30

(optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy {optionally
. substituted with 1, 2 or 3 fluorine atoms), halo or phenyl (optionally substituted with I, 2
~or 3 fluorine atoms); R3 is H; R4 15 H; RS is H or F; and R6 is H or halo. More '

preferably, Arl is a group of the formula (a) wherein, A is CR6; R2 is C1-C4 alkyl

~ (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 a]koxy (opt:lonally

substituted with 1, 2 or 3 fluorine atoms) or phenyl {optionally substituted with 1, 2 or3
fluorine atoms); R3 is H; R4 is H; RS is H or F; and R6 is H. Examples of specific -
identities for Arl include 2-methoxy-phenyl, 2-ethoxy-phenyl, zéuiﬂuommethoxy? '

'phenyl 2-phenyl-phenyl, 2-(3-fluoro-phenyl)-phenyl, 2-chloro-phenyl, 2—methoxy-5-

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

' asymmetxic carbon atoms. In the present speciﬁcation,- where a structural formula does

not specify the stereochemistry at one or more chiral centres, it encompasses all possible
stereoisomers and all possxble mixtures of stereoisomers (mcludmg, but not limited to,

racemic mixtures), which may result from stereoisomerism at eac_h of the one or more

chiral centers.

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

stereoisormers

PCT/US2004/632771 %(
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e ) _In a prefened embod:ment of the present mvenuon, there IS provxded a compound of | . S

_ 5. whmm, X, Rl and Arl are as deﬁned for fo;mula.(l) above, or aphannaceutxcally
L | acceptable salt thereof .

Lo = : In a preferred embodxmmt of the present mvention, there is provxded a compound of
- . . 'I"_formula (Hl) wherem | .; S . o i SPRAE TR
L Rl is cx-cs amyl (opncnaﬂysubsmmd w:th 1,20r3 halogm atoms and!or thh 1
' substituent selected from C1-C4 allcylthio (optlona.lly suhstltuted with 1,2 or 3 ﬂuonne
. atoms), C1-C4 allcoxy (optionally substituted with 1, 2 or 3 finorive atoms), C3-C6
AR “cycloalkoxy, C1-C4 alkylsulfonyl cyano, -CO-O(CI—CZ alkyl), -o-co-(c:-c:z a.!kyl)
© 15 andhydroxy); C3-C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms
' andlor with 1 substituent selectad from C1-C4 alkoxy and hydroxy) wheremone C-C~ ©
" bond within the cyclodlkyl moiety is opnonally substituted by an O-C, 5-C or C=C bond, o
- L or CHzArZ wherem Ar2 13 aphenyl nng or apyndyl (prefetably 2-pyndy1) nng each of L R
L o : whlch may be subsnmted w:th 1 2 or3 subsntuents mh mdependenﬂy se]ected ﬁ'om e
@ 20 C1-C4alkyl (optionally subsnnnea with 1,2 or 3 halogen atoms), C1-C4 alkoxy
' (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylﬂno (opuonauy
'-_"__.subsnmtcdmﬂzl ZorBhalogmatoms),haloandhydmxy;md . e
_ o Arlisa phyl ring or a 5- or 6-membered heteroary! ¥ing; each of whmh is substxtuted m_' " o
: _.'-' ' the aﬂho posmon witha subshment selected ﬁ'om C1-C4 alkyl (optxonally substﬂ:utad |
25 . with1,2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1,2 or3 "
D halogen atoms), CI-C4 alkylthm (optmnal!y mbsumted w:th 1,2 or 3 halogan atoms), B
R _.c0-0(01-04 alkyl), cyano .NRR, -CONRR, halo, hydroxy, yndy} th.lophenyl, phenyl '_ REE SR




'--."wo 20&5}0472?2 U L poIuSMesTT

- bmzyﬁ and phenoxy, eax:h of whlch ortlzo subsntuents is optlonally nng-snbsumted

(wher% a rmg is present) with 1, 2o0r 3 substxments each :ndepandently selected ﬁ'om ST T
- halog(%n, C1-C4 alkeyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy__ : ﬁ__;__-; S
- (optxoha]ly subsntuﬁed w:th 1, 2 or 3 halogen atoms), carboxy, mtro, hydmxy, cyano,

5 ONRR, y-CONRR. SOZNRR and SO7R; and sach of which s (i addition o ortho

substl on) opnonallyﬁmher substmned wxfh lor2 mbstxﬁm:tS ea::h mdepmdently

- selectdd from C1-C4 alkyl (opnonaﬂy subituted with 1, 2 or 3 halogen atoms), cl.ce

 alkoy (optionally substituted with 1,2 or 3 halogen stoms), C1-C4 alkylthio (opuonany R
- l'__..."'mlbsnﬁltedmﬂxl 2or3 halogen atoms) -CO-O{CI-C4 alkyl); cyano NRR,-—CONRR, i

e i i_()T - halo arld hydroxy; or aphm-macemmuy acceptable salt ﬁmeof.

s S

1]
|
L
i
|
|
%
i
]
I

.__1 .
[_,

B ) 2 In 2 préferted embodnnent of the present mventlon, ﬂaere is pm“ded 8 campo und Of

e "'_;:XlsOHiorMIz, _'

f RI is Ch—Cﬁ a]kyl (optlonaliy subsnmted w1th 1, 2 or 3 halogen atoms aud/or wzth 1

S o el,nt sl ecte d from Cl‘C4 ajkgxy (opnonany subst:mted thh 1 2 or 3 ﬂuonne

S 20 atoms), é[yano, ami hydtoxy), Cg_ce cycloaﬂcyl (opuonally substmxted w;th 1, 2 or 3

o halogen atoms andfor with 1 subshtuent selected ﬁ'om Cl-C4 allcoxy and hyd:toxy)
o ':--._wherein pne C—C bom:t thhm the cycloaﬂcyl moxety is opnonally subsmuted by an O—C
o bond, or CHQAIZ wherem Ar2 i 1s a phenyl rmg optlonally substltuted wzth 1,2 or3

. : subsutue%:ts aach mdependenﬂy selected ﬂ‘om Cl-C4 alkyl (opnonally substlmted WIth 1

f .
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2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 hélogen o
atoms), C1-C4 alkylthio (optlonally substituted with 1, 2 or 3 halogen atoms), halo anid |
hydroxy: : .
A.is N or CR6 (preferably CR6); R2 is C1-C4 alkyl (nptlonally substituted with 1,2 0or 3 -
halogen atoms), C1-C4 alkoxy (opt:onally substituted with 1,2 or 3 halogen atoms), C1-
C4 alkylthio (optionally subsumted with 1, 2 or 3 halogen atoms), halu, hydroxy, pyndyl,

| thiophenyl, phenyl (optmnally substltuted with 1, 2 or 3 substituents each mdependently -

 selected from halogen, C1-C4 alkyl (optmnally snbstituted with 1 2or3 halogen aloms),
or C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) or phenoxy
(optwnally substituted with 1, 2 or 3 halogen atoms_), R3is I-I, R4isH;RSisH, C1-C4
alky! (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1,
2 or 3 halogen atoms), halo or hydroxy; and R6 (if present) is H; or a pharmaceutically
aoceptable salt thereof. | |

In a preferred embodsment of the present invention, there is provlded a compound of
 formula (V)

wherein, o

X isOHorNHp; . _ _
R1 is C1-C6 alky! (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloaliiyl
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C
bond or CHyAr2 wherein Ar2 is a phenyl ring optionally substituted with 1 or 2

substituents each independently selected from C1-C4 alkyl (optionally substituted with 1,



| - Rl is le—C6 alky} (Opnonally subsumted mth 1 2 or 3 ﬂuonne atoms} or C3-C35 S
e m}m@: wherein one c-c bond w:ﬂun tfm cycloalkyl moxety movtomﬂy aubsntuted o
bymD-iCbond, i R B SR S
- R2 is CI}-C4 alk)d (opt:onaﬂy substltuted w:th 1 2 or 3 ﬂuonnc atoms), C 1-C4 311@:3

b

2 ors !’[:alogen awms), CI~C4 alkoxy (Opt:onally substxtuted w:th 1 2 ors‘ halogen R VR
Rz is 01-04 allcyl (opuonally substlmted w:th 1, 2 or’ r3 ﬂnonne atoms), Cl-C4 alkoxy B
' .(opt:on?ﬂy substrmted thh 1, 2 or3 ﬂnnnne atoms) orphenyl (opttonally mxbshtuted -
o '_WIth ‘1 '2 01-3 ﬂuonne atoms), RS is H or F, or apha:maneunﬁally acceptablesalt S o

R (opuonaily substﬁuted with 1,2 or 3 ﬂuorma atoms) or phcnyl (opt:ona.‘l}y substxtuted
G w:th 2 210r3 ﬂuonne atoms), and R5 m H orF ora pharmaceutxcally acceptabla salt

) _'thereof. i

LA

o 5 Spec1ﬁc #mbod:ments of 1he present mvant:on mc}ude the compou:nds
S 11, 1’~b1phenyl]-2-yl-z-moxphohn-z-ylpropan-z-ol S
R [5-ﬂuoxo-z-(methyloxy)phenyll-z—morpholm-2~y1butan—2—ol

= f-_z.moxpm}hn-z-yz-l {2-[{tnﬂuommemyi)oxy]phmyl}bum-z-el,
_ S141, 1’-bﬁphenyi]-2-y1-2-morphohn~2-y1butan-z~ol, e : o
-[5-ﬂuom-Z{methy}oxy)phenyl}-B—methyl—Z—morphohn-&ylbutan-Z-ol,
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3-methyl-1-J(2-methyloxy)phenyl]}-2-morpholin-2-ylbutan-2-of,

' :-1-[(Z-eﬂlyioxy)phenyll-3~methyi—2~mozpholin-2-y1butan-2-ol,

3-methy}-2-morpholin-2-y}-1-{2-{(rifluoromethyl)oxylbutan-2-ol, -
1-{1,1’-biphenyl}-2-y}-3-methyl-2-morpholin-2-yibutan-2-ol,
1-{4-finoro[1,1’-biphenyl}-2-y)-3-methyl-2-morpholin-2-yibutan-2-ol,
1-[5-fluoro-2-(methyloxy)phenyl}-4-methyl-2-morpholin-2-yi-pentan-2-ol,
1-[2-(ethyloxy)phenyl]-4-methyi-2-morpholin-2-ylpentan-2-0l,
4-methyl-2-morpholin-2-yi-1- {2[triflucromethyl) oxylphenyl}pentan-2-ol,
1-{1,1’-biphenyl}-2-yl-d-methyl-2-morpholin-2-ylpentan-2-ol,
1-(4-fluorof1,1’-biphenyl}-2-y)4d-methyl-2-morpholin-2-yipentan-2-ol,
1-cyclopentyl-2-{5-fluoro-2-(methyloxy)phenyl}-1-morpholin-2-ylethanol,
1-cyclopentyl-2-{2-(ethyloxy)phenyl}-1-mozpholin-2-ylethanol,
1-cyclopentyl-1-morpholin-2-yl-2- {2—[(tiﬂuor6methyl)oxy] phenyl} gthanol,
2-{1,1°-biphenyl]-2-yl-1-cyclopentyl-1 -morpholin—Z—yle&xanol,' '
‘l-cyclopentyl-2-(4-fluorof1,1’ —blphen}'!]-z-yl)-I-mozphohn-z-ylethanol,
:2- [S-ﬂuoro-Z{methyloxy)phenyi]- -mcrphohn-z-yl 1-tetrahydm-2H-pyran—4—yiethanol
1-morpholin-2-yl-1-tetrabydro-2H-pyran-4-yl-2- {2—[(mﬂuommethyl)oxy]

phenyl}ethanol,

2-[1,1’-bipbenyl]-2-yl-1-morpbolin-2-yl- 1-tetrahydro—2H-pymn-4-yleﬂzanol,
2-(3 -ﬂuoro-bxphenyl—Z—yl)— -mcrphohn-z-yl-l{tetrahydro-pyran-d—yl)-ethanol,
 8,5,5-trifluoro-1-(5-fluoro-2-methoxy-phenyl)-2-morpholin-2-yl-pentan-2-0i,
5,5 5~mﬂuoro-2-morphohn—2-y1- ~(2-tnﬂuommethoxy—phenyl)apentan-z-ol,
: 1—[1 1°-bipkenyl}-2-y}-5,5,5-trifluoro-2-morpholin-2- yIpentan—Z-ol, o
6,6,6-trifluero-1-[5-fluoro-2-(methyloxy)phenyl}-2-morphol-2-ylhexan-2-ol,
1-[1,1-biphenyl}-2-y1-6,6,6-triflnoro-2-morpholin-2-yljhexan-2-01,

 I-cyclopropyl-2-{-2-(methyloxy)phenyl]-1-morpholin-2-ylethanol,

1-cyclopropyl-2-[-2-(ethyloxy)phenyl}-1-morpholin-2-ylethanol,
2-{1,1°-bipbenyl]-2-yi- 1-cyclopropyl-1-morpholin-2-ylethanol,
1,3-bis-(2-methoxy-phenyl)-2-morpholin-2-yl-propan-2-ol,
1-(Z-methoxy-benzyl)-2-(2-methoxy-pheuyl)-1-morpholin-2-yl-ethylamine,
2-morpholin-2-yl-1,3-diphenyl-propan-2-ol,
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1-(21methoxy-pheny1)—2—morphohn-2—yl—hexan-2«ol,

' 2—m¢§rphohny1— -mphenyl-z-yl-hexan-z—ol . :

o 1-(2-ch10r0—6-ﬂuom—pheny1)~4-methyi—Z—morphohn—Z~y1—pentan-z-ol and
-(2—fhloro-phanyI)—4—methy1—2~morphohn—2—y1—pentan—Z—ol o

- and ﬁharmaceut:cally acceptable salts thereof. '

. The. mpounds of the present invention are inhibitors of norepinephrine reuptake, -
. ngémc amine transporters contml the amount of bmgemc amine neurotransnntters in.

the sﬂnaptw cleﬁ. Inhibition of the respective transporter leads to 2 rise in the N

at the norepmephnne transporter as detetmmed usmg the scintillation pm:mmty assay |
descn'bed below. More preferred compounds of formula (D) and their pharmaceutma!ly
table salfs exhiblt a K value less than 100nM at the norepmephune transporter. Stﬂl

- more preferred compounds of forrula (I) and rhexr pha:maceuucally acceptable salts
o exhib:t aK; value less than 50nM at the norepinephrine trausporter. ‘Especially prefmred

3 compqunds of formula (D) and their pharmaceuhcally ascepmble salts exhibxt a I{l value

i

 les thfn 20pM at the norepmephnne {ransporter, Preferably, ‘compounds of the present

20

: mventgon selectively inbibit the norepmephnne u-ansporter relative to the serotonin and '

dopam;ne transporters by a factor of at least five, more preferably by a factor of at least

: . ten ‘usq:g the scmtzlla.hon pmxumty assays descrxbed below

. ._25

-
[

In additi on, the compounds of the present mventwn are preferably acid stable,

| | conce?xtratwn of that neurotransmitter within the synaptic cleft. Componnds of formula @®
| and tl:}exr phmmaceuhcaﬂy acceptable salts preferably exhibit a K; value Iess than 600nM

Advanthgeously, they have a reduced interaction (both as substrate and mmbxtor) with the

 liver enzyme Cytochrome P450 (CYI’ZDG) That is to say, they preferably exhibit less

than 75% metabohsm via the CYP2D6 pathway according to the CYP2D6 substrate assa.y

desanbéd below and they preferably exhlbxt an ICSO of >6pM accordmg to the CYPZDG -

' mhibxto% assay descn"bed below.

!

t
o
1
o
{
[
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Tn view of their pharmacological 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 in mammals, especially
humans, including children, adolescents and adults.

The term “nOrépinephrina dysfumection™ as used herein reférs to 2 reduction in the amoﬁnt
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 marnmals”

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

- neuroiransmitter within the synaptic cleft below that whicﬁ_ would be considered to be

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

: quwnon. Disorders associated with norepinephrine dysfunction in mammals include, for
* example, nervous system conditions selected from the group consxstmg of an addictive
- disorder and withdrawal syndrome, an adjustment disorder (including depressed mood,

anxiety, mixed anxiety and depressed mood, disturbance of conduct, and mixed
disturbance of conduct and mood), an age-associated learning and mental disorder
(including Alzheimer’s disease), alcohol addiction, allergies (in particular allergic -
rhinitis), anorexia nervosa, apathy, asthma, an attention-deficit disorder (ADD) due to
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 therapy with one or more

stimulants such as methyiphenidate, amphetamine and dexiroamphetamine), bipolar
disorder, bulimia nervosa, chronic fatigue syndrome, chronic or acute stress, cbgnitive
disorders (discussed in more detail below but including delusions, dementias, amnestic
disorders, mild cognitive impairment (MCI), cogniti%?e impairment associated with
schizophrenia (CYAS) 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
specified), conduct disorder, cyclothymic disorder, dementia of the Alzheimers type
(DAT), dépression (including adolescent depression and minor depression), dysthymic
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disdni‘er, emotional dysregulation (including emotional dysregulation associ ated with
ADHﬁr), borderline personality disorder, bipolar disorder, schizophrenia_,' schizoaffective
dison%er and intermittent explosive disorder), fibromyalgia and other somatoform
disorders {including somatization disorder, conversion disorder, pain disorder,
hypocimndnasxs body dysmorphic disorder, undifferentiaied somatoform dlsorﬂer and
form disorder NOS), generalized anxiety disorder, hot flashes or vasomotor
symptéms, hypotensive states including orthostatic hypotension, impulse control
disorders (including intermittent explosive disorder, kieptomania, pyromania,
patholdgical gambling, trichotillomania and impulse-control disorder not otherwise
Speciﬁéd) incontinence (. bedwetting, stress incontinence, genuiﬁe stress -
mconuﬂence, and mixed incontinence), an inhalation disorder, an intoxication disorder,
learmng disabilities (including developmental speech and language disorders (such as

~ developmental articulation disorder, developmental expressive language disorder and _
'develol?mental receptive langnage disorder), learning disorders (such as reading disorder,

mathematics disorder, disorder of writtéﬁ expression and leaming disorder not otherwise

-. Specu’ie}d) and motor skills disorders (such as developmental coordination disorder)),

mania, 1mgramc headaches, netropathic pain, nicotine addiction, obesity (ie. , reducing
the weight of obese or ovezwmght patients), obsessive compulsive disorders and related
sPecn'mlp disorders, opposmonal defiant disorder, pain including chronic pain,
neuropafhlc pain and antincciceptive pain, panic disorder, Parkinson’s disease (in
particulir to improve dyskinesia, oscilations, balance, coordination, depression, and

_ motiva on), peripheral neuropathy, personality change due fo a general medical condition

(includi.{ig labile type, disinhibited type, aggrwssive type, apathetic type, paranoid type,
combinrid type and unspecified type), pervasive developmental disorders (including
autistic disorder, Asperger’s disorder, Rett’s disorder, childhood disintegrative disorder,

~ and penjamve developmental disorder not otherwise specified), post-traumatic stress

d:sorder,I premcnstrual dysphonc disorder (i.e., premenstrual syndrome and late luteal. |
phase d}f{sphoﬁc disorder), psoriasis, psychoactive substaﬂce use disorders, a psychotih
disorder {including schizophrenia, schizoaffective and schizophreniform disorders), -
seasonal i{aﬂ'ectivc disorder, 2 sleep disorder (such as narcolepsy and enuresis), social
phobia (i‘flcluding social anxiety disoxﬂef), a specific developmental disorder, selective

i _ _

}
!



10

woesdn2z2 . PCT/US2004/032771 M

e

serotonm reuptake mhibmon (SSRI) "poop out" syndrome (1 €., wherem a pauent who

- fallstomamtmnasausfaotoryresponsetoSSRIthempyafterannuualpmod of -

sausfeotory response), TIC disorders (e g., Tourette's Dlseese), tobacoo addlonon and

vascular dementia. The compounds of the present invention are partmularly suitable for
the treatment of attention deficit hyperactivity disorder, ADHD. The compounds of the.
present mvent:on are also parhcnlaﬂy smtable for the treatment of sohxzc»phrema. S

_'The term “oogmtwe dlsorde:rs” (also vanously referred to as cogmnve faﬂure, |
E “cogmtwe msufﬁoxency ¥ “oo ygnitive deﬁolt,” “cognitive mmmrment,” “oogmtwe

dysfuncno and the like) refers to the dysftmctlon, dnmmmon, or loss of one or more
coguitive ﬁmctlons the processes by wluoh knowledge is aeqmred retamed, and used

- Cogmtwe dysﬁmct:on includes cognitive changes assoclated w1th agemg ¢ age-assoomted |

15

20

: memory unpazrment”), as well as ohanges due to other causes. Cogmtlve mpmnnent 1s
| most commonly due to a delirium or dementia, but can also occur in assoolauon w1th a-

number of other medical or neuropsychiatric disorders. More focal cogmtzve deficits are o
dmguosed using the cntena d1sclosed in the Diagnostic aud Star;sncal Manual of Memal

- Disorders, Fomth Edition, Text Revmon (DS'_P\d-]V--'I'RTM 2000), Amencan Psychlatnc 3 '

Assomauon, Wasbmgton, D.C., as either ammestic dlsorders (aﬁecﬁng memory) or

_' cogmtxve disorder not otherwise spec;ﬁed (NOS), Whmh mcludes exeoutlve dysfunct:on,

- wsamspat:al/wsuoconmmuonal m:paarmenl, attentional deﬁolts dlsonentamn, etc These ) -' i
o more focal cog,umve d.tsorders also haVe aw1de variety of causes, some of whxoh are of -

tmknown etlology ' ' '

| A.deleﬁum is characterized by a distirbance of consciousness with 2 reduced ability to
focus, sustain, or shift attention and a change in cogm'tioxi- that develops over a short

o penod of time. Dehnum is very common, and OCours on average in about a ﬁﬁh of

30

" general hospltal mpatlents and is even more common in nummg home panents and thoso
" with terminal illnesses. The disorders included i in the “Dehnum sectxon of the DSMnIV— '
* TR™ are listed accordmg to presm:ned etxology Delirium Dug to a Geneml Medxcal

Condmon, Substance-lnduced Delirium (i.e,dustoa drug of abuse, a medlcatlon. or

toxin exposure), Delirium Due to Muliiple I@uologxes, or Delirium Not Othemse :
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o and o mtellectual functioning and other cognitive skills severe enough to mtexfere o
-W‘lﬂl the ab:hty to perform activities of dmly living. Although dementia may occur at any _' o

15

A : :
e | - 22
i

| speciﬁed'(ifme etiology is indeterminate). As disclosed by Wise et al. ((2002) Delitiuai
_ (Conﬁfmonal States), In Wise and Rundell Eds., The Amencan Psychiatric Publishing

Texrba\ak of Consultatzon—Lzazson Psychiatry, P.sych!arry in the Medzcalt’y III Second
Edmon, Amenuen Psychiatric Publishing, Inc., Washmgton, D.C. Chapter 15, PP 25’7- :
272, Table 15-4), exemplary etiological bases of delirium include, but are not limited to,
infocti withdrawal from alcohol and drags, acute metabolic condmons, trauma of -

types, CNS pathologies, hypoxia, vitamin deﬁmencxes, endocnnopathm;, acute B
vasctﬂér condltmns, toxins or drugs, and heavy metals '

A deménha isa ch:mmc condmon, usually w1th a more gadual detenoratxon of memory

age, it primarily affects the elderly, presentmg in more than 15% of persons ¢ over 65 years

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

chsease is partxcularly COMmmOon. Non-Alzheimer’s cognitive nnpauments and!or .
dementﬂas include, for example those caused by or assoc:ated with: vascular dlseases

_ Parkms@n s disease; Lewy body disease (diffuse Lewy body dmease), HIWAIDS mild -

o cogmtw‘ie impairments; mild neurocogmnvc disorders; ag e-associated Taenzory

20

30

nnpmnqenis neurologic and/or psychiatric conditions mcludmg epilepsy and epilepsy
treatmr:r}ts brain tumors, cysts, lesions, or other mﬂamma:ory brain diseases; mulﬁple
sclerosiy; Down s syndroms; Rett’ 8 syndrome; progressive supraﬂuclea: palsy' frontal -
lobe den!\entxa syndromes; scmzophrema and related psychiatric dlsorders, ant:psyc.honc

. Fmedlcahons, traumatic brain i mgmy (closed head injury), dementia pugxhstlca, aud other _
- head t-a&mas, normal—pressurc hydrocephalus, surgery (mcludmg coronary anery by—pass
| graft surgery) and anaesthes:a, electroconvulswe shock therapy, and cancer and cancer N

therapze%
{

. The dem-L,ntias are also listed in the "Dementia” section of the DSM-IV-TR™ according -

fo presurdled etiology: Dementia of the Alzheimer's Type, Vascular Dementia, Dementia -

"Dueto Other General Medical Conditions (e.g., human immunodeficiency virus [AIV]
- digease, Head trauma, Parkinson's disease, Huntington's disease), Substance.lnduced
C . _ o

§
1
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Persisting Dementia (i.¢., 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, Jr <
Wise and Rundell, Eds., The American Psychiatric Publishing Textbook of Consultation- |
Liaison Psychx‘atry, Psychiatry in the Med_z‘cally i, Second Ediﬁon_, American Psychiatric .
Publishing, Inc., Washington, D.C., Chapter 16, pp. 273-306, Table 16-1), cxemplary
etiological bases of principal dementia syndromes include, but are not timited to,
degenerative disorders (cortical and subcortical), vascular disorders,'niyelinodastic .
disorders, fraumatic conditions, neoplastic disorders, hydrocephalic disorders,
inﬂammaiory conditions, infections, foxic conditions, metabblic disorders, and -
‘psychiatric disorders. B

An amnestic disorder is characterized by memory impairment in the absence of other - .
significant accompanying cognitive impairments. Thé disorders in the "Amnestic
Disorders" section of the DSM-IV-TR™ are also listed according to presumed etiology:

. Amnesho storder Due to a General Medical Condition, Substance-Induced Persisting

- Amnastw Dlsorder, or Amnestic Disorder Not Othermse Specxﬁed.

Cogpitive Disorder Not Otherwise Specified in the DSM-IV-TR™ covers presentations
that are characterized by cognitive dysfunction presumed to be due to either a general

. medical condition oi- substance use that do not meet criteria-for any of the disorders listed

elsewhere in the section of the DSM-IV-TR™ entitled “Dehrxum, Dementia, and -

" Amnestic and Other Cognitive Disorders.”

Dementia, amnestic disorders, and cognitive disorders NOS ocou in patients with 2 wide
variety of_’ 6ther disorders including, but not limited to, Huntington's disease (chorea);
Pick's disease; spinocerebellar ataxias (types 1-11); corticobasalganglionic degeneration;
neuroacanthocytosis; dentatorubropallidoluysian atropy (DRPLA); systemic lupus
erythematosus; heavy metal intoxication; alcoholic dementia (W ernicke’s
en_cephélopathy); fetal aleoho! syndrome; single or multiples S&okes,- including small
vessels (Binswanger’s dementia: subcortical arteriosclerotic encephalopathy) and large



!

i vessqls (multz—mfarct damentxa) anoxzc enoephalopathy; tumors; birth ano:na,premamre .
| bmh,’mbom errors ofmetabohsm, nembﬁbromatosxs('l‘ypcl) mberous scierosxs, | e

Haﬂmorden Spatz disease; Wilson'’s disease; post-infectious sequelae (s.g., mbm““’ms’ o o
" viral pncephaliti, bacterial meningiti); mibdural hemstom; subcortioal dementis;

5 Crem#eldt-:iakob dlsease, Getstmann Strﬁnsslex-»Schemker dlsease, genemi parms, and

. mdetaalabove cogmtwefaﬂummayprasentinpahen!ssuﬁmngﬁbma

_.cmzseﬁ The compomds afthepresentmventxon are useful forthe fxeatznant or

- preveqnon of cognitwe faihure assoc:ated mih, or due to the dtsordm or etmlogws

d above, mcludmg disorders fonnally clasmﬁed m the DSM-IV-TRW For the -

. ' convevj‘n@ce of the reader, the DSM--I\.J'--'l"R"M oode numbers or descﬂptmns a::e. supphed

. _-:__?'balow' “ICD-9-CM codw” refem to codes for, e.g seleated general medxcal condmons

1

- " ‘and ml;dmanon-mduced dxsordexs contamed in the Inmatiomzl C!assgﬁcaﬁon qf

: ' Dz’seales, gt Rewsmn, Clinical Momﬁcanon. ST

. 20

o #92 81 phencychdme [or Phencychdme—L!kB Substanoe], 292 81 Sedauve,

: I

SWW Dql_i;hxm,:_including: o

| .-l ) ]
o gubstanca Intnncahon Daln-mm

R :Fade [Specific Substanoe] Intox:cauon Dehnmn.

S (291.0 Alcobol; 29281 Amphetamine for Amphetamme-me Substaoe]; 292, 81
e pannabxs, 292. 81 Cocame' 292.81 Haﬂncmogen, 292.81 Inha!ant; 292 81 Opzmd,

. -{-Iypnotic, or Anmolyuc, 292 81 Other [or Unknown] Substanca [e.g,, clmetldme,
. -'dlgxtahs,henzﬁopme]) e P e
o Qubstance Wxthdrawa& Delmum

1_.
n
NE
o



30 DementiaDusto Parkinson's Disease | 2941x*(*ICD-9-CMcode).




_tlaDue to Otha: Gena:al Madlcal Cond:aons294 lx* (*ICD-g.m’code) .‘

| l Code hased on presmce or absence of a clnucally _sxgnﬁcant behavmral

| dlsturbance e -

Wlﬂlont Behaworal Dlsturbanoe =
Wlth Behavmml Dlstm’oance

" — _'-,...._.n..

R iCode [Spectﬁc Substance]-lnduced Pemshng Demmtta. el VL
R i(291:2 Alcohol; 292.82 Inhalant; 292.82 Sedauve, Hypnouc, or Anmolyhc, :
1292 82 Other[or Unknown] Substﬂnce) | F '

”_'DemeqnaDuetoMulnpleEtmlngles ’ A
o ‘Codmgnote Usamultxplaeodesbased on speczﬁcdemen’aasandspemﬁc
_o!ogtes,eg., 294 10 Dementm oftheAlzhe:mer'sTypa Mth[.ateOnset,

PARTE _-'-":Without Behﬂworal Dmmrbmlce 29040 VascularDemanha,'IJnoomphcated. DA T

-Substaaca—lnducedPers:snngAmesncDisorder e
D ﬁode[SpmlﬁcSubstanca]-hdmedPemsungAmnesuchsorder
o 30 | ?91 1 Aleohol; 292.83 Sedative, Hypnonc, orAnxmlyhc, 292.83 Other [or S

P Unknown] Subslance LT e S ‘
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Amnestic Disorder Not Otherwise Specified Coo 2948
 Cogitive Disorder Not Otherwise Specified o249
Age-Related Cognitive Decline 7809

Exémples of cognitive disorders due to various etiologies, or associated with various :
disorders, of partlcular interest that can be prevented or treated using the compounds of
the present invention include: mhamcmg cognitive functions and executlve ftmctxomng |

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

normal subjects or in subjects exhibiting cognitive _dYsﬁmctioh; treatment of cognitiﬁe

. and attentional deficits associated with prenatal exposure to substances of abuse
. _mcludmg but not limited to, nicotine, alcohol, methamphetamme, cocame, and hemm,

treatment of co gmtzve Impairment caused by chromc aleohol and drug abuae (substance-

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

Withdrawal; treatment of cognitive deficits in Down’s Syndrome pati_ents; treatment of

" deficits in normal memory functioning comorbid with major depressive and bipolar
' disorders; treatment of cognitive impairment associated with depression, mental -

' tctardat_ion, bipolar disorder, or schizophrenia; treatment of dementia syndromes -
associated with mania, conversion disorder, and malingé_rhg; treatment of pfoh_lems of
attention, prefrontal executive function, or memory due to head frauma or stroke;
tréatment__of cognitive dysfinction in menopausal and post-menopausal women and in -
women undergoing'hormone replacement therapy; treatment of cognitive deficits and o

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

associated with a variety of cancer ireatments, including cranial radiation, conventional
(standard-dose) chemotherapy, high-dose chemotherapy and hematopoietic (bone- :
marrow) transplantation, and biologic agents). o ' |

Coxﬁpounds of the present invention are also useful in a method for treating 2 patient
suffering from or susceptible to psychosis, comprising administering to said patient an
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eﬁ"ecdve amount of a first component whichi isen annpsychonc, in combmanon w1th an

- eﬁ'ecqve amount of a second component s whichisa com;:ound of formula (I) The
k mvenﬁon also prowdas a pharmaceuncal composmon Whlch compnses a ﬁrst compC onem

that 15*3:1 annpsychotxc, and a second component that is a compomd of formula m. In

the gﬁ:eml expressions of this aspect of the present invention, the first component is a

compdund that acts as an annpsychotm The ant:psychonc may be either a typmal
annpsychonc or an atypical ant:psychonc Although both typ1ca1 and atypical

ant:psifchoucs are useful for these methods and formulahons of the present mvaltlon, it 13'-_" s )
| : prefenied that the first componant compound isan atyplcal annpsychohc |

b
i

B Typm#l anupsychtmcs mclude, but are not l.umted to: Ch}orpromazme, 2—01:101'0—10—(3-—

dimettlylaminoprop-yl)phenothiazine, is desoribed in U.S. Patent 2,645,640, Tts -
pha:m{wology has been reviewed {Crismon, Psychopharma-col. Bul., 4. 151 {October
13_7)_,‘ Droperidol, 1~(1-[3-(p-ﬂuorobenzoyl)prapyl]—1,2,3,6~tatrahydm-4—pyndy1)—2— )
benmnudazohnone, is described in U.S. Patent 3,141, 823; Haloperidol, a{A-4 |

| chloroﬂehenyl}-tl-hydmxy-I-plpendmyl]- 1-(4-ﬂuomphenyl)—1—butanone, is descnbed in

- US. P:-?tent 3 438,991 Its therapentic efficacy in psychosxs has been reported (Beresford ..

and W#rd, Drugs, 33, 31-49 (1987); Thioridazine, I-hydroxy-l 0-[2-{1~mathyl—2~
pyndmyl)ethyl] -2-(methylthio)phenothiazine hydrochloride, was d&scnbed by Bomqum, ) ;
st al.(g___c_hx_m._% 41, 1072 (1958)). Its use as an a.ntzpsychatxc has been reported

' (Adelsson, et al., Curr. Ther. Res., 21, 587 (1977)); and Triffuoperazine, 10-{3-(4-methyl- .

: 1-p1pertazmy1)-propyl]-z-mﬂuommethylphentMazme hydmchlonde, is described i in O. S

. Patentﬁsvzl 069.

1-..

Atypicd) antipsychotics include, but are not Jimited to: Olanzapine, 2-methyl-4-(4- -
methyl-ll-plperamnyl}-lﬂﬂ-thxeno[z ,3-b{1 5]benzod1azepme, is a known compomd and

is descl?bed in U.S. Patent No. 5,229,382 as being useful for the treatment of
_ sclnzop?:rema, schxzophremfonn dxsorder, acute mania, mild anxxety states, and
psychoéfxs, Clozapine, 8-chioro-1 1-(4—mefhyi— -piperazinyl)-5H-
_dibenzc{[b,e][l Aldiazepine, is descnhed in U.S. Patent No. 3 -539,573. Clinical efficacy
in the Heatment of scmzophrema is described (Hanes, et al, gﬂchophannacol Bull,, 24
&

!
|
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. 62(1988)); Risperidons, 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-ylpiperidinojethyl}-2- -

methyl-6,7,8,9-tetrahydro-4H-pyridof 1,2-a]pyrimidin-4-one, and its use in the treatment
of psychotic diseases ate described in U.S. Patent No. 4,804,663; Sertindole, 1-[2-[4-[5-
chloro-l-(4-ﬂuor0phenyl)-IH-indcl-B-yl]-I-pipeﬂdixiyl]eﬂiyi]ixnidaioﬁdin-Z-one, is
described in U.S. Patent No. 4,710,500, Tis use in the treatment of schizophrenia is |
described in U.S. Patent Nos. 5,112,838 and 5,238,945; Quetiapine, 5-{2-(4-
dibenzo[b,f]{ 1,4]thiazepin-11-yl-1-piperazinyl)ethoxylethanol, and its activity in assays
which demonstrate utility in the treatment of schizophrenia are described in U.S. Patent

" No. 4,879,288. Quetiapine is typically administered as its (E)-2-butenedioate (2:1) salt;
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Ziprasidone, 5-[2-[4-(1,2-benzoisothiazol-3-y})-1-piperazinyljethyl]-6-chloro-1,3-
dibydro-2H-indol-2-one, is typically administered as the hydrochloﬁde monohydrate.

" The compound is descnbad in U.S. Patent Nos. 4,831,031 and 5,312 925. Its activity i n -

assays which demonstrate uhhty in the treatment of schizophrenia are described in U S.

- Patent No. 4,831,031; and Aripiprazole (Abilify™), 7- [4—[4—(2,3~d1ch10rophenyl}-1-.

piperazinyljbutoxy]-3,4-dilydrocarbostyril (U.S. Patents 4,734,416 and 5,006,528) isa
new antipsychotic indicated for the treatment of schizophrenia. | ;

It will be understood that while the use of a single antipsychotic as a first component
coxhpound is preferred, combinations of two or more antipsychoﬁcs_ may be used as a first
coinponent if necessary or desired. Similarly, while the use of a single compound of
formula (I) a5 a second component compound is preferred, combinations of two or more

' 'compoilnds of formula (I) may be nsed as 2 second component if necessary or desired.

While all combinations of first and second component compouﬁds are useful and
valuable, certain combinations are particularly valued and are preferred, as follows:

olanzapine/compound of formula 1Y

clozapme/compound of formula ()

risperidone/compound of formula (I}

sertindole/compound of formula (1)

quetiapine/cormpound of formaula (I)

ziprasidone/compound of formula (T)
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- ‘._'.--_In gemﬁal, oombmatmns and methods of u-eahnent using olanzapmo as the ﬁrst |
' oompdnent ampreferred. Itzs espoc:allypmfezrodthatwhentheﬁrstcompouent is -
o) e,xtmllbeﬁm?onnl‘!olanzapmeasdescn‘bodmus Patent5736 541 R
' AlthoughFonnH olanzapme;spreferrednmllbemdersboodthat asusedhm:m the S

olanz.apmo embtaoes all solvato and polymoxphm forms mﬂess speclﬁcally

l

- Condmons that can be trealed hy the adjtmcuve therapy aspect of the present mvenuon I

s mclud¢ schizophrema, scluzophremfonn d:soases blpolar dasorder aoute mama, and

stive d:sordexs The titles given these conditions xepresont mulnplo dlsease

. | states 'i‘he follomng hst mnsu'ates a numberofthose disease states, many ofwh:ch are _ _. _ .
o classﬁ‘od in the DSM-IV-TR™. The DSM~N-'I‘RW code numibers for thoso dmase o
states eire supphed bolow whcn ava:lable, for the convemonce of the reader '

b

"Pm"iﬂm Schlzﬁphrema - - "..__?'_'.:'-29_5.30 _:f-: o
"DsttgomzedTypeScthophrema - : -_295-‘10--;_

a5

-'_--Unoﬁwmwscmmma o aese
| Resx&uixlTypeSohzzophrema e _29566_:_-_._-”

Sohlzoi?ﬁ'cchve])lsorder o 295 70'.' R

a The pre}sent mventxon a!so encompasses tho use of one ormore compounds of formﬂa (I) S
S im coml}matxon with ona or more conventxonal A.lzhem s agents for tho prevontxon or o -

7 treatme) ofoogmtive dysﬁmcuon in patients suffering fmm Alzheun er's dzme The - . _. .
L mvenuon also prov:des a phannaceuﬂcal oomposmon wlnch oompnses a ﬁrst component o S ‘

o _ -.___30-.'

that is a convcnnonal Alzheimer’s agent and a second component that i isa °°mpom 3 of :. -

'forxnul4(1) Convenuonal Alzhenner's agents include mhib:tors of acetyiohohne T
degmdﬁnon (x e ohohnosterase or acetylohohnestomse mhibﬁom) mthm synapses, .. g Lo

_t
R
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donepezil (Aricept®), rivastigmine (Exelon®), galantamine (Reminyl®), and tacrine

(Cognex®); the selective monocamine oxidase inhibitor:s'elegiline (Eldepryl®); and
memantine (Namenda ™), a newly FDA-approved NMDA receptor antagomst for the

" treatment of moderate to severe Alzheimer’s disease. Modaﬁml (Prov1g11®) is also used _

in the treatment of Alzheimer's dlsease.

The preseﬁi invention also encompasses the use of one or more compounds of formula (I) -

in copbination with onie or more conventional Parkinson’s agents for the' treatment of
cognitive dysfunction in Parkinson’s disease. The invention also provides a

- pharmaceutical composition which comprises-a first component that is a conventional

Parkinson’s agent and a second component tﬁat_is a compound of formuls (T).

Mirapex® (pramipexole), Permax® (pergolide), and Requip® (ropinirole); COMT
inhibitors- e.g, tolcapone, and entacapone; Selegiline (Deprenyl®; Eldepryl®);

propranolol; primidone; anticholinergics, €8, Cogentm® Artane@ A]nneton@

stxpal@ and Kemadrin®; and amantadine,

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

may be administered simultancously, separately or sequentially. Similarly, said
compositions encompass combined preparations for simultaneous, separate or sequential

use.

The texm “treatment” as used herein refers to both curative and prophylactic treatment of -
' disorders associated with norepinephrine dysfunction. 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 elimination of all symptoms, and is intended to include |
prophylactic and therapeutic treatment of such disorders.

X

" Conventional Parkinson’s agents include levodops; levodopa/carbidopa (Sinemet®); - -
Stalevo (carbidopa/levodopa/entacapone); dopamine agonists, e.g., bromocriptine;
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The qompounds of the present invention are also mdmated for the treatment of dxsorders

whc]# are ameliorated by an increase in the amount of norapmeplmne neurotransmitter
mthm the synaptic cleft of a mammal above that which would be considered to be normal
or dealrable for the mammalian species, or an mdxvxdual within the specias in question.

E
In amither embodiment of the present invenﬁdn, there is provlded a phamaceutical | _
comppsition comprising 2 cormpound of formula (T) or a pharmaceutically acceptable salt
theredf together with a pharmaceutically acceptable dlluent, exclplent or carrier.
In anqther embod:ment of the present mvennon, there is pmwded a compound of fonnu.la

!
-

In andther embodlment of ihe presant invention, there is prowded a compound of formula

- Mor $ pharmaceutlca.lly acceptable salt thereof for use 88 an mlnbltor of the reuptake of
_ norepmephnne Preferably such inhibition oceurs Wlthm mammalian cells (including
. -mamn%:ahan cell membrane preparations), especlally those found thhm the central and/or

penphFraJ nervous system. More preferably such inbibition occurs within the cells of the
cenl:ral nenrous system of a mammal, especmlly a human, in need thereof.
- |

In anohier embodiment of the present invention there is provided a compound of formula

@ or :{phmmaceuucally acceptable salt thereof for treating dlsorders assocxated with
norepxhephnne dysfanction in mammals. ' '
[

- In another embodiment of the present inveation, the;re is provlded the use of a compound
of fon:#mla (Dora pharmaceutically acceptable salt thereof for the manufacture of a
) medlc%.meni for mhlb_it_mg the reuptake of norepmephrme.

| _
In anoﬁher embodiment of the present invention, there is provided the use of a compound

of formula (l) ora phmmaceuncally acceptabla salt thereof for the manufacture of a
mequment for the treatment of dlsorders associated with norepmephrme dysfunction in

mammals

l
!
!
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. '_ In anothor embodnnent of the presont mventton, there is provldod a method for mmblhng co

. '_ - the reuptake ofnorepmephnne in mammals oompnsmg admamstenng toa patlent in need -
s thereof an eﬁ‘eohve amount ofa compounﬂ of formula (I) or a phannﬂceuhcally

'_' acoeptable salt theroof B

~

- In another embodiment of the present mventlon, thea'e is prowdod a method for n'eanng
_  disorders associated with norepmephnno dysﬁmotwn n mammals compnsmg L D
. -'admmmtonng to apahent in need thereof an eﬂ‘eot:ve amount ofa compound offormula SR

10 |

(I) ora pharmaceutma]ly aoceptﬂhle salt thereof.

. The present invention includes the phannaoeuncally aoceptablo salts of the oompomds of

fo:mula . Suitable salts include acid addmon salts, mcludmg salts formod with

n B morgamo amds for examplo hyﬂrochlono, h)‘dl'Obl’DmlC, mtno, sulphuno or phOSphono . n

- 15 L acxds or with organic aclds, such as orgamo caxboxyho or orgamc sulphomo acids, for

; _. examplo, aoetoxybonzom oltnc, glycohc, mmdaho—l, mandoho—dl, mandehwd, malem
" mesofartaric monohydmtc ‘hydroxymaleic, fumaric; lactobxomc, mahc, |

""methanemlphomc, napsylic, naphthalonodmﬂfomc, naphtmc, oxaho, pahmtlo, '

B phenylaoeuc, propionic, pyridyl hydsoxy pyruwc sahcyhc, steanc, succmlc sulfanilic,

20

30

tartaric-1, tartaric-dl, tartanc~d, Z-hydroxyethano sulphomc, toluone—p—sxﬂphomo, and

'xmafo:o acids.

~ The compounds of the present mvantlon may be used as med:omnonts m human or -:' o
. .vetennary medicine. The compounds may be adnnmoterod by various routes, for |
| example, by oral or rectal routes, toplcally or parenterally, for oxample byi inj ection, and .

- are usually employed in the form of a phaunaoeunca] composmon. : '

Such compositions may be prepared by methods well known in 'the pharmaoeutlcal art
and normally compnse at least one active oompound in association witha =~ _
phaxmacoutioaﬂy acooptablo diluent, oxclpxent or carrier. In makmg the composmons of

the present invention, the active mgrod;ent will nsually be mixed with a carrier or diluted -
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"by a er, and/or enclosed within a carrier which may, for example, 'aa in the form ofa’
- capsule, sachet, paper or other contamer Where the carrier serves as 2 dituent, it may be

sohd, sqinm-sohd, or hqmd material whtch acts asa vehwle excxplent or medmm for the

| active dlgredlent Thus, the conmomnon may be i in tbe form of tablets, iozenges, sachets

t:.at:ht:ts7 elixirs; susPanxons, solutmns, syTups, aerosols {asa sohd or in a liquid medimn),

bé

ointments containing, for exemple, up to 10% by wexght of the active compound, softand '

hard gelatin capsules, siappositories, m;ectmn solunons and suspensions and sterile

packag%d powda:s
o4
!

Some ekamples of suitable carne:s are lactose, dextrose, \?egetabié oils, benzy! alechols,
) ‘ﬂk)’len? glycols, polyethylene g]ycols glycarol triscetate, gelatm, carbohydrates such as .~

starch apd petmleum jelly, sucmse sorbitol, manmtol, starches, gum acacia, calc:um =

_phosphéte alginates, tragacanth, gelatin, syrup, methyl cellulose, methyl- and propyl-
| hydrobenzoate, talc, magnesmm stearats and mineral oil. The compounds of formula 1§48
15 -
) pmduct:ion of i mjecnon preparatmns The prepaxatmns mdacated can be stenl;zed andlor

can alsd be Iyophﬂxzed and the lyophﬂxzates obtamed used, for example, forthe

can coniam auxiliaries such as Jubricants, presewatwes, stabilizers and/or wettmg agents
emulsnfiers, salts for affecting the osmotic pressure, buffer substances, colouxants, -
ﬂavomhgs and/or one or more further active compounds, e. g. one or more vztamzns

Compoqmons of the mventxon may be formulated 50 as to provlde, qmck, sustained or -
- delayed lmlcase of the active ingredient after admxmsuatmn to the patler.tt by employmg
| procedures well known in the art. ) - : -

i

' The conjpositions are preferably formulated in a dosage unit form, cach dosage wit |
* containihg from sbout 5 to sbout 500 mg, more usually about 25 to about 300 mg, of the

active ir*gredient. ‘The term “dosage unit form” refers to physically discrete units suitablé :
as umta:ny doses for human subjects and other mammals, each unjt contaxmn g8
predeter;nmed qunntlty of active material calculated to produoe the desired thezapeunc
effect, n} association with a suitable phannaceuncal carrier. '

e e e e e mim
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- Compounds of the present mvent:on may be prepared by convennonal orgamc chmstry : - L

- techmques General schemes outlmmg the syn:heuc routes to compounds of the present
-mvenhonaxedescribedbelow Forclamy, Rx,Ryand Rzare shownas H, homver, it AR
- wﬂl be apprecxated that analogous methods could be apphed for other possible 1dentmes N U
-ofo RYandRz. | L

s :shown helow (where P represents aN-pmtechng gmup and R‘? and RS, whwh may be the e N
. 'same or dlﬁ‘arent, eachrepresmt C1-C4 a]kyl (opuonally suhshtnted withone OMe. "~ . © 7
group), or, taken together with the N atom to wl:uch they are attached, form apyxrohdme, o

protected ethanolamme is remted thh 2-chlomacrylomuﬂe to glVe achhael adduct S

s Whlch is then treateﬂ in situ with & basa, such as potassmm t«bntox:de, togivea
. :compOm:d of formula (X). "The “03‘111""‘“1d of formula (X) may then be hydmlysed m
o HzSOJethanol to give the ester of fomula XD- ‘This in turn may be converted into the -

SR -'Wﬂmeb amide of formula (Xﬂ) by addinga solutxon of (Xl) toa prermxed soiunon of -

e _.'N,N’ -d:meth)'thdroxylamme and tmnethylalumzmum. Altematwely, the compound of A
T formula OO maybehydrol}'sedm HinI-ICI to give the acid of foxmula &V This in tum L
oxalyl chioride or SOClz to prcwde au acyl chloride which is then reacted with an ammﬁ i :

may be converted mto the amide of formula (XV’I) by reactmg a soluuon of (XV) thh

R ofthe formula R‘?RSNH such as dlmethylarmne or mozphohne The prefen'ed



SRR “Pmtetwe Gmupsmorgm Synthesis”, Theodora W, Greeneand Petsr GM Wuts,‘-.._' S
e }_Jolm Wiley&Sons,Inc Naw York, 1999 pp494~653 Bmzyxwanespemmyprefmed

g . - ;1.'9\'_'._72. ) pmmcted wmpnmds of formula (1) whmn x is NHz may be pwpmm fmm
S compqnnds of formula (X) as shown below o

t m mmd SR
G _.__..___'_"xnmur$Ame mtermedlate(}{) lstwatadmthauexcess ofthe rigner |
. ArICH;MgBr to provide anN-pmteetedcomponnd offormula(l)whermX:sNHg audf-
15 RI zsdH;Afz whermnAtZﬂArl InmuteBthemerm&dmtep{)mh‘eawdwlth oue T

" _equivalbnt of the Grignard reagent R1IMgBr followed by onic éqinvéiant of the Grzgnard G
s _-:._'_-:';-:‘_:._reagent‘ArICI-I;MgBrtoprowdeanN-pmtecwd eompomul of formula(thmmXxs :

S N Altematrvaly, fhe Grignard reagent Ar1CH;MgBr may be added fist followed by -
Ve I'--RlMgdr Preferably,aLms amdmwhas t:tammn mopropmnde 1saddedto the:eacnon.- C




.;I_ntennadxate{)ﬁ)xsmtedmthmexcessofthe Gng:ardmgentArlﬁHzMgBrm
'prav:de an N—protected componnd of formuia (I) whmx 18 OHande is CI-I;A!:Z

N-pmtected cnmpounds of fonnu!a (1) wherem X is OH maybe prepared ﬁ'om the
‘j; Wéinre’o am:(ie of fonnula (xm or the amtde of fo!mula (xvn a"s shown below

__Z-_-__.'_'._'_::;'.-.-Toasolutmn of (XID or(XVl)lsaddedam}utwn of ﬂ:temqms:te '. d reag at
A '_\.'_f:--RIMgBrto prowde, qnworkup,acompmmdofformulacﬂﬂ) Whenthereactmn‘: AL
o condoted using the preferred mtzomem (Xﬂ)b or(XVI)bxt mth retenuon of '
s '_s.'-.._'.i-stereochemlsh?topmvxdeMb e Lo e e




R Whm &he mcuon is conducwd usmg ﬂze pmfeued enantwm (xm)b the raactxon

a 10 o _A soluﬁnn ofN-pmtected mmphohnone 1s txmted w:th a su'ong base such as hﬂnum

RTINS : omdau{m of the alcohol using, for example, Swem ox:danon condmons, pmmdes a

L l 5 P 'schemdﬁprowde . N- protected compomd gf fommla (l) Whemn X is OH

e WO2BQSTZTY oL T T U porusaenaneszrs o N F

. o Ta.a _S _I!Itlon of the ketcne of fo:mula (XﬂI} -3 added a soluhon of ﬂle Gngnard xeagent {".f:
L - ..rtopmwdemN.pmtecwdcompoundofformuﬂa(I)whman OH.

d _' simeiecnvely to provxds an N-pmtected cnmpormd of fonnula (Ii) whetem X'

" diisopropylamide. To this solution is sdded an aidehyde R1CHO: Reduction of the
R moxphAhne cm'bonyl group usmg. for example, bomne»—TH’E‘ complex followed by

d ¢ ffonnula (xm) whxch can be reacted onwav:d as descn'aed in the pmvmus

i '_’-;N-protAozed compozmds of tbe present mvennon whmm X zs CI-C4 a!kaxy, may be

'_.ZX-#OHésshownbelow ';-; '-

P
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aE
verqilon nf 1 moWemreb anndez followed by treaiment wzthasmtable Gngnard

e o : reagent eads to keﬁones of formula (XIII) Wheranl’ ls benzyl as hsted m Table 1
g e S : S

!
{
|
I
b
RN




O wommsesm L ey L7

compm dﬂ
: i (Ketone) -

o 333-tﬂﬂuuropmpm Bl

44Mﬁumbbmﬂ
cvdopmwl I
I SIS el Tame:” T
._;Cyclopmpyl-subshmtﬁd ketone 77 may altemahvely be obtamed from N“bmzyz_:- :
B .-.m"fphﬁhmneasouﬂmedh&hemez L

% A 8} ol @l N o of & :.,

. S Schamez et
o 'I‘mat_umt of the N-benzyl-moxphnlinone vnth a sunngbase such as hﬂnum G TE
B B -_.fdusopropyla:mde followed by addmon of oyciopropyl methylnidehyde gzves 75';! SRR S
o : Reductxon of 75 wzth, for exampls, borane-THF complex g:ves 76 Addmon of a solnt:on"
S cf 7 tu a pre-mlxed solut:on of duneﬂ:ylsulfo:dde and oxaly} chloride pmvxdes 'n v

_ -" Reactlon of ketonas hsted m Tabie 1 'Wlth a smtably subst:tuted benzyl Gngnard reagent
S gwes N—benzyl substnuted tert:ary alcohols Ilsted m 'I'able 2 (wherem R2, RS and RG arej_
B H mless othervise mdm:ad) asm;ﬂmedechemea e
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Debcnbyimon and salt formation as detailed i in Scheme 4 leads 10 the tertxary alcohol
salts hsted in Table 2 (wherein R2, R.S and R6 are H unless otherwise mdlcated)

Nre

Scheme 4
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| Isobutyl

Table2

© WO 2005047272 ~ PCT/US2004/032771
w43~
T o ~ | Compound# [Compound#]
. iExample "Rt R2,R5,R6 | {N-Benzyl | {HCISailt) |
- methyl - . 2-Ph~ N
T2 T ethyl 2-OMe,5-F - 43 14
3 “ethyl 2-OCF4 15 16
4 ethyl 2-Ph - 17 18
5 isopropyl 2-OMe, 5-F 19 . 20
B isopropyl " 2.0Me__ 21 | 22
7 . isopropyl’ - 2-QFt 23 .24
B " isopropyl - 2.0CFs | 25 26
8 isopropy}  2Ph 27 28
10 1 isopropyl - 2-Ph, 5-F - 29 - .30
o1t isobutyl 2-OMe, 5-F 31 . 32 -
12 __lsobutyl - __2-0Et 33 34
13 “jsobutyl 2-OCF; 35 3
14 isobutyl 2-Ph 37 - . 38
15 isobutyl 2.Ph,5F | 39 40
16 cyclopentyl 2-OMe, 5-F |- 41 42
17 cyclopentyl 2.0Et ~ | = 43 44
18 - cyclopentyl 2-0CF; | 45 - 48 -
19 coyclopentyt | 2Ph A7 48
. 20 .. eyclopentyl - 2-Ph,5-F A8 50
" 21| tetrahydropyranyl | 2-OMe, 5-F N 52
22 - tetrahydropyranyl 2-0CFs _ 53 54
23 | tetrahydropyranyl { -~ 2-Ph - - 56 -t 58
24 tetrahydropyranyl | 2-+{3-F-Ph} BT - . 58
25 13,3,3-riflugropropyl] 2-OMe, 5-F | 59 - - 60
- 26 . 13,3,3-tifluoropropyl 2-0CF; | 81 - 62 .
27 |3,3,3-rifluoropropyl 2-Ph- 83 64
] 4 4, A-trifluorobutyl § 2-OMe, 5-F 65 86 -
29 | 44Arifluorobutyl | 2-Ph 87 68
30 cyclopropyl 2-0Me | - 689 70
KD cyclopropyl |~ 2-OEt 71 72
32 cyclopropyt 2-Ph . 73 74
35 n-butyl 2-OMe_ g3 _ 84
36 | n-butyl “2Ph 85 86
- 37 ~ isobutyl 2-Cl, 8-F 87 - 88
- 38 2-Cl . 89 90
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: The. compmmds of Examples 1to 32 and 35 to 38 can be obtamed in enannomenca]ly

pure form via this route using clm'ally pure osher 1. Resolution of 1 mto its enmuomors _
can b? achieved through chzral HPLC. Conversion of the ester to the Wemreb amide doos o

- not disturb the chiral center thus providing chirally pure amido 2, Convers:ton of the
Wan%eb amide to the ketone also does niot disturb the chiral center thus pmwdmg chxra!ly_ 2

- pure Ketones 3 to 10, 77 and 82, Altematwely, ch:ral separatxon may conductod on the R
' anudciz through chiral HPLCto provide 1ts enantiomers, Alternauvely, chn'al separauon o
may conducted on the ketones 3 to 10, 77 and 82 through ohu'al HPLC to provxde their

- enanu?mers Chiral separanon of the ester, amide or ketones may also be achicved by

‘other fechuiques known to those skilled in the art, suoh as ﬁ'acnona] crystallization of
diast omeno salts formed with chiral acids. Addition of the benzy] Grignard reagent

~ {(Schefme 3) is a stereoselective process and gives predommanﬂy one daasteroomor with :

| - only s*nall amounts of the second dxastereomer No ep:monsatlon is. obsewed dunng _
B removﬂ of the benzyl group. Altomahvely, enanuomencany puro products are obtamed 3

20
o TI-IF-;tetrahydrofuran - .
2 $ 2—methy1totrahydroﬁ1ran |

“25
o _' 'LCMS* Tiquid chromatographymass spectroscopy

30

_ througb conversion to an N-protected analogue such as butyloxycarbonyl o
. carbobenzyloxy followed by separahon by chiral HPLC. Removal of the N—proteotmg

. .group ieads to enantxomencany highly ennchod products

= i
Inthe oxpenmantal procedures described below the foﬂowmg abbrevlatlons are usod

LC l== high performance liquid ohrmnatography

DB dusobutyl aluminium hydnde
DCM:daohloromothano . | | | R } o
FIAY (or FIA-MS) = fast—romsatzon—aualyszs mass specirometry e

NMR ==l= nuolear magnetic resonance
MW= %noioclﬂar weight

" MeOH = methanol

EtOAc ‘or AcOEt = ethyl acetate |

_PS-DEA = polymer-supported dnsopropyloﬂlylamme
l
b



L __'h.hrorhrs hom-orhoms L
_f-'f._-:_'.s5"_'_'.:mmormnmﬂmmuteormmutas A

gt _'-DMBA=NN-dIme'-hYl°mm°1amme

s 'I‘he analyﬁcal LCMS data reported mfm either o

B o .:',hold for 2 mmutes,

 womesmmiz R P*'—‘Tmsm*‘m”'“éla

Cas

o DEA dlethylannne
RT=retentwnhme
z=carbobmzyloxy

S _. com mmc o

_ *dlastm'eomencexcess ST
eqorequw ==eqmmmt _. | :
""'-"_""10-.5-'-’: MF==drmethy1formmde

a L 'NHsaq = 25 wt% aqueous ammoma _
e Tmass = tempaanne of thc macnon mmxtm'e

:_-"(1) a6 mmute mn, perfozmed on a colmnn (C18 50x3 mm Sp.m) usmg a gradnent [90% Tl e
-'_'-};__f_"HzO (+ 0. 04% fonmc acld) to 90% ACN (+ 0 04% formm amd)] over 4 mmutes md then o

PR (&) @ 12 rnimute rum, performed ona cohmm (Cls 100x3 mm S}m:l) usmga gad.teut [90% '-.':i S
20 ‘. HZO(+ 0.04% formm ao:d) to 90% ACN (+ 0 04 % ﬁormlc ac:ﬁ)] over 9 mmutes and then' : A
’-_.holdfors mimtes. oo ST e T

L 25 General Procedare 1 Preparatinn ofN-benzyl morpholine alkyl ketones A

N _.___:;;:___,_.:;: '.mqmmtemmmgent(méeqmoneortwo ahqwots) 'Ihereacﬂonmmmrem

B : K “To a soluhon of the ca:rboxannde 2 in anhydrous ‘I‘HF at O“C ls added a solunon of the -

- o --.iallnwedto warmup tomomtempﬂature and leﬁ st:mng for 45 nnnmes to 2 hours before__ |
o R quenchmg mther thh M hydrochlonc aczd ot saturaled ammomum thonde soluuon and
30 : - exn-acnng eaﬂaer in DCM or ethyl acetate ’I'he combmed orgamc laym are dned over - -
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*i 46-
t

ketones 3-10, 77 and 82
:

|

. Genetal Pmcedare 2 Preparat_ipn of N-benzyl i_a_erﬁai‘y alcohols S

[
{ -

D

magnf,smm sulphate, filtered and concentrated in vacuo to give the correspondmg alkyl

To as%tuﬁon oftheketones 3—10,7‘7 andsz manhyd:musTHFatO"C is addedasoiuhon |
- of the peqms;te beuzyl Griguard reagent (1 1-1.5 eg). The reaction mixture i ls aIIowed to
‘waim ilp to room temperature and left st:rnng for 1-2 hom:s before quenchmg by addmon o
- of cold water. After extractlon of the aqueous layer in DCM, the combined orgamc Iayexs
are wa{ahed with bnne, dried over magnesium sulphate ﬁltered and co::centrated in vacua o

. to givelthe tltle N-benzyl tertiary alcohols Purification detaﬂs are hsted for md.wxduai

. o compo&,mds

15

20

30

e

s

" Geaerql Procedure 3: Debenzylation of N-benzyl tertiary aleohols

Toa solluuon of the requisite N-benzy] tertiary alcohol in anhydrous DCM is added sohd R

' .mpporqed Hiinig’ s base (Azgonaut, 3.56 munol/g, 2-4 eq) and a~chloroethy1

'heated to 40"0 and the reactmn 1s monitored by FIA and LCMS analyms After

) _.compleﬁmn the reactxon mlxture is ﬁltered., and the resm washed with DCM. 'I‘he N
'combmbd orgamc phases are concentrated in vacuo. Methanol is added and the solutmn
'heated t? 60°C for 1.5 to 8 hours. After complete consumpuon of starting material the

B chlorodmnate (3 to 10 eq) at room temperamre under mtrogen. The reaction mixtlne s

methanél solution is evaporated to give 2 product, which is further punﬁed as detaﬂed for -

' mdmdlj'al compmmds

' _T Gener Procedure 4: Conversmn of amines into hydmchloﬂde salts

Toa sox{mon of the requisite amine in dry diethyl ether (5-10 mL) is added hydrochlonc

acid (1.2 eq, 1M solut:on in diethyl ether) Ether i is blown off witha stream of nitvogen or -

or ﬁeezei-dned (acetomuﬂe!water | ¥ [vhr]) to give the hydrochlonde salts innear -
quanhtatlwe yield. -
l

{
S
]

: 'mmovecq in vacuo and the samples were either dried under hlgh vacuum for several hom‘s . o
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General Pracedure 5 Prepsraﬁon of Grlgnard reagen!s and benzyl Grignard
reagents B : Lo e 5
Such reagents were prepared from the reqmmte hahde or benzyl hahde nsmg methods - o
_known fo those skll!ed inthe art (sea for example F:eser, L.F and erser, MUE. 'Reagents LR

: | for Orgamc Synth John Wlle}’ and Sons Inc. Vol 1, pp 415-424 or March, I

' “Advanced Organic Chemistey”,  Jobn Wiley aud Sons Inc., 3* Ed, pp: 558-561). The

. _&Benzy!—morphomz-carbanm’ile

L . reqlus:te hahdes or benzyl halides were erther commemmlly avaﬂahle or prepared usmg
o prekusly pubnshed hteratuxe meﬂmds | | -

0 'thes

o
o

U _-.-'.Aona—lr&ereactorwnhmechamca!shmng,cmledbymlcebath mchargedvnfh
150

N- bmzylethanolammc (1‘?2.2 1 equiv. avaﬂable from AIdnch Chem:cal Company) 2- .

IR _. Chlomacrylomtrﬂe (100 g; 1 equiv. available from Aldnch Chemical Company} is added

.' ""dropw:se over 2 mmutes 'I'he temperature 1s mamtamed between 23 "C and 29 °C by .

- means of the i we bath and subsequenﬂy a water bath at 15 oc Aﬁsr one night stunng at

SR : "‘-*—'-_._' oo tempmtm'e (water bath), thenuxture is dxssolved in tetrahydmﬁm and tmnsferred .
o200 E

to a 2 L reactor whmh is cooled to 5 °C by meJNaCI bath. The total volume of

. -tetrahydroﬂzrm is 1.35 L. Potassium fert-butoxide (143 g 1.1 eqmv ) is added by pomons

B over L hour, keepmg the reacnon temperanre at 02 °C Aﬂer 1 hour post-smnng at 0

o "C the m;xmre is quenched wzth saturated NaHCO; (500 mL). The aqueous Iayer s
= -extracted mth dxethyl ether (500 mL) Orgamc layers are dned over MgSO4 and -

R the 250 g dry residue on 1 kg of Ssz, e!utmg thh the follomng gradient

| evaporated to dryness. The title compo:md (249. 8 g 65%) is obtamed aﬂer pﬁcolanon of

- 5% ACOBt ~ 95% theptane o asL
IO%A_{:_OBt. 90%n-heptane,_ S 21_,_ DR



WO 2005/047272 | . PCT/US2004/0327T1 ‘,_(_j:lﬂ

%
}
!
I .
| . .
| 15% AcOEt — 85% p-heptane 2L

| - 20% AcOFt-80%n-heptane  SL
A_lteng:ahvely, this intermediate may be prepared as follows:
A 16Q0 L glass-lined reactor under N, is successively loaded with 2—chloroac1ylomu1le
(33.2 ch, 379 moles) and toluene (l 14 L) at 21°C. Then, N—-benzylethanolamme (57 kg,
377 zq!ola:) is added and the reaction mixture is post-agitated at room temperature for -
about 7-h. ‘Then, the mixture is diluted with toluege (336 L), cooled dowa to about — 12

- °C anc} potassinm t-butoxide (42.3 kg, 377 moles) is added in port:ons (10) maintaining

about -L 13 °C < Tmass < about -2 °C. The mixture is post—agxtated at about 0°C for 2. 5
h, the:i quenched by adding water (142.5 L) maintaining about 2 °C £ Tmasgs < about 8 -

- eC, ’I'he aqueons layer is separated after 35 minutes of post-stirring allowing the mixture -

10

15

20

25

to reach 15 °C and the toluene layer is washed with water (142 5 1) and the aqueous layer
is sepa*ated The organic layer is then concentrated under reduced pressure (150 mbars)

. maintaming Tmass < 60 °C in order to distill 162 kg of toluene. The filtrates are then
' dﬂutediwuth toluene (114 L} and treated with §i0, (Merck silica gel 60, 0.063-0.1 pum,

74.1 ké) under agitation af rootn temperature for 1.25 h. Si0; is filtered and nnsed with
tolue_nel (2x114 L). Then, the filtrates are concentrated under reduced pressure (150
mbars) ?naintaining Tmass < 60 °C in order to distill 351.8 kg of toluene.

_4-Beudfl-morph oline-2-carboxylic acid hydrochloride (91)

i, :
t . O]ioﬁ
i
a @J Ho
I . .

- A500 n‘L.L reactor under N is successively loaded with toluene (35 72 ml) and 2-

chlcmac‘rylomtrﬂe (10.7 g, 122.23 mmol) at room temperatme Then, N-benzyl

K 'ethanolamme (18.36 g, 121.14 mmol) is added over 5 min and the reaction mixture is

post-aglﬁated at room temperature for 16h. Then, the mixture is diluted with toluene
(110.16 nL), cooled to — 5°C and 2M potassium tert-butoxide solution in THF (121.14
mmol) x% slowly added over 30 min, maintaining the temperature at - 5 °C to 0 °C. The
mixture is post-agitated at about ~5°C to 0°C for 1h, then quenched by adding water (45.9

mL). Th,e aqueous layer is separated and the toluene layer is washed with water (45.9

i
!
|

-
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L) and then the mixture i allowed to warm to room temperature. The organic Iayer is
then ooncenn'ated under rednned pressure at 40°C. Then, the :mxmre is dﬁutad with

After crystaﬂlzanon of 91, the solid is filtered, rmsed wlth 6N HClaq (40 mL} and dned

-under reduce pressure at 40°C (1%9g, yxe}d = 61%)

N-ben@i-&’—(mmpkalia-#—carbm yl)-mmpkoline I!ydroclzloﬂde (9‘2)

C
‘ @J et

A 250 mL reactor under Nz is succasswely Ioaded with 91 (5 g, 19 Al mmol),

\ dichloroethane (50 mL), DMF (. 014 1L, 1% mol) and oxalyl chlonde (1 86 mL, 21.35 §

o mmol) The mnmn'e is heated up to 60-65°C for 2h, before being cooied to 0°C. 'I“nen, - o
~ morpholine (6.93 g, 79.60 mmol) in dichloroethane (20 mL) is added aver 15 min

SR keepmg the temperatura below 10°C. The heterogenaous soluhon is post-agxtated for .

- 1h30m1n at room temperaturs and quenched with water (30 mL) The biphasic m1xture is -

" ﬁltered ona Hyﬁo Super Cel@ (10 g), then after separatlon, the organic. layer is '

conoenirated under reduce pressm‘c 'The mixture is taken up with 1sopmpanol (80 mL)

and 12N HCIaq (1.61mL, 19.41 mmol), stured for IOmm and concentrated underreduce |

pressure, The mixture is taken up with 1sopmpaaol (13 mL), heated to reﬂux untﬂ a

4—Bemi4nomhoﬁue-2—¢m‘bm:ykc md et)‘: iyl ester i
EO
N

g

(exoﬁaenmc, mtema] tmnperature rises &om ambxent to 65 °C). The mixture zs then

7

" toluene (100 mL) and extracted with 6N HClaq (162 mL). This aqueous layer is heated up o
tothereﬂuxforlhBO thmthammhxrmsalluwadtosﬂratmomtempemureovamlght. |

. homogeneous solut:on is formed, then 1t is cooled fo room temperamre The prec:pltate is k o : i
filtered, rinsed with isopropanol (10 ml.) and dried under vacium at 40°C overmght o |
- obtain 92 as an off-white powder with 79 Y% overau ymld o

E A stirred solution of 4-$enzy'1—morpholine-2—cgrbonitrile (1 13. {}Ig@.'o 56'mo'l): in ethanoi R
- 1030 mE) is treated w:th concentrated sulphunc acid (165 mL) added in portmns
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wa:medunderreﬂmcforﬁﬁhrs Thesoluhonxscooiedandthmconccnu'ated mvasnoto : -

e e
N

halquoiume, baaxﬁed wlt.h aqueous potassmm carbonate (bewm ﬁ'othmg) and the

pmdlict extracted into diethy] ether. The orgamc phase is dried over magnemum sulphate S

ﬁltenidandevapomtedtodrynessmmuotoyxeldanml Thxsmatenahsevacuated

- further under high vacnum, Yield = 121.3g (87%). S
o :.Altenianveiy,compmmdlmaybesynﬂzeslsedasfoﬂows e c
I. ZA 100[1, mctor aﬁached to ascrubber filled with IN NaOH (60 L) is cha.rged undet

- mtrc@n aﬂnosphare mth &henzyl-morphohn&fl-carbomtrﬂe ( 1867 g, 9.23 mol) and

| e»fhmdl (ZOL) AtTmﬂBS‘“ls- Oqc concenh‘ated sulﬁme ECId (2 7614501!101) madded IR
10

S cooled%to Tmass = 20-25°C Water (40 L) is added over 25 min followed by NazCOJ

R solution (172 saturated, 18 L) and NaHCO; (1/2 saturated, 7 L) to reach a pH ~ 7. Ethyl . RO
e ,acetateus added (15 L)mdthephasmmmmedibrlimm. Theorgamcphase:s T
Isepara:tsad and the aqueous phase is exh'acted with ethyl acetate (2x10 L). The combmed Lo

- orgamd layers are evaporated to dryness under vacuum to gwe 1 as a yellow to brown 011 |

(1992&‘ 87%)

o _: e 4-Benz*rl—marpkoline-2-carbmyfrc acfd ethyl ester (.Zb)

s
S
-i -'..
]
1

‘

§ _ _: Compm)iud 1 may be separated mto its enanuomers by chn'al HPLC under the foﬂomng " | _
Ll condmohs Dalcel Clumlpak 01 20p.m, 250m, 100 % EtOH + 0.3 % DMEA, D 4 mL{mm, g - )
S detect:o? at 260 nm. The desmad enantmmer 1bis the peak elutmg at R—r = 20 25 min. i ) e

e :_ '_ £ J-Benzy(-mmphokuaz-carboxykc acid metkoxy-methyf-amide (2)

|
!
i
{
1 _
A
!
§
f

to the iwlutmn over 20 min (hxghly exothermlc) The soluaon is heatedto reﬂux for 2 5 o
R dﬂYE ‘Fhen, 10L ofsolvent is distilled oﬁ‘under vacumn and the reachon mixtureis - :



o
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“51-
To a stirred suspension of N, N-dlmothyﬂlydroxylamme (6.6 g, 67.6 mmol} in anhydrous '

DCM (200 mL) under nitrogen at 0°C is added dropmse a soluuon of
trimethylalurninivm (2M solution in hexane, 34 mL, 67.6 mmol) over 30 minutes. The .

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

solution of the ester 1 (6.74 g, 27 mumol) in auhydrous DCM (100 mL) is then added

' dropmse over 30 minutes and the reaction mixture is left stlrrmg overmght before
| quchmg 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 -
with water. The aqueous layer is re-extracted with chloroform and the organic phases are

_combined, washed with brine, dried over magnesium sulphate and the solvent evoporaiod -

in vacuo to give 2 as a yellow oil. Altematively, the reaction could be wo_rked up as
follows: upon addition of 2 solution of the ester 1 (1 eq) the reaction mixtuce is left
stirring for 1 hour before quenching by addition of phosphate buffer (dmsodmm hydrogen

phosphate, pH 8) solution, followed by addition of watér. The agueous layer iste-.

- extracted with DCM and the organic phases are combined, dried over magnosmm

20

25

sulphate and the DCM evaporated iz vacuo to give 2 as a yellow 011 (3.36 g, 47 %). MW

' 264.33; C14HzN,03; "H NMR (CDCly): 7.47-7.22 (5H, m), 4.5 (1H, d, 1.5 Hz), 4.00

(1H, dd, 11.5 Hz, 1.7 Hz), 3.75 (1H, dt, 11.5 Hz, 2.2 Hz), 3.65 (3H, 5), 3.56 (26, m), 3.17

 (3H,s),2.93 (1H, d, 11.3 Hz), 2.68 (1H, 4, 11.3 Hz), 2.30 (2H, 11.3 Hz); LCMS: (6mm

method) m/z 265 [M+H]", Ry 0.65 min.

4-Benzyl-morpholine-2-carboxylic acid methoxy-methyl-amide (25)

. .
(oj W
O~

.

-'_Compon 2 may be separated into its enantiomers by chiral HPLC under the following -

conditions: Daicel Chiralpak OJ 20pm; 25cm; n-heptanc/isopropanol 80:20 v:v; 0.4
mL/min; detection at 220 am. The desired enantiomer 2b is the peak eluting at (RT =
7?7?77 min). Alternatively, compound 2b majf be synthesized sﬁbStantiaﬂy as described
above for compound 2 using compound 1b in place of compound 1.
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1

 2-Phenyl-5-fluoro benzyl bromide

0

A
b

b
o
i
i

F

The t;tie comp ound is prepared m 5 steps from commercxally avmlahle (Aldnch) 5 - :
- ﬂuorosrmcyhc acid followmg htemture procedures (JACS 2000, 122, 4020—4028) MW

265, 13; CraH1oB1F; "H NMR (CDCl,): 7.48-7. 38 (5H, m), 725-7 19 (18, m), 7.05 (m,

. td,BBHz 2.8 Hz), 4.39 (2H, s); '%mmnch) 11472, o

(S-F‘laéro-z-meﬂmxy-pmyl)-methml .

T | | HO/\©

r

2 To 2 saluuou of 2-methoxy-5-ﬂuombenzaldehyde (11 093g, i eq, avmlable ﬁ‘om Aldnch Lo
| Channqal Compauy) in methano! at ~10 °C wnder nitrogen ahnosphere is added NaBI-L, |

. (7 SISglr 2.7 equiv. ) portionwise. The solution is allowed to warm to mom temperamw

~and 30 minutes the reaction solvent is removed under reduced Pmﬁ‘sur: and replaced - L
 with di ommethane This solution i 15 poured onto ive water and further axtracted with

- dichlordmethane. The organic fractions are collected and dried (MgS04) and the solvent

15

: . removeﬂ under raduced pressure to give the nﬂe compound as an oil (9.794g, 87%) M‘W

C156. 16; iCaHgFOz, 1HNI\/IR(CD'Cls) 2.58 (m, 1H), 3.81 (s, 3HL463 (d, 28, 63Hz),
L 678@4,1H,39Hzand43Hz),694(td,1H,35Hzand31Hz),7o4(dd, 1H,37Hz

'_ '.5 ﬂuoré-z-meﬂwxybenwl cbloride

. _ _

F : o
Neat (S-iFIuoro-Zmethoxy-phenyl)-methaml (19.587g, 1 equ:v }is added to neat SOClz

422 mL, 4.6 equiv.) at~78°C wnder a nitrogen atmosphiere and the solution is then -
allowed to warm to room temperature and stirred unt:l evoluhon of gas ceases. An

eqmvalmt volume of anhydrons toluane is added to the ﬂask and the solubon heated o

oy
t.



o 60°C Oncoolmg, the reactmn sohihon is poured onto ice water The toluene Iaya- is o B | L
.- sepasated and dried (MgSO) and the solveat removed unie redused pressure. The crude R
- i'_.‘".‘.matenal is sublimed (60-80°C/0.05 mBan) to give the title compound asawhitesolid R
Lt (1340 g, 61%). MW. 174, 60; c:sHscmo ‘1—1 NMR (CDCls) 387 (s, 3H). 4 60 (s, zH),
..'-_5_:-__-'579.720(13,3}1) S | g T T
Tl 'z-malmg:-s-ﬂuombmzyl maguesium bmmuie

P -"';_;_-Magnesm farmings (21 6 0. 888 mole, 2eq ) and dzethyl ether (300 mL) are Ioaded in. S
% areactorunder Ny, A solution of 5-flioro-2-methoxybenzyl chloride (116 g, 0.664mol, <
LTI 15 e ) in diethyl efher (200 mL) is loaded in an addition furmel. Todine crystais ada-

- . o e small amount of the S-ﬂuuro-z-methoxybenzyl chlonde solut:on are added and the
R reactzon mzxtme is sm:red to nnttate the mactlon 'I‘he remamder of the S-ﬂuom-z R
- _'-Q_.f-'meihoxybenzyl chlonde solutlon is then added dmp-wxse mamtmnmg the tem;:emtana of | i
SR ‘the reaction mixture below 28°C. The mlxture is stured for another 5 mmutes at 19 °C . R
15 ‘and afier completion of the addition & white suspension is formed. S
L . 1-{4-thenylmethﬂ)mowIwkn«k}’ﬂefkm-l-oM (3) N

ey j-COmpound 3is obta:ned from 2 (o 730 & 2. 3 mmol) an& commemxally avallable -
o (Aldrick) methyl magnesium bromide (1M solution in THF, 3 mL, 3 mumol, 1.1 eq) o
L ( 8 .anhydrous 'I‘HF (25 mL) followmg Geueral Procedm‘e l afta‘ ptmﬁcat:on by automaied e o
- colimn chromatogrephy (eluent EtOAc/si-heptane 14/86—100/0 [v}) (03 8. 49%) MW
ERRERN LR .:235 33 CuHmNOz LCMS (6 mmuta method) m}z 220 1 [M-E-H] R—; 1 55 mm. o
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Compdund 4 is obtained from 2 (0.70 g, 2.65 rmol) and commerclally availsble
(Aldrich) ethyl magnesium bromide (2.65 mL, 7.94 mmol, 3 eq) in anhydrous THF (25
5 ml) fopowmg General Procedure 1 8s a yellow oil (583 mg, 39%). MW 249.36;
- C15H23N02 LCMS (6 minute method) m/z 234.4 [M+H]', R—r 1.78 min. .

o Z-Meﬂiyl-l-[4'-(phenylmeﬂ'zyl)marphaku-Z—yﬂpmpan—I—one (s)

4]

|
!
1
1
1

o Compo‘und 5 is obtained from 2 (3.018 g, 11.4 mmol) and commemally available
10 (Aldnch) isopropyl magnesium chloride (2M solution in THF, 17.1 mL, 34.3 mmol, 3 eq)
in THFt(I 00 mL), following General Procedure I as a yellow oil (2.68 g, 89%); MW

263, 38, C1HzsNO2; LCMS (6 minute method): m/z 248.2 [M+]" Rr2.41 min.

-Methyl-l -[4-ﬁokenylmetkyl)morpkohu-z—y{]bumn-l -one (6)
o o4
R SN
I : | k@

15 - _Compw;md 6 is prepared from 2 (10 g, 37 mmol) in anhydrous tetrahydrofuran (50 raL)
* and corhmercially available (Aldrich) isobuty] magnesium bromide (2M solution in
 diethyl pther, 56 mmol, 28 ml, 1.5 eq) following General Procedure I. After stiing for
" 1 hour tihé reaction is q!ienched by addition of aqueous hydrochloric acid (150 mL). THF
is remoired in vacuo and diethyl ether is added after pH adjustment by addition of a - '
20 satm‘atcd sodium bicarbonate solution. The organic phases are combiued, dried over
| magnes;um sulphate and the solvent is removed iz vacuo. 6 is isolated in 80% punty (8.7
g, 67 Almth respect to pure product). MW 261.37; CNII;;NOz, LCMS: (6 min method)
/2 262!.2 [M+H]", Ry 2.753 min. - -

l_
!



. compoundmpmmdﬁomz(sss g,lﬂmmo})manhymusteuahydmﬁm (120
. mL) and commercially available (Aldrich) cyolopeatyl magnesiurn bromide (ZM solufion -
5. in diethyl ether; 19.1-mL, 38.2 mmol, 3 eq) following General Procedure 1in R
o ':ﬁ:f-quantltahvesneldasyeuowoﬂ MW273.38 C17H23N02 LCMS(Gmmmethod)m/z 274
o DPEEReZ2ma o S
{mhmymj;z)mmphdbpz-yq(mkydm-m—pmwl)mmam (8)

10 :_:Compound 8is obtamed ﬁmn 2 (2 84 g 10. 74 nnnol) in anhyd:ous tetrahydmﬁn'an (30 e
. mlysnd 4~tetmhydropyranyl magnesium chioride (Chem. Ber. 98, 1965, 3757) (2M
~- solution in tetrahydrofurap, 6.5 mL, 13 mmol, 1. Zeq)followmg(‘}enemIPracedml Lo
N After 30 minutes further 4-tetrahydropyranyl magnesiurm chloride s added (2M solutmn S
e m dieth}’l ether, 6. S mL 13 momol, T eq) Aﬁer shmng for2 hours the raaction mlxtme 1s.':} L

S 15 ) quanched by addmon of ammomum chlonde so!utxon (30 mL) and ethyl acetate (30 mL) e

o N ',-'I'he aqueous layer 1s re-ext:racted w1ﬂ1 ethylacetate (30 mL) and the orgamc phases are "
o :dombmed, dned over maguesimn sulphate and the solvmts are removed m vacuo The
S resultmg remdne is punﬂed by ion exchange chmmatogmphy to give 8 as a yellow oit -
) @osg 9% %) MW 289 35 C;—;HENO;;, LCMS (6 min method) m/z 290 [M+H] $3%8 R =
""'3"26?'7-:"'-:'-':"230mm e T e
- "'.-.--IAltemauvely compound 8 may be prepared as follows :_f' _: B
o 2) Neutralization o 2._--:__ L S
"_-:92(97g):ssuspendedmmluene(wSmL)undemenhmcmmmngandsomm S
© carbonate (3.68 N, 97 mL, 12 equiv) is added. Then, the mixture is difuted with water L
.25 . ' '(194mL) and stm'ed for45 mms atroom temperature Then, thebxphaszc m:xttnms S o .
- _' ﬁltered on Hyﬂo Super Cel® and transfmed toa separatory fuunel. The aqneous layer is . i




to a mass of 348 g. Toluene is added (150 mL) and the orgamc layer is concemrated
3 | undertihe same condmons to a mass of 347 g The free base of compound 92 252 toluene
__ solunor: 15 then dﬂuted with anhydrous THF (300 g) and the sulutmn is ready to be added
* - to the Grignard reagent.

wo 205047212 | | o PCT/US2004/932771 @ ﬁ ;_'
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d:scarded and the orgamc layer (594 3 g) is concentrated under reduced pressure at 40°C

i

b) Fonhanon of the Gngmd reagent

o An metted 3 L 3-necked flask is charged with THF (50 mL) and magneszum tummgs (9

10

| g,OB?OmoI 1.25 equiv.). Thsmlxmxsheatadtol‘mass . 60°C and mdme(o 150g)
and 4—dhlomtetrahydropyran Q mL) are added. Inmatlon is observed wnhzn 5 mmutes
 Then, tpe mixture is heated to Trass = 63-68°C and addmon of remammg 4 o
~ chiorotetrahydropyran (39.19 mL diluted with 188 mL of THF) is performad over 1 hour - "
Keeping T mass constant at about 68°C. After 40 minutes of post-agitation, the reaction
| _rmxmré is allowed to cool 10 room temperature. -
o) Gngpard reaction S . -
“The toﬂzenefl‘HF solution ofneutrahzad 92 is added fo the Gngnard reagent at 20-25°c

o - over 45 min. The mixture is post-agztated at room tamperature for 1h. ’Ihen, the reaction, .
. mnrturt% is quenchedbyaddxtmnat{}-S"C to an acetic ac:dezO mixture (44 3 mL acetic
- acid anqi 245 ml. H;O) The aqueous layer is separated and dlscarded and the orgama '

- layeris washed with Hz() (60 ml.). The aqueous Iayer is separated and discarded and the
20

organic! layer js washed with 2N NaOH (100 mL). The aqueous layer is sepavated and -

' 'd1scard$d and the organic layer is concentrated under reduced pressm'e at 40°C 10 230 s

- The residue is taken up with IPA (l L) and concentrated as descn'bed above to yleld 230 g

25

| of8as efreebase

[4—-(Phe:nyimethyl)marphahn-Z-ylj(tetmlxydro-ZH-;pmn-‘i-yI)meﬂwnane («S‘b)
- d’io
i

An iner{ed 6L reactor is charged with THF (242.5 mL}, magnesmm (54.47 g,' 2240mm6!)

' _'.and 5% iof the total amount of 4-chlorotetrahydropyran (12.28 mL, 112 mmol} Then, a
o small amount of methyt mthde (0 5 ml.) and one 1odme czystal is added ’I‘he reactlcrn

i
{.
f
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mixture is stirred a:nd heated up to 64-66°C Aﬂer mmatron, the » remaining 4—

- chlomtetmhydropyran (233.22 mL, 2127 mmol) diluted in THF (890 mL) is slowly added

~aver 135 mins. The mixture is heated up for 30 additional mmutes before being cooled to -

© 0°C. Then, the Weinreb amide 2b (370 g, 1400 mmol) diluted in THF @777 ml) is added |

- 10

_ ove:r IBOmmsbetweenM"C andthemn:turelssmredforaﬁmharwmms 'I'hen, acet:c o

- acid (48 mL, 0.83 mmol) i added to the mixture followed by a 55/45: viv: saturated -

* NHLCVH,0 mixture (2590 L) keeping the temperature below 9°C. The organic layer is |

. washed with a 60/40; v/v: saturated NH40]/H;O mixture (500 mL) and, after separatlon,
_toluene (1800 mL) and water (1800 mL}) i is added to the orgamc solutmn. The..n aﬁer

‘extraction, water (1100 mL) is added to the toluene m:xtune which i is hamﬁed thh 3.68 M_ B |

. NaCOsaq (148 mL). The organic layer is dried over MgSO4, ﬁ]tered and concenuated |
- under reduced pressure fo dryness to yleld compmmd 8!: as the free base (400 8 g, 98 6%

~yield).

- Altematwely compound 8b may be prepared as follows

B R—(—)—Mandehc acid (1.65 -2 10.8 mmol) is added to a soluuon of 8 (3 15 g, 10. Smmol) in

‘ wopropanol (20 mL) After 2 min of post-agltanon, an homc:genous solunon is obtained
- at room tempemture Crystalhzatmnbegms a.ﬂaar 5 min ofpost-agltanon to form an easily
S st:rable susperision. This suspension is post-md for 21 hours at room temperature The

L sohd is filiered and Washed with mopmpanol {2 mL) The white crystals are dned under "

vacuum at 40°C over 5 hours to give 1.8g of 8b R-mandelate with 37.5% yield and 992%
ee 0 5NofK;C03 (2.4 L, 1.2 mmol) is added drapmse toast:rred suspenmonofﬂb R-
" mandel&te (500 mg, 1.13 mmol) in toluene (5 mL) A blphasw solutlot\ is obtained. The

o ﬁeebasa Sblsenhrelypresentmtheorgamc layer, Whlchlsseparated, concenimted oma

25

' mtovap and dned under vacuum at 40°C a&'ordmg 8b as an 011 wath 98% y:eld. :
_ 5,5, 3-n riﬂuam—-l -[4-@]1enylmethyl)mwphobn-z-yl]butaa-l -one (9) |

t:'fi

: Compound 9 is obtained fmm 2(1.38 g, 5.23 mmol) and 3, 3 B-mﬂuoropmpyl magnesmm :
_ brom;de (20,9 mL, 10.50 mmol 2eg)in dry THF (45 mL) follomng Geneml procedure
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 hours. The reaction mixture is then stirred at room temperatm'e for 90 minutes. Ice-oold o

b _
l. "5.8" o
| .

.!-

1 S,B,iﬁxﬂuorupmpyl magnesium bromide is obiamed fmm commercmlly available

(Aldnﬁll) 3,3,3-trifluoropropy! bromide following General Procedure 5. Pm1ﬁcatzon by R

ion exci:ange chromamgmphy gwes 9 as an oil (1 24 g 78. 7%) MW 301 31
C1sH;sF3N03, LCMS {6 minute method): mfz 302.4 [M-i-H] R-r 2 66m1n.

: 5 5,S-IHﬂuam-I-{4-(phenybneflxyt)mmphohn-z-yﬂpmm-l-oae (M)

; - o _ (ﬁ/\/cﬂ
I.'_

o Compw 10 is prepared froms a solution of 2 (0.717 2, 2. 71 rmmol) anhydrous o
tetrahydrrofuran (20 L) and 4,4,4-trifluorobutyl magnesium bromide (0.5M solutmn no
 diethyl ether, 6.5 mL, 3.25 mmol, 1.2¢q). 4 4 LTnﬂnombn_tyl magnasm__:_n bro_mde is
obta:‘ilegli from coniﬁmrcially available (Aldrich) 4,4 &niﬂubrobutyl bromide followihg'
- General Procedure 5. After 30 mmutes another 0.3 eq of 4,4,4-trifluorobuty! magnesium
 bromidd are added (0.5M solution in diethy] ether, 2.5 mL). After stiring for 2 hours the
o solvent% are removed in vactio and water (20 mL) and ethyl acetate (30mL} are added to
o -theresxdua The ozgamcphasezs wnshedmﬂ:bnne, dnedoverma@esmm sulphale and
the solvent is remaved in vacuo to give 10 as ciear oil (O 985 £). 10 is taken onto the next
step thimut further purification. MW 31534; C:d{zoNOsts LCMS: (6 min method) miz

316 [M-(-H] Ry 2.9min.

" 4-Benzylmorpholin-3-one

{

e R o

CA solut;lm of N- be:nzyl-N—(Z—hy&roxyemyl} chlomaoetamxde (627. ’? 8 2 ?6 moi) in tert— _

butanol (0 9 L) is stirred under nitrogen while warming to 25-30°C Potassmm tert-
butoxidd (2897 Lofa 1M solution in fert-butanol, 2.90 mol, 1.05 eq) is added over2.

water (GtL) is added and the resultant cloudy solution extracted with ethyl acetate. 'I‘he _
combined organic layers are washed with brine, dried aver magnesmm sulphate and

"eVapomtEed in vacuo to g;ve a hght brown oil (441 & 84%) ‘which is used in the next o |

oo
B

r.




10

15

- 20
24 hours MeOH and hydrochloric acid (2M, excess) are added and the resulting mixture |

25
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stage without farther purification; MW 191.23; CHi;NOy; 'H NMR (CDCL): 7.29-7.40

(SH, m), 4.67 (2H, 5), 428 (2H, 5), 3.87 (2H, 1, 5 Hz), 331 2H, 1, 5 Hz), LCMS: (12 min

" method) m/z 192 [M+HJ* Ry 1.00 min.

4-Benzyl-2-(cyclopropyl-kydroxy-methyl)-morphalin-3-gne (75)
) |
O,
(€
To a solution of 4-benzyl-morpholin-3-one (9.5 g, 50 mmol) in THF (200 mL) is added
fithium diisopropylamide (2M solution in THE, 27 mL, 54 mmol, 1.1 oq ) dropwise over
20 minutes at -78°C followed by slow addition of cyclopropyl methylaldehyde (3.85 mL,

55 mmol, 1.1 eq). After stirring at -78°C for one hour the reaction mixture is allowed to
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 vacuo. Purification

 using automated column chromatography (DCM/MeOH, 100/0 to 85/15 [viv]) gives 75in

70% purity with 4-benzyl-morpholin-3-one as the major impurity. This product is directly
psed in the next stép. MW 261.32; C;sH;sNOy; LCMS (6 min method) m/z 261.32
[M+H]", Ry 2.23 | |
(4-Benzyl-morpholin-2-yl)-cyclopropyl-methanol (76)

b
O

Borane-THF complex (1M solution in THF, 30 mL, 30 mmol, 4.1 eq) is added slowly toa
| solution of 75 (1.9 g, 7.3 mmol) in THF (100 mL). The reaction is heated to 60°C. After -

heated for one hour at the same temperature. After careful addition of saturated NatiCO;3
solution and EtOAc the agueous layer is extracted with EtOAc. The combined organic
layers are washed with brine, dried over magnesium su]phaj:é and the solvent is removed
in vacuo. Purification by ion exchange chromatography gives 76 (1.1 g, 61%). MW
247.34; CysHNOy; LCMS (6 min method) m/z 248 [M+H]*, R 2.48 min.



.';: ...3.: Cyclofmmrl[#(pkenyimethyl)mzphoun-z-ylfmahmm (7 7) f. -

o '__'j'_?'-A sohitlon ofdmethylsutphomde (o 69 mL, 9.7 mmol, 22 eq) mDCM (4 5 mL) et
e __;;_fslowlq addedto a solution ofoxalyl chlonde (2 43 mk, 435 mmol, 11 eq) mDCM (2 5 ik
mL) féllowed by 2 solnt:on of ’76 (1 09 g, 4, 41 mmol) mDGM (0 7 mL) lmdermtrogen at e
S }60*(:1 After stirring for 15 mimites, methylamme (.14m1, 221 mmol, 5 eq)is added . o
| stirfing contmues for 15 mmmes Aﬁer addxtxon ofWaIer, the Iayers are sepmted.

: ; '- . The a4ueons Iayaf is washed thh DCM The combmed orgamc layem are washed wﬂh
e :_brme dnedovermagnemum sulphate and the solwnt IS moved m muo Punﬁcatlon
using +utomated column ciyomatography (EtOAan-hexane, 20/80 10 -50/50 AD gives
S -'___'_:;-77 as 4 yellow oil (o 698, 64%) MW 24532 cwmgNo'z,'

o ’246 3 w+H] ,Rrl. 095 min. -

S o | _.j: -_I-(J-an@l—mmpfmkn-z-w-pmm-l-om (82) _

0.
i
i

A
1
l
!

LCMS(ﬁmmmethod) m/z-r_ b

1
1
i
1

_.__Comm{lmdszlsprepared from 2 (0 87 g,3.28 mmol)xnanhydrous ten'ahydrofman (30';'. SR

L) ard commercially available (Aldnch) n-butyl magnesitih bromide (2M solution in i R

'THF, :{mmol,z Smi, 1. 5 eq)followmg Genem!?rocedwel Afcerst:mng for 1 hour ;e

B ﬁnther'.n-—butyl magnesium bromide (2M solution in THF, 1.6 mmol, 0.8 L) is added -
W and sifring continued for 30 minutes. The reaction is quenched by addition ofammomum
o over m%@esmm sulphate and the solvent is removed m vacuo to gwe 82 (0 82 g, 96%)
- MW 2613 CmH;gNOz, LCMS (5 nnnute meﬁmd) m/z zsz 4 [M+H] R—; 234 min.

chlonde solutlon (30 mL) folluwed by BtOAc The orgamc phases arﬁ combmed, dned

gl
|
1
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1dmchlonde (121
1-{1,1* Biphenyl]-z-yl-z-[if-ameuylmefhyl)mmphohn-Z-y{propm-Z-aI {11)

Compound 111 is prepared from 2-pheny1benzy1 magnesmm bromzde (0 25M solut:on in’ o R
~ diethyl ether, 5.5 mL, 1. .38 mmol) and 3 (275 mg, 1.25 mmol) in anhydrous'I‘HF(? mL) : _' e
: follomng Gengral Procedure 2. 2-Phenylbenzyl magnesium bromlde is ohtamed from

E 5 commerclally ava:lablc (Aldnch) 2-pheny1henzy} bromide followmg General Procedure o

10
L added before quenching the reacuon with ice water (7 mL). 11 is obtained as an 011 in-

3. F\nther equivalents of 2—phenylbenzyl magnesiuin bmmzde (10 mlL., 25 mmol) are.

- 75% purity after :on exchange g column) chmmatography and automaxed column

- chromatography (EtOAan—heptane 0/100 to 50/50 [v/v]) and taken onto the next step _
without further purification (0.23 g isolated mateial). MW 387.53; czeHszoz, LCMS (6 "
- minute msthod) m/z 388.2 [M+H]", Rr337min

_1-[1,1 Bq;henyl]-z-yl-z-mophalbz-z-y@mpan-z-ol hydrochlonde (12)

Fh
(o

b oom

L 12is obtamed ﬁom 1§ (204 mg, 0. 53 mmol}, ct-chloroeﬁtyl chlorofonnate (0.23 mL.
R 2 11 mmol) and polymer—supported Hﬁmg 5 base (296 mg, 1.05 mmol) inDCM (5 mL)
200

fo!lowmg General Pracedure 3. Purification usmg ion exchange chmmatOgraphy, _

- followed by preparatwe LCMS and conversion into the hydzochlonde salt follomng

General Procedure 4 gives 12 as a foam (102 mg, 65%) MW 297.36; CmstNoz.HCI
' NMR (CD;O0D) § 7.15-7.39 (8H, m), 7.07-7.11 (1H, m), 3.97 (11, dd, 3.0 Hz, 13.0
Hz), 3.56-3.65 (1H, m), 3.20-3.25 (1H, m), 3.08 (2H, t, 12.5 Hz), 2.82-2.99 (4H, m), 0.60
(3H, ) LCMS (12 mimte method): miz 2982 (M-HCI+H]', Rr4.38 min.




S owoeseaTTz - . PCT/USM0NO8ZTTL .

!
;
!

I

| '"-i-[ﬁ-ﬂ;:aia;é-(mé:kfw)pfaénﬂl-Z-r?-.(bkwzwzaki?)@!?ﬁéﬁféf?'?ﬂbﬂﬁﬁém(15‘)ﬁ SN

I
|
!

_!._.

c . (;omp und 13 is obtamed from 4 (583 mg, 2 5 mmol) and 2«methoxy—5-ﬂuorobenzyl

| 14 is ohtametl ﬁom 13 (‘7 17 mg, 1 92 mmol), a—chloroethyl chlomformate (0 83 mL D
* 384 mrhol, 4 eq) end polymer-supported Hiinig’s base (1.08 g, 3.84 mmol, 2eq)in DCM.
- (1'7 mL) foﬂowmg General Procedure 3 Punﬁcatlon byion exchmge chtomatography L o
followab by preparat:ve LCMS and nonverswn into the hydmchlonde salt follo\mng L
"+ General Pracedure 4givesl4asa sohd (185 mg, 30%) MW 319. 81; C;SH;;FNC);.HCI
: "HNM#(CD,OD)%M(]H, dt, 15 Hz, 9 Hz), 6.81-6.84 (2H, m), 4.07 (1H, 44, 3.5, 13 R
= Hz), 3.67-3.76 (4H, ), 3.56 (1H, dd, 2.5 Hz, 11 Hz), 3.53 (1H, m), 3. 14325 (5, m), s B
3 .00-3 ds (2H, m), 2.84 (ZH, 14 Hz), 1 37—-1.51 (IH. m), 1 05-1. 19 (lH, m), 0 82 (31-1, t, '_
7 5 Hz),( LCMS (12 mimute method) /s 264.1 [M-HCI—*—H] Re3. 76 min. PR S

: . | magn umbmmxde (5.5 mL, 2.75 mmol L1 ‘eq) in anhydmus 'I'H'F (15 mL) foliomng -
o Generd! Pracedw-e 2. Further emuvalents of 2—methoxy-5-ﬂuorobenzy1 magnemnm iy R
a 'bronnde (ZM solunon in d:ethyl ether, 10 mL 5.0 mmol) a:re added aﬁer 30 mm and the __: o I
mzxmré 1swazmed to roomtamperaim and 1eﬁ to stir over mght Aﬁer plmﬁcatmn by T
" jon exchange chromatography 13 is obtained as & yellow ol in 67% puity (702 mg) The '
\ e compotind is tskaen over tothe next step without ﬁntherpmﬁcatmn. MW 373 47

n '-'cngz,ﬁmos. LCMS (6 minute method) mlz 3742 MHHT, Ri317min |

1 -[&waro-z-(methyloxj )phenyy-z-mmpkomz-z-ﬂbum-z.ot hydmchlonde m)

I
!

| ; '
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) ~_Compound 15 1s obtmned ﬁ-om 4 (1 1 g, 4 71 mmol) and enmm m ally a Ie O
e _(Fluorochem) z-mﬂuorometho;gr benzyl magnemum bro:mde (10 4 mL

LS 19 mmol, 1.1eq) in anhydrous THF (31.mL) fullowing GeueraIProcedure 2, Aﬁer soﬁ R
e mmutes further eqmvalents of z-uiﬂuoromeﬂ:toxy benzyl magnemnm bromxde am added A

'_ (0 SM sohxhon in dwthyl ether 4 7 1 mL, 2.36 mmol) leﬁcatmn by ion exchange

T chromatogmphy gives 15 a8 an 011 (l 88 g, 98%) MW 409 45 szI'IgngNO; LCMS (6
- roimnte method): vz 410.4 M+HT, Rr328 min. -~ S S
L 2_,Mmp;wm,..z.yl.l{z-ffﬁylwmmahﬂ)m]phmy{}bmm- kydmc!dodde (16)

16 1s obtamed ﬁ'om 15 (1 88 g, 4 59 mmol), a.—-chloroethyl ehlorofonnate (1 93 mL

184 mmol) andpolymer-suppoﬁed Hilnig’s base (z ss g, 9.18 mmol) in DCM (40

20

. | S : : -'mL) follomng G'eueml Procedw'e 3. Punﬁcamn usmg mn exchange chwmatagmphy
. followed by mltomated colmm: chromatogmphy ( eluent, MeOH/DCM orwo to 20/80 R
L '[viv]) and convemon to The hydrochlonde salt follomng General Praceﬂmre 4 gwes 16 E
 (258.5 mg, 17%) as & white solid. MW 319.33; CsHoFsNO; HCL; 'H NMR (CD;0D) - T
753 (1H,dd,2Hz, 7.5 Ha), 7. 27-7:38 (311, m), 420 (1H, 84, 3.5 Bz, 13 Hz), 3.85 (IH, o
- 382,13 Hz),370(lH.dd,2Hz,11 Hz),344(11—1,d, 13Hz),3.27—3 34 (IH,m), __

S 3 12-322 (2H, m), 3.07 (m 4,14 H2),2.96 (s, d, 1 Hz),1 5 (m, sextst, 7.5 Hz),' e




126(1h,mtet,7sr1z) 093(31-1 t,75Hz) ICMS(IZm:nutemethod) m/z3204[M -

wo zo?d“smm?'z o 0 pCT/US2004/6327T1

|
!
j

'.H01+1i]+ er 77mm.

'ggdroehlogde (181

B ‘_ I-f1 ,1 ’-!B&Jheny!]-z-yl-z-[‘l-(pkenylmezhyvmamkolin-z-ylbutau-z-ol (I Zl

f
!
. i .
|
i

g Compo#nd 17 is obtmned ﬁ'om 3 (601 mg, 2 58 mmnl) and 2—pheny1benzyl magnemum

©~bromidé (0.25M solution in diethyl ether, 11.5 mL, 2.84 mmol) in anhydrous THF (15
10
P 'ﬁ:om coh:merc:ally avaxlable (Aldnch) 2-phenylbenzyl brmmde follomng Generai

mL) fodowmg General Procedure 2. 2-Phenylbenzy] magnesium bromids is prepared

R - -Procedw'e.’i Fm'thea' eqmvalents of Z—phenylbenzyl magnemmn bmmlde (10.32 mL,
co 2,58 mdml) are added Punﬁcatlon by ion exchange chmmatography followed hy S
- '_aummated colurmn chromatography (cluent, EtOAe(n—heptane 01100 10 50!50 [vivy glves |

15

17 (705 Img, 68%) as a colouriess oil in 91% purity whxch is dnectly used in the next step. '
' Mw 401 :55; CzsHynNO,; LCMS (6 minute method): mfz 402 2 [M+H]", Rr3.56 min

o 1-[1,1 ’-Bl;pheuyl]-z-yl—2-mmphotm~2-ylbm2-af kydmcklonde (13)

o

- 25

%

i L fré@

. 18 is obta.med f.rom 17 (705 mg, 1.76 mmol), a—chlome&yl chloroformate (0 '76 mL,
“7.02 mmiol) and polymer-supported Hiinig’s base (988 g, 3 52 mmol) in DCM (1 5 mL)
followinig General Procedure 3. Punﬁcaucm by ion exchange chromategraphy foliewed '-
by autorpated column chromatography (chueat, MeOH/DCM 5/95 to 20/80 [v/v]) and
- _convembn into the hydmchlonde salt follomng General Proaedm'e 4 gives 18 (0.37 g,

'62%) as la yellow foam. MW 347. 82; ngHgNOz HCY; lH NMR (CD;0D) 8 7 43-7.46
 (1H, m),7.29-7.34 (3H, m), 7.14-7.25 (SH, m), 7.06-7.11 (1H, m), 3.94 (1H, dd, 3.5 Hz,

T
i
L




| 13 Hz), 3, 55-3 64 (11-1, m), 3 37 (IH, :m, 15 Hz., 11 Hz), 3 09 cz.H d, 12.5 Hz), 2 30-2,99':*'.—_'::_;..- ¥ |
- (4H, m), 1. 11-123 (lH, m), 091 (IH, m), 0.38 (3H t 7 SHz) chv.zs (12 mmute | N

"Compomd 19 is obtamed from ¢ 5 (o 78 2 83 mmcl) wd 2—meﬂwxy-5-ﬂuoro-benzyl s

L '__:"_;magnesmm bromiide (6.2 mL, 3.1 mmol, 1. leq)manhydmuam (5mL

| e 1) followmg GenemiProcédw‘e 2, Fu:ther aqumlen!s of 2-: noth i
e magneshxm bmmlde (8 49 mL, 4.25 mmol) am added and mxxture is wa:med to room

20

_' . -S-ﬂnom—benzyl

ature and leﬁ st:mng ovennght. Punﬁcatwn using automated colunm

el "?lchmmawgraphy (eluent, n-heptane/E(OAC 10040 to 75425 [v/v]) gives 19 (0. 53 g.4s%)

. MW 387.5; CysHioFNO3, LCOMS (6 minuts method): m/z 3882 [MHH]', Rr32i min,

R o 1-[5-ﬂuoro-z-(mahyzmgyphenyy-s-m:m-zaorpbotm-z-yzbm;z- kydmchlodde'_-e7‘__'.'_:_-__':._'_-_.l_. S
Loy |

20 is obtatned fwm 19 (523 mg, 135 mmo), u—chloroethyl chiomformate @. ss mL, | e
. 5 40nnnol, 4eq) and PS«»DIBA (o ‘?6 g, 2.70 mmol, 2 eq) m DCM (10 mL) follomng : _
ok Genem! Procedw*e 4. Punﬁcanon by ion exchange chroma@ography and conversion 0. o
- - -the h}ﬂmchlonde salt follomng Generai Procedm 4 gwes 20 as acn oﬁ'—whlta sohd o P




{
BRI
e

wo'zoﬂ;ﬁnnmz: L peTUsZMMsTT

_'(o.zﬁg, 58%). MW 333.83; C161124FN03 HCL 'H NMR (cnson) 57. 10 (1H, d 95 Hz), S

6.94 (2H,d,6Hz),407 (1H, dd,3 5 Hz, 13 Hz), 3. 71—3 38 (SH, m), 3.21-3 47 (ZH, m)

29931 (4B, m), L8 (UE, septet,7Hz),1o4<3de,7Hz),o94csH 2701 LM;._-.:: o
| (umm"ﬂetneﬁmd) m!2298[M-HC1+H] R-;4.29mm. SR LT e

jCompoidel xsobtamed froms (1 5 g,6 Oﬁmmnl)and%meﬂwxybenzylmagnamm

e bromidé (available from Rieke-Metals) (0.25M solution in THF, 33.9 mL, 849 mmol) in |
o anhydrqus THF (30 mal) fonamng General Procedure 1. Punﬁcatlon by column R

15

20

rchromaiogmphy (eluent, EtOAcfn-heptane o 100 to 401’60 [viv]) gives: 21 as colourless oxl CL
(148 g,184%) MW 369, 2 ngﬂglNOs.HCl, LCMS (6 miuute method) m/z 370_2 [M- B
“HC1HH]", Rr2.77 min. B S

- 3-Mefk1::-1-[z-mahyzaxy)pkenyl}-z-mwpkam-z-yfbm-m hydmchlartde (22)

T

O zz is obkamed ﬁole (1 24 g, 3.37 mmol), a—chlaroethyl ehlomformate (3 6 mL, 33 7 j._ L
- mmol) dnd polymemupported Hﬁmg 8 base (4 72g, 16 8 mmol) n DCM (45 mL) R
follomqg Genéral Procedure 3. Punﬁcatlon nsmg mn exchange chmmatogmphy
- followed by chiral preparatwe HPLC (o-Heptane BtOH: DEA 85:15:0.2 gradmnt, G
' hiraloe}-OD) gives two enantiomers the first eluting enantiomer (Ry 9.5 min), andthe __'_ I
. second "'flmmg enantiomer (Ry 11.41 mm). The two enant:omers are converted to their > -

respectwe hydroehlonde salts 22a (146 mg) and 22b (138 mg) and obtzined 25 white "

R

!



S WOesedTTZ L pCTUS2004032TT qgr )

i _57 IR N “ﬁ

" solids (23% overall mmbmed yzeld) MW 315. 84 ststNozliCi ‘HNmz(cnson)s S
| 7.227.34 (2H, m), 6.85-6.95 (2H, m), 4.08 (1H, 44, 3.6 Hz, 12.8 Hz), 38639 (4B, m), - N
BTT(IH 2. 45Hz, 12.4 Hz), 3.22-3.28 (1H, m), 3.24 (18, d, 12.8 Hz), 295311 (4H,

g e o  { T R
e '_Compm.md 23 is obmmed ﬁom 5 (I 5g6. 06 mmol) and 2—ethoxybmzyl magnes:mn ) .
. chloride (available from Rieke-Metals) (0.25M sofution in THF, 34 mL, 849 mmel)in
. anbydrous THF (30 mL) following General Procedure 2. After repeated purification by
" ‘sutomated column chromatography (1eluent MeOH/ DCM 0/100 to 10/90 [v/v] followed
15

), 183 (1, spte, 8 ), 116 (35, 6,702,095 (31 d,'zwz),mmsuz
}?._'.':mmutemethod) m/zzso:z [M-HCI-I-H] Rr405m R B

by EtOAc/‘DCM Oi 100 to 50/50 [v{v]} 23is obtained as colourless oil (0 8 8 35%) MW
383 54 C;4H33N03 LCMS (6 mmute metbod) m/z 384 4 [M-i-I-I]"; Rr 3, 04 nun '

o I-R-Ethylaxy)yhenyl]-é’-meﬂqd-z-mMphahn-z-ytbum-z-ol kydrochloride (24)

C a0

'("_

24 obtamed from 23 {766 mg, 2.0 mmol), a—chloroethyl chlorofonnate (026 mL, 8. o
' 'mmol) and polymer-supported Hﬁmg s base (1. 12g 4. 0 mmol) in DCM (30 mL)

o followmg Generai Procedm 3, Ptmﬁcatmn usmg ion exchange chmmatography R
- followed by automated column chromatography (cluent, Meom DCM 0/100 to 20!80

S [vlv]) and chrral preparatwe chmma:ography (n-HeptaneEtOH.DEA 95 5 0.2 grad:ent,

" chiracel AD) gives the first elutmg enantiomer (Ry 13.40 niin) and the second elisting

o

enantwmer Ry 15.63 mm) Aﬁer converslon to theu- respectwe hydmchionde salts, 24a
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i

~68-

(85 mg5 and 24b (79 mg) ave obtained as brown sofids (28% comibined yietd). MW

293 .36{ C17HNOs HCE; "H NMR (CD;0D) 8 7.06-7.09 (1H, m), 6.95-7.01 (1H, m),
6.66-6.75 (2H, m), 3.80-3.92 (3H, m), 3.46-3.63 (2H, m), 2.96-3.15 (28, m), 2.66-2.86
(44, m? 1.54-1.63 (141, m), 1.22 (3H, t, 7.0 Hz), 0.82 (3H, d, 7.0 Hz), 0.71 (3H, 4, 7.0

© Hz); LCMS (12 minute method): m/z 294.2 [M-HC1+H]", Rr4.60 min. .~

_ 3-Mefk#:l—2—[4—@henylmethy!)marpkalin-Q-yI_}-I -ﬂ{{mﬂuommeﬂnyﬁoxy}

phenyl}pum:z-z-al (25)

!
!
1
|
i
|
B

Compot\md 25is obtamed from 5 (953 mg, 3. 85 mmol) and commerclally avaxlable B

(Fluoro¢hem) Z-mﬂuoromethoxy benzyl magnesnum bromide (8 48 mL, 4.24 mmol L1
eq) in ahydrous THF (25 mL) following General Procedure 3 and addition of further 2-
trifiwordmethoxy benzyl magnesium bromide (3.85 mL, 1.93 mmol). Purification by ion

: exchanée chromatography gives 25 as a yellow oil in 86% purity which is used in the

next ste? without further purification (1.53 g of isolated material). MW 423.38;
Cy3HagFsNO3; LCMS (6 minute miethod) m/z 424.1 [M+H]", Ry 3.53 min.

o 3-Meth .z-mmpha:m-z-ﬂ-z-&-{(mﬂummezhyz)mjbman-z-at kydmchlorzde (26)

20

!

1 kd
l
l
!
!

q

26 is obtamed from25(1.53¢g,3 61 mmol), o~chlorosthyl chloroformaxe (1 55 mL 14.5
mmol, 4 ;eqmv.) and polymer-supported Hﬁmg 5 base (2.03 g, 7.23 mmol, 2 eg) in DCM

=1;]

(30 mL) following Gereral Procedure 3. Purification by ion exchange chromatography,
! .
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R L

foﬂowed by auzomated colmnn chromatograph}r eluent, MeOH)‘DCM 0/ 100 to 20/ 80 _
[v/v]) and convezs;on toits hydrochlonda salt foliowmg General Procedure 4 gives 26as

ayeliow solid (0.4 g, 29%). MW 379.82; Ci¢HzFsNOs HCL; 'H NMR (CD30D) § 7.46

(18, 44, 1.5 Hz, 7.5 Hz), 7.14-724 (3K, m), 3.94 (16, 44, 3.5 Hz; 13 He), 380 (1K, 46,
2.5 Hz, 11.5 Hz) 3.69 (1H, td, 2.5 Hz, 13 Hz), 3.27 (1H, 4, 13 Hz), 3.13 (1H, 4, 12.5 Hz), :

2723 02(4H,m), 170 (14, septet, 7 Hz), 0.94 (GH, 4,7 H2), 0. 84(3H, d,7 OI-IZ)
: LCMS (12 mmute method} m/z 334.4 [M HCI+H] RT2.94 mm.

| -[I, -Bxphenyl]-.?-yl-3-methyl-z-[tﬁ-ﬁ!!teuylmeﬂzﬂ)mmpfwlbz-z-ylbumn-z-oi (27)

of?

- Compomd 27is obtamsd from 5(0. 7 g, 2. 83 mmol) and 2—pheny1benzy! magnesmm

15

bromide (12.5 mL, 3.11 mmol) in anhydrous THF (15 mL) following Geneml Procedure )
2 and further equwalents of Z-phgnylbenzyi magnesium bromide reagent (1 _1.3 mL, 566 |

~ mmof). 2-Phenylbenzyl magnesium bromide is prepared from commercially available
. (Aldrich) 2-phenylbenzyl bromide following General Procedure 5. Purification usiogion
R exchange chromatography, fo]lowed by automated column chromatogtaphy (cluent,
 EtOAc/n-heptanie 0/100 to 20/80 [viv]) gives 27 as oil (0.46 g, 40%). MW 415.58; |
-:"czsﬂamoz, LCMS (6 minute method): miz 416.2 [M+HY, Re345min.

-{I,I szlzenylj!-2-yl—3-meﬂzyl—.2~morpkolm—-2~ylbutm-2-ol hydroc!xfonde (28)-

2815 obtained fom 27 (405 g, 0.976 mmo), o-chiloroethy] chlorofommate (042 L,

3.9 mmiol) and polyroer-supported Hilnig’s base (0.5 g, 1.95 mmol) in DCM (7mL) -



' foﬂow:hg Gmeral Procedure 3 The cmdeproduct is punﬁed usmg mn exchange

-;. graphy, and then converted to its hydrochlonde salt followmg Gem-al
cediire 4 to glve 28 as aw!nte sohd (0-23 g 71%) MW 3 61'91 C’IH”NOZ'HCI IH

NMR (FDJOD) 87.61-7.64 (1H, m), 7.19-7.47 (8H, m), 3. 95 (111, dd, 4 Hz, 13Hy), ity ; .
| 361371 (2H, m), 3.04- 3.19 (4H, m), 2.96 (1K, 13, 4 Hiz, 12.6 Hz), 2.70 (1H, 44, 13,
s mb, 167 (1H, septet, 7 Hz), 0.75 (3H, d, 7 Hz), 0.63 (SH, 47 Hz),LCMS (12
R -;____i;'_-;_mmutememod) m!z 326.2 [M-HCI-!-H]" RTS 02mm. .' |

ompor} 1293 obtamed from 5 (1 13g, 457 mmol) andz-phmyl-s-ﬂuombenzyl
agnesim bromlde (O.SM mTHF 10. 5mL, 5.03 mmol)manhydrousTHF (30 mL)
owi '_ g Geueral Procedmve 2 (further 2~phmyi~5-ﬂuombenzyl magxemum bmnnde

| (o 33eq)3 L, 1.51 mumol) is added after 30 min). 2-Phonyl-5-fluorobenzyl magnesium.
e '-'bmm:de!m obtzined from 2-pheny1-s -ﬂuorobenzyl bromide fonowmg General Procedure
5 leﬁcauon byi ion exchange chromatography followed by atuomated column _
3 "chromatJ:graphy (eluet, BtOAc/n-heptane 0/100 to 20/80 [v/v]) gives 29 asa yellow 011 i
W in86% punty which is directly used in the next step (1.58 g recovered matenal) MW
i 415.58; bst;;aNOz, LCMS [ minute methnd) wz 434 s__ [MHHT R‘r3 Tmin
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-I-(é-FIuam[I I’-biphmyﬂ-z-ya—s-methyl—z-mmpbalfn~2-ylbutan-2—o! hydrochloride . e
D o

ﬁ“

- 30 is obtamed from 29 {1.58 g, 3.63 mmol), a—ehlmmthyi chloroformate (1 57 mL, 3, 63_;- o
- mmol) and polymer-supported Hiinig’s base @ 04 g, 7.26 mmol) in DCM (30 mL) : |
- foﬂowmg General Procedure 3. The crude product is punﬁed using ion exchange o
- chromaiography, automated column chromatography (eluent, MeOH/ DCM 0100 to S
2080 [v¥] ): and preparative LCMS. Conversion to the hydrochlonde salt follomng
- - General Procedure 4 gwes 30 as 2 yellow solid (0.3 g, 22%). MW 379 91;
- td,2.5 Hz, 8.5 Hz), 3.83 (1F, 4, br, 10 Fz), 3.56 (2H, 1, 10 Hz), 3.03-3.12 (26, m), 2 7
| 2.98(3H,m), 2.63 (m,x, 115 Hz), 1.55 (15, qmntet,?Hz),OM(BH,d,?Hz),Oﬁ :

'cz,stFNozHcL 'H NMR (CD30D) 57.20-7.35 (6H, m), 7.07-7.14 (1}1, m), 6.90 (IH, -

f3H, d, '?Hz), LCiMS (12 minute method) mfz 344 1 [M~HCI+H] RTS 14m1n.

15’_ |

- I-IS-F‘luora-z-(methylo.:gr)pkeﬂy{]«i—meﬂsy!-z-ﬁ-@hmyhueﬂlybma:pholm-Z-

; yI]pentaa-z-oI (31)

'Cmnp ound 31 is obtamed ﬁ'om 6 (465 mg, 1.78 mmol) and Z-methoxy-s-ﬂucrobenzyl
' magnemumbronnde(‘ﬁ 92 ml, 1.96 mmol, 1.1 equiv.) mdryTHF (10 mL) followmg

General Procedure 2. Punﬁcatxon by ion exchange chmmatography followed by

* automated colummn cmomatography (eluent, EtOAc/n-heptane 0/100 10 40/60 D gwes' =




i
!
t

31 g an 011 (448mg, 33% punty) MW 401 53 CuH;zFNO:’., LCMS (5 mmute methed)
C mpAR2MARe3OmEm
i 1-[s-mmmz-(merhytm)phaw-4-metky!-wmfwﬂn-mvm-m

__ ....;__‘km%ﬁde rsz) | ;

I :I..-'—.:."_ Lot T

- 32 is oﬂtmmd ﬁ:om 31 (443 mg, 1 12 mmol), a—-chloroethyi cbloroﬁmnate (0 43 m |
‘L, 447 |mmol, Aeq) and polymer-snpponed Hﬁmg s base (628 g, 2 23 mmol, 2eq) m

B DCM (10 mL). fbllowmg Genaral Pmcedm 3. Ptmﬁcaﬁon by mn exchange

i - chmma%ography fonowed by preparauve LCMS and conversmn to its hydrocl.ﬂnnde salt
R Cl-;I-Ist]['NO; HCl H Nl\m (CD:OD) 8 7 05-—? 08 (II-I, m), 6 95-6 98 (ZH, m), 4, 16 (II-I,

followihg Geneml Procedwe 4 gwes 32 as a wlnte solzd (O 11 g, 32%) MW 347 72

: dd,3ﬂ£,125Hz),375-3 86(4H,m),3 67 (IH.d, 105&),351 (m,d, 12Hz),3.25- AR

R | "__Compoqnd 33 18 obtamed ﬁ'om 6 (3 0 g, 11 5 mmol) and 2-ethoxybenzyl magnesmm PO
I chioride (avmlable from Rieke Metals) (025M in d:ethy} ether, 50.5 mL, 126 mmol) in
e = anhydrous THF (55 mL) followmg Genem! Pmcedure ,2 Another two eqmva!ents of2~ SO

B ethoxyb%nzyl magnesmmchlonde (92mL RS S

= 329 (1# m), 3. 07—320 (2H, m), 2.94 (211, 14 Hz), 1 86-1. 9 (1H, m), 1 53 (m, dad, 55
o ._',..-::_'Hz, 144 Hz); 1. 13 (II-I, dd, 145 Hz, 55 H.z),094 (SH, d.z 5 Hz), o 92 (31-1 d, 2,5 I-Iz)
: LCMS {12 mite method) w2 312. 1 [M-I-ICI—E-H] 1174 61 min. R




o . EREE :: ':._-'Pl’eparatzve LCMS gives 34. Ch:ral prepa:atwe chmmaxogmphy (n-heplnne.BtOI—L DEA 3_:: 5 | N
L 60:40:0.2 pradient, clnralcal-OD) afforded the first elufing enantiomer 342 (I3mg) Re =~ -
T 8.25 mm), and the sewnd elnhng enmttomer 34b (R—; 10 17 mm) as co!omlass ozls MW e : L

-.;j'f'j,zsmmal)madaedaﬁasomm. Punﬁcatton byamoma:edcolmahmma:ogmphy - S

© (eluent, EtOAﬂfn—heptane 100 to 25/75 [wv]) gives 33 (3.21 g) a1 & colouriess oil in 86%-;-’_;_.;?--* RN
" purity as a mixture of diastereomers. MW 397.56; CrﬂssNQa z.cmscs minute memod):'
-'.___'-m!2398.3 [M+I-I] Rp342&3.60min. o T
lz.(myzm)phmyw-m;d-mqm.z-y@am-z-oz (34)

34 is obtained from 33 (3 zo:ng, 8.06 mmol)._a——chlotoethyl uhlomfonnate (3 Ao, S
SRR 3’_:_"322 mmol) and polymer-supported Hiig's base (4.53 & 16.1 mmol) i DOM (100 mL)
EEST foﬂowmg General Procedm 3. Pudﬁuauon by ion exchange ehromatography followed
by automated coluan chrotmatogeaphy (allmnt, MeOH/ DCM 5/95 to 40/60 {v{v]), B

e "_.-_307 44 ClaH'ngOs ‘HNMR (CDCls) 87. 16-7 22 (ZH, m), 6. 84-693 (ZH, m), 3 974 17[. L

i Hz) 318 (1H~ 812 Hz) 204 (18,4, 141, 274291 (4, m}, 1.89 (IE; septe, omy,
o 152(H,4d,55Hz, 14H2), 144 GH, ¢ THa), 111 (16, dd, 6 Hz, 14H2), 093 GRL.4,
o | -___;';7 HZ), 0 90 (BH, d, ? Hz), LCMS (12 rirte meﬂmd} mfz 308_2 [M-HCI-PH]"‘ R-'r4 92 NSRS




; o Compo'lmd 351spmparedﬁ'om6(0 83 g, 3 19mno!)andcommerc1ally avaxlable
" (Fluotobhem) 2-trifluosomethiéxy benzy) magnesium bromide (0.5M sofution in ’I'HF
L _-;f.':mzmﬂ..s 51 mmol, 1. 1 eq)manhydmus'I‘HF&l mL) fouomg GenemlProcedurez
7 Purther equivelents (3.19 L, 1.60 pxmol) of 2-triffucromethoxy benzyl magnesium

o *__:._.{'.4-Mwévz-z-14-(p&enymnyomrphoau-z-yzf-z-zfmﬁuametmmpr}pem~ 5

o 36 is obimned fmm 35 (1 39 & 3 18 mmol), a-chloroethy! c:hlomformate (1:57 mL. 12 7

. f.:',_':___*'._-\brom:dqmaddedaﬁer30mm.PmﬁcaﬁonbymnexchangechmmawWhygvesBSas e
yellow éul {1 39g,995%) MW437 51 Cz4H30F3N03 LCMS(Gmmme method) m/z
4381[7*4+H]*R1~370mm. T N R e e
o = {34-Memﬁ-2-mmpnanu-z-yx-z-{z{wﬂmmmﬂxyx)m]pheuyz}mm-2-0: hydmchloride

PR ﬂmmox 4geq), and polymer-supported Hinig's base (1.79 g, 6.36 oo, 2eq) in DCM (25

g _'

o mL) follpwing Ge:wral Procedure 3 Punﬁcatlon byion exchange chmmatogaphy
) follaweti by preparauve LCMS and convmmon into the hydroch]ande salt followmg A
-GenemIlecedw-e 4 gwes 36 (o 16 8 14%) as foam. M‘W 333 82 c.-,HuFaNogﬂc: ‘H ; i

CNMR (dD,oD) 8743 (1H, d, 7 Hz), 7.16-7.27 (G, ), 4.05 (I, dd, 3 H, 13 M), -~

3.53.3 74 (2H m), 3 35-3 40 (m, m), 3. 23- 3 14 (IH m). 2 97-3 10 (3H. m). 2~76 (IH» d=




'14Hz), 175 (1H, septet,GSHz), 142 (1I-I,dd,6Hz, 145 Hz),098~1 11 (1H,m)083

‘(3H, 4, 6Hz), 0.81 (3H, 4, 6 Hz), LCMS (12 miriute method) mfz 348.4 [M-HC1+H] P

'RT3 ISmm. '

'vipen -z—olhdr jde (3

IR -'__-2-(4-Ben@I-mmphotm-z-yl)-bb{ohmﬂ-z-yld-methyl-pentmz-—z-ol (37)

Compom:d 37 is prepamd ﬁ'om 6 (2 5g, 9 56 mmol) and z-phenylbenzyl magnesmm

bromide (0.25M sol,, 42.1 L, 10.5 somol, 1.1 eq) in anhydrous THF (21 ml) followmg T

" General Procedure 2. 2-Phenylbenzyl magoesium bromide is prepamd from-

commerclally ava:lable (Aldnch) 2-pheny1benzyl bromide followmg General Pmcedure :

_ | 3. Another 3 eqmvalents of 2-phenylbenzy1 magnesnun bmm:de are added 1o drive the
o reacnon to completion, Pun.ﬁcatxon by automated column chromatography eluent, |

EtOAc/-heptane 0/100 to 25/75 [v/v], ) gives 37 (2.07, 50%), which s used in the next |

" step without further purification. MW 429.61; CisHasNOy; FIA™ mfz 430 [M+H]

L 1-{1 1” B;pkmyq.z.yz-4-merhyLz-ma:phoﬂn-z-yz-pmm-z.ot (38) o

10
20

o Compound 38i is obtained from 37 (2 07 g, 4.81 mmol), a-chlmethyz cmorofcrmate .

(2.08 mL, 19.3 mmol) and polymer—-supportad Hﬁmg 8 base (2. 7 £ 9.6 mmol) mDCM

. (60 mL) followmg General Procedure 3. Purification by zon exchange chromaxogmphy,
X _ crysmlhzatmn from MeOH/dxethyi ether nges 38as2 wlnte solid (738 mg, 45%) MW

25

" 339.48; CHyNOy; 'H NMR (CDCh) § 7.29-7.46 (8H, m), 7.23-7.28 (1H, m), 3 19:391

(2H, m),366(1H.dd,109Hz,17Hz),3 18 (2H, dd, 12. 8Hz,258Hz) 2843, 04(3}1,

' m),z 75 (11,1, 11.5 Hz), 1 56-1 68 (IH, m), 1.22 (1H, dd, 5.65 Hz, 14 7Hz),0 98 (IH,



o

i

|

i
o | .

(
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R

5 '-dd,SGSHz, 147Hz),081 (31{,:1,3.2 Hz),O‘?S (3H,d, 3 OHz) LCMS(lz mm,m .

o methoé) w23403 [MAHT, ReS62min. 0 B T
S ‘Phanyimahyz-z-—n,z biphml]-z-‘ylmethyt}-l-hydroxy—.?-mefhyﬁugrq m,,,;,w S
.'-mbwlaze(cbz-ss) L S e U

l!chlorofonnate (0 3‘? mL, 2 61 mmoi) is added to 4 stlmng mn:ture of 38 (738 mg,

) 17 mhwl) with NaHCO; {o 41 g)in 2 suspension of diethylethor and water (24 mL)
N :. : under I'flz at room tempme After lhourthereacnon is qucnched wzth 1cewater (15
S 'mL) anﬂ dlluted wlth DCM. Thetwo phases are sepa:ated, the aqueous phase is ﬁxther
PR {
DI ﬁlteredtand evaporated in vacuo, The isolated oil is purified using automated coimnn
s .fchmmﬁ:ogmphy (cluent, EtOAc/n-heptane 0/100 to 30/70[v/v]) followed by chiral
B preparquve chromarography (Heptane EtOH DEA 35:65: 0.2 gradxmr, chzraoel AD-H) to

. glve thé ﬁrst ehmng enauuomer, cbz-SSa (R—;z 61 mm), and the second elutmg

15
AR 'LCMS (6 mmute method): m/z 456.3 [M-HzO-i-H] and 496 2 [M-i-Ns] Ry 5.34 mm.
. | - 1 -[I,.Z g’ Ftpﬁmyl]-z-yl-rf-mefk yl-Z-morpkolm-Z-ylpentan-Z-o! Itydrachlar&fe (38a)

DCM, the combmed orgamc fractions are dned over magnes:.-mn sulphate.

enantmp:er, cbz-38b Ry 2.99 mm), both as a colourless oz}. MW 473 62, C39H35N04.

I
|

i -j-paliadllm on carbon (10% wexght) (0. 4 g) is added to a stxmng solunon of cbz-ssa (O 39 IR
g 0.84 hnmof) thh smmonium formate (0.53 8. 4 mmol) methanol (10 mL) at room 5 B | S
o tamxim*hﬂ'e under mtrogen. The heterogeneous mixture i 1s heaied to reflux for 30 mmuteé
o allowed to cool to room temqure and then filtered tbmugh a Cehte pad. ‘I‘he filtrate i is

o ooncent{rated in vacua, purified by ion exchange chromatography and then converted to
o ) the h}’dtvchlonde salt followmg Generaf Pracedure 410 g:ve 38a (0.25 g, 79%) as | |

o
i




yalluw sohd. MW 375 94 CnszNOz HC} ‘H m (CDsOD) 5 7 48 (IH, bS), 7 11-7-33

- (3H, m), 3.87(1H, bs), 3.37:3.57 (2H, m), 325 (m, 8),2.773. 10 (SH, m), 1.54 (IH, 5"
b, 107-1:19 (1H, m), 0. 93-1.00 (1H, m), 072 (3H, d, 6 Hz), 069 (BH, d, 6 Hz) LCMS :
(12 mmute method) mlz: 34022 m-ncwm*, RTS 3o_mm.:- LR T

BT N o
e Compozmd a0is prepared from 6 o 95 5,365 mmol} and Z-phenyl-s-ﬂuoro benzyl
e o -__magnemm bromde © SM solutmn in dxethyl ethe: 12 eq) followmg General mm
© - 2.2-Phenyl-5-fluorobenzyl maghesium bromide is obtained from 2—phenyl-5- e
ﬂﬁombenzyl bromzde follomng Genemf Procedure 5 Excess vahmyl-s-ﬂuom benzyl

L : 1.-51:_.1:-:; _'_magnesnlm hronnde is mbsequenﬂy added at room tempera‘a:re and the react:on left

: ":-stlmng forl hour Punﬁcatmn by column chromatography (eluent, BtOAchyclohexane
50/50 [v/v]) gives 39 as a viscous 6il (1.31 g 30%) MW 447 60; ngH_uFNOz LCMS (6
- '.:_mmutamethbd)nﬂzMS[M-I—H] RTB 88 min. L
e 1-(4-quoro(z 1’-brpheny!]-.?-yl)J-mdhyt-m:phohn-z-y@em«n-z-ol Izﬂlmchlonde
.,-"2\0-1"-1--(40) L L e e e T

. g 40 is pnepared ﬁ'om39 (1 31 g, 232 nm:ol) a-chloroethyl chloroformate (0 9mL) and e
o _'j-_; ‘solid suppormd Hiimg abase (1 64 g) m anhydrousDCM (30 mL) fonowmg G __ RN



R 'Procediaes Pun:ﬁcahon by ion exchange ion e:xchange chromatography gwestheﬁ’ee
| base of !40 as avxsoous ox! (0 71 g, 62%) Aﬁer ﬁlrthet punﬁcanon usmgUV—gmded
o _'Pi‘epamhveLCMS the hydrochloride salt 40 (0.451 g, 39 %) is obteined following
S Gmm}mmm MW 393.95; CziHaFNO,. HCY; 'HNMR (DMSO-4): 59.16 (m,
5 6),898(1H, 5), 744-7.32 (45, m), 7.23-7.06 (4H, m), 3.83 (1H, dd, 128z, 3 Hz), 3.59-
350 (3141,31),3 IS(II-Ld,IZSIIz),BOS (18, d, 125 Hiz), 2.92-2 6‘?{4H,m),1 54140 -
. {(1H,m),1.03 (1, dd, 145 Hz, 5 Hz), 0.88 (1H, dd, 14.5 Hz, 6.5 1), 0.74 (31, ¢, 6.5 - _:j- _?_f e
L Hz), 0 dp (3H, d, 6. 5 Hz), LCMS (12 minute method) iz 353 [M-HCHH]" RTS 47 min.

e
z
|
t

s Compomdﬂ is obtamed { from 7 (o T8, 2 56 mmol) and 2-methoxy—5-ﬂu0mbenzyl SN
. -iagnesihm bromide (5.63 mL, 2.52 mmol 1.1eq) in enhydrotis THF (15 m) followmg e
o -, L Gaaemf :.Procedm'e 2 ther eqmvaients of 2-meﬂmxy—5-ﬂuorobenzyl magnesium _' B
i o5 -_bmxmde (8.49 mL, 4. 25 mmol) are added. Purification by ion exchange chromatogmphy
R gives 41 j@sa yeﬁow oﬂ (843 mg;, 62% punty) Mw 413 54 CstngNGg, LCMS (e
20 . minute hethody: m/z 4142 [M#HT" Re4.lmin. .~ o)
SR ‘-__,_{;_z-Cydogeng’z-z-fs-ﬂaora-z-(m,vzm)phmzj-z-m:pkozin-z-y:ezmaz
J_}_,_';,yamh{mde (42) S

!
{
!
S
|
[
i
l
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'_Theﬁeebase of 42 is obtmnedﬁ'omﬂ (0.84 g,Z 04mm01), a—-chloroethyl N
chloroformate (0.88 mL, 8. 16 mol, 4 eq) and polymer—supported Hﬁmg sbase (1 15 g, :
_- 4 08 mmol, Zeq) in DCM (15 mL) followmg Genem! Procedure 3. leﬁcatmn byion . ..
.:. exchange chromalography, followed by automaied chmmatogmphy (DCMIMeOH 95/5 to S
80120 [vA¥]) and preparative LCMS and conversion into the hydrochlonde salt following
 General Pracedure 4 gives 42 as a colourless gum (0. 18 g, 14. 1%). MW359.82;
o __ClgstF’NO;HCI, ‘HNMR(CDaoD)sv 11-7.14 (1H, m),695—697(21-1,m),407-4 15 R
o (1H, m), 3.67-3.75 (2H, m); 3.43 (1EL, 4, 12 Hz), 323 (3H,9), 3.2:2 (H, 4,12 H2),292-
310 (4H, m), 2.13-2.19 (1H, m), 1 42173 (SI-I m), LCMS (12 minte method) m/z 2
-_.3241 [M-HC]-I-H] R—;4 83m1n o R =

_--Exam' fe 17: P hraﬁdn of
E x!ethanol Mdroghloride (44[ B -
- I-Cyclopen;yl-Z—[?-(alzytoxy)phenyI]-l-[&(pkmyln:ethyl)mmphoﬁu-z-yl]ethmml “3).

15

- Compound 43i is obtmned from 7 (2 09 g 7.68 mmol) andz-ethyloxy benzyl magnesinm

20

S bromade {available from Ricke Metals) (O.ZSM solution in dse.thyl ether, 1.1 ) followmg" T
.. General Pracedurez Punﬁca’aon byprcparatlve LCMS g.wes 43 as viscous oil (0.691 g, - R

22 %). MW 409. 57; C25H35N03, LCMS: (6 minute method) m/z 410 (MHH", Rr 3.8min. |

'I—Chlclopengrl-z-fz-(etkyloxy)phen yl]-I-mmphoHn—z-yMImnol hydrochlmide (44)

| The ﬁ'ee base of 44 is obtamed ﬁ‘om 43 (0 691 & 1 69 mmol), a—chlomethyl

o _chloraformate (0.80 mL) and solid supported Hiinig’s base (0.95 g) in anhydrous DCM
- following General Procedure 3. Pugﬁcat:on by ion exchange and cqnve:sxpn mt_o its .
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hydrochloride salt following General Procedure 4 gives 44 (0:39 g, 65%) MW 355.91;

-c,gHzpyNogHCl 'H'NMR (CD;ODY): 5 7.12-7.22 (2H, 1), 6.82-6.88 (2H, m), 4.09-4.16
@H, m) 3.69-3.80 (28, m), 2.80-3.29 (6H, m), 2.04-2.10 (1H, m), 1.53-1.73 (UH, m),
- LCMS: (12 minute method) m/z 320 [M-HCHH]", Ry 5. 03 min. '

methyvlo enyl} ethanol hydrochloride

I1-Cyclopentyl-2-{5- ﬂuam—z—(methyloxy)phenyl]—]—[t#@henylmetkyy marphokn-z-

yﬂeﬂ:a}wl (45)
l

!
i
i
g
{
!

.Compoﬁnd 45 is obtamed from 7 (0. 6 g, 2.19 mmo]) and commarcmlly avaxlable

(Fluom¢hem) 2—mﬂuommetboxy-benzyl magnesium bromide (0. SM solution in -

_ dlethyleiher 4.8 mL, 2.41, mmol, 1.1 eq) in anhydrous THF (15 mL) following General

Ps ocedqre 2. After addmon of auother 2 equivalents of Z-mﬂuoromethoxy-benzyl
magnesmm bromide and sticring for 2 hours at 0°C punﬁcatmn by ion exchange -

: _chromatography gives 45 (0 89g, 90%) MW 449.52; C25H30F3N03 LCMS (6 minute

'melhod)a m/z 4502 [M+H]", Rr 4. 084 min. _ _
I-Cfvclopentyl-I-marphoIm-Z-yI-Z{L[(tnﬂuow:netkyyoxy]phmyl} ethanol

. kydrochlfonde (46)

{
i
i
l
i
!

The free :base of 46 is obtained from 45 (886 mg, 1.97 memol), a—chlomaihyl
chiorofofmate (0.85 mL, 7.9 mmol, 4eq) and polymer-supported Hilmig’s base (1.11 g,
{



394 mmol. 2eq) in DCM. (15 mL) follomng Genemz Procedw-e 3, pmﬁcanon by :on

- exchange chmmatogmphy followed by preparahve LCMS and conversmn 1o 1ts

< hydrochlonde salt foﬂomng Geuem[ Procedure 4 g:ves 46 as a gum (140 mg, 20%)

- 'Mw 395.85; CmquFsN03.HCI 'HNMR (CD;OI)) 87 43-7 50 (11{, m), 7.34-7.25 (31-1,
m), 397 (IH, dd, 2.3 Hz, 12.5 Hz), 3.60-3.68 (zH, m), 3.27-3.31 (15, m), 3.03 @d,,
- 12.5H2),273-2.97 (GH, m), 2002.11 (1K, m), 1. 30-1 6 (SH, m), LCMS (12 mmute' S

R method) mlz 360 14 [M-HCI+H1 RTS 14m

Lo ij(:ompomd 47 is prepamd ﬁ-om 7 (1.27 g 4 465 mmol) and Z-phenylbenzyl magnesmm

" bromide (0:25 M solution in diethyl ether; 1.1 eq) following General Procedure 2.2

Phenylbenzyl magnesmm bromxde is prepared ﬁ'em commemally avaﬂable (A}dneh) 2- Tl

- phenylberzyl bromide followmg General Procedure 5. Purification by ﬂash columa

e chromatography (eluent, cyclohexane/EtOAC 90/10 [v/v]) gives 47 as viscous o (1.75 g)

47 is takon onto the next step without further purification. MW 441, 62 CaoﬂssNOZ, -
S _ LCMS {6mmutemethod)mfz442[M+H]+ R-;351mm. T

R 2-{1,1 -Biphenylj-z-yl’-l-cydopmgal-l—mmpiwkn—?-ylethmal }g:dmchloﬁde (43) : S

' “The free bass of 48 is propased from 47 (175 5,395 mmol), solid mpported Hﬁmg 5

" base (2.22 g) and o-chloroethy] chioroformate (1.62 mL) in anbydrous DCM (30 mL)

E ,' : ) followmg General Pmcedure 3 meﬁcauun by mn exchange chromatogmphy foﬂowed " : . '_



SwomoboanTy o T RIS o

by ﬂaall; column chromatogmphy (eluent, MeOHIDCM 1/99 to 20/ 80 [va]) gwes the free
- base as! a vmnus ozl (805 mg, 58%) whxch is eonverted into 48 follawng General T

A
I
N

Pracedhre 4. MW 387, 95; szstNOzHCL 'H NMR (CD;OD) ¥ 7 66-7 49 (IH, m)

. 7.19-7. 47 (sH, m), 3.92 (m, dd, 13Hz35 Hz), 3 59-3 67 (21-1 m), 3 05-3 16 (4H, m), )
S LCMS:j (12 mmm method) m!z 351 [l\{-HCl+HT R‘l‘ 5 68 mm-

-1, 19(8H, m), e

i I‘q"d“#""‘-""z'f 4'ﬂmﬂJ ’-bévfwnyﬂ-z-yl)-HWhenyhnethyomorphotm-z~ T
'-.-yleﬂmuptkydrochlande(w) ' R I AN

. - Compound 49 is obtamed from 7 (0 9 g, 3.29 mmol) smd 2—phenyl-5-ﬂuorobenzyl
magnﬁ*lum bromlde (O.SM so!uuon in 'IHF 724 mL, 3.62 mmol) in anhyﬂrous ‘I'I-IF (20

15_._._

' mL) followmg General Procedw'e 2 Z-thylﬁ-ﬂuorobenzyl magnmnum bromlde is .

. propareq from 2-phenyl-5-fluorcbenzyl bromide following General Procedure 5. Further

| B 2'1’13!51'1511--5--ﬂuvc;riolw:x;mrl magnesmm bromide is added after 30 min (0.3 eq,2 mL 0. 99
" mmol). Pmﬁcauon by ion exohange chuMgraphy followed by automated column

AR = chromaéogmph}’ eiuant, BtOAcln-heptane 0/100 to 20/80 [v/v]) gwes 49 (126 % 83%) 35

a ooleess hqmd. MW 459 61 CmIMNoz, LCMS © miute metlmd) /2 4605

B _z-cydolwy:-z-fmmﬂ.x ’-b@heuy:}-z-ytJ-zwhoﬁu-Z-ﬂdﬂm' fwm’*’"ﬁ“ S

i
|
{
i
1
!
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N The free baso of 5015 obtami ﬁ'om a3 (1 zs mig, 2 73 mmol), a-chloroothyl

N ‘_chzomfomate (118 mL, 10.9 mmol) and polymer-supported Hitig’s base (154 g5 47

- mumol) in DCM (25 mL) following General Procedure 3. Putification by ion exchange -

":.chromatography followed by automated colomn ohmmatography a]uont, MeOI-If DCM

R - 100 to 20/80 [va]) aod oonverszon o lts hydrochlondc salt gwos 50 as a yellow sohd S

S (0235, 23%). MW 405.94; CosHFNO, HIC; ‘HNMR(CD;OD) §7.20-7.37 (6K, m), S o
708, 13 (1H, m), 6.91 (1H,td,351—Iz, 8.5 Hiz), 3.80 (1H,dd,3.5Hz, 13 o:oz),uz- o

3.54 (2H, m), 2.99-3.06 (25, m), 2.93 (2H, ), 2.83 (IH,td,M)Hz, 125Hz),253 (IH.t,

120 Hz), 1.73-1.85 (1H, m), 1121 44 (8H, m) Loms (12 miaite mothod) w2 3702
-[M-»HCHH] RS 46mm. ' S

1pls 2, __ar '5 of' 'S-ﬂno '

| :..t"'t!'ﬂh dro-ZH- yran<4- l ano hydrog !ori . 2) - BT L
o 2 [S-Flu omiz_(makym)pmyqq.[ﬁfphmyhneﬂayumorphokn—)-yﬂ-l—tefrakydm—
=z_=--:'zg.pym.4.ym¢moz (51) '

= ';.:._‘Compotmd 51is obtamed from 8 (0 6 g, 2. {}7 mmol) and z-methoxy-s-ﬂuorobenzyl

- c * magpesium bromide (4.6 mL, 2.28 mmol, 1. leq) in anhydrous THE (15 mL) followmg
o Genera! Procedure 2. Furﬂxor oqmvalonts of z-methoxyus-ﬂuorobenzyl magnesiom . -
_ brormde (8.28 mL, 4 14 mmol) are addod aud the m:xtme is warmed to mom temporatare
R " and Ieft st:mng over mghL Punﬁoanon by ion exchange chromatography followod by ER
- automsted chromatography (ehient, n-heptane/EOAC 90/10 1o 30/70 [v/v]) gives 51 asa - 5_ o
o co}mn:loss oil (375 mg, 42%) MW 429. 54 CstzzFN04, LCIMS (6 mmuto method) mfz e
-_'..430.2[1\4+H}*RT312mm ' T R e




I
1

-'_2'-'{5‘; om-z-metkytang’)phenylj-l-mmpkohﬁ-Z-yI-I-teImkydm-ZH-pymn@ﬁefhmol

) *

| -The fr¢e base of52 is obtmned ﬁ'om 51 (031 P o 73 mmol), a-—chloroethyl -

" 5 chloroformate (o 31mL, 2.9 mmot) aud polymer—supported Hiinig’s base (0. 41 81 45

' momol}in DCM (7 L) following General Procsdure 3. Purification by ion exchange ©
I chromatography and convetsmn 1o the hydrochlonde salt followmg Geneml Procedw'e 4

S gives §2 25 awhite sold (0.19 g, 77%). MW 375.82; CigHuFNOSHCY; 'HNMR -
- (CDsOD): 5 6.98-7.01 (1H, m), 6.83-6.36 (2H, ), 3.99 (1H,dd, 3.5 Hz, 13 Hz), 34 B2

10 3.87 (36, m), 3.63-3.73 (SH, m), 3.12-3.33 (4H, m), 2.91-3.02 (26, m), 2.81 (2H,, 14
e Hz), 1 51 173 (sn, m), LeMs (12 minite meﬂmd) iz 3402 [M-HCI-I-HT RT 3, 73

AN
g
|
A

SEEY | L z-{s-dum-z-(mmﬂm)pkeuytj-z-lfﬂ-@hmyimahybmowkokn-2-y!}-1mbwm-
prmn—#y!ethaua”wdmdzloride(ﬂb) LA T o

i -:2-Methbxy-5-ﬁuoro-bmzylbmm1de (435 6 & 2 079 mol) is d:ssolved in toluene (1592

mL). a+ (400.8 g, 1386 mmol) is dissolved in toluene (400 mL). An meﬂed 0L vnsel is

. charged with 2-MeTHF (1202 mL), magnesiurh (50.59 g, 2.079 mol) and 1.5MDIBALH '

o (16m1b Thehenzylbromdesolunomschargadmaﬁmue!ﬂaskthenammualcharge
o __'.ofS% c}fthe total amountofbenzylbmmlde:saddedto themagnemummlxtureatzz"c

| Aﬂer 15 mma, the remamder ofthe benzyl bmmzde solunon 1s added over 160mms at

T T g T T
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Toom tempe.rature After an addmonal 1h stiring, the 8b solutmn is slowly added to the "
mixtute over 140 mins at -15°C. Aﬁer a further 30 mins, the quench is perfonned by
addition of acetic acid (124 mL) keepmg the temperature below -5°C, then a 10/1 viv
water/acetic acid mixture (2200 mL) is added keeping the temperature below 10°C. The

* organic layer js extracted at room temperature, filtered to remove Mg tummgs and leﬂ

overnight. The orga:m: layer is washed with water (500 mL), then basxﬁcahon is -
performed by addition of water (1600 mL) and NHsaq (311.8 mL). The orgamc layeris
concenirated and -propano] (2000 mL) i is added. The azeoirope toluene/i-propanol is.
stripped off under reduced pressure, then i-propanol is removed. The brown-~orange oil 1s
dissolved in i-propanol (2380 mL) then 12N HClaq (138.6 mL) and water (2380 L) are
added. The apolar impurities are removed with a cyclohexane wash (4760 mL) Then, the

' aqueous layeri is basnﬁed with NHiaq and extranted with toluene (4 L). The organic layer

- is washed with water (500 mL), then the combined aqueons layers are exiracted with -

15

toluene (4 L) and then this new toluene solution is washed wnh water (500 mL) The

combmed organic layers are concentrated nnder reduced pressure, then Z-propanol (2 L) is.

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

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

-8 76MHBraq (153.9 mL) is added. This mixture is allowed to stir overnight and a thin

20

25
. mixture is allowed to stir for 15 mins, then the solvent is partially stripped off to prowde

| suspens:on is observed. The prec;pltate is filtered and washed with THF (150 mL) to glve
34 g of racemic 51 as the HBr salt. The mother liquors are concentrated then toluene -

(1500 mL), water (500 mI.) and NH;aq (103.58 mL, 1.386 mol) are added. The orgamc
layer is extracted and washed with water @ 50 ml.). The combined ‘aqueous layers are
extracted with toluene (500 mL). The combined organic Jayers are dried over MgSOq and
concentrated under reduced pressure, then i-propanol (2 L) is added and stripped off
'agam. Then, the oil is dissolved in i-propanol (1 L), 12N HC1 (121.3 mL) is added and the

51b as the desired d1astereo1somer (1021 g; 98.4% ee)
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f > T _36_ q’){
- - 2-[ S-Fiiuom-z-mahyloxy)pkanyljal -momhafiu-z-yl-l-mkydmm-pymn«#ylefhaml
_.kqummae (525) :

f
I
1
o

o --.'.Aermbuuxemmadedmms:buom g),!-propanol(3630mL)andwater(639mL}
P Aﬁerdm‘gmg Wlt‘h Nz, 5% Pd-C 52% wet is added (105 6 g) and the mlxture is ﬁen
e ; _wlthhydrogen(SOps:) The reaction mixture is shaken for9h30mins, thenthe

_'_”-r"f:.':'-mmnnemﬁltmaonanyﬂoSupercmpad(looa)pre-nmbibadmmsoml- DRI

" propanbl/water (500 mL). The catalyst is rinsed with a §0:20; i-propanoliwater mixture

(500 mL): The solvents are stripped offthn f propanol s added (2000 L) 5 bepartmlly

1 0 ‘_Iremove;d again. Then ;—propanol is re-added (1400 ml). a.nd the heterogeneous m:xture in

o concen&aied to prowde an  of - wlnte sohd. To this crude alcohol 52bis aﬁded i—propanol

: '__3'_:;_ _; , (4474 :FL) and the mlxtm'e 15 heated to reﬂux mml a homogeneous Sotuhon is formed e

RN 'I‘hen, the. mixture is. eooled slowly and the crystalhzanon starts at 60°C 'Ihe powder zs '_ _i - R R
e ___--'-'_!ﬁlm-ediat room tempm:m, rinsed vmh -propanol (2x350 mL) and dned inder reduced

L "__'15_.-"‘_ __pressur; a.t 40"0 to glve hlghl}' Pwe compound 521: thh 80% recovezy yleld (98 4% ds,

: ___.____99.2%&) AR R e _

g ?--'-é_’o_:':.:"'f':':-'1-{4-(?&mymakyz)marphahn-z-yz]-t-zmahymzx-pﬁm-f-y:-z«{z-
e rraqummeﬂwz)mfpkwaemmf (ss) |

1

4
e

|

1

L | : _  'Compm#nd 53 is abtamed from 8 (0 61 g, 2. 11 mmol) and oommmfclally avmlable
R _(Fluorocfhem) zamﬂuoromethoxy benzyl magnesmm broxmde (4 6 mL, 2. 32 mmol, 1 qu)




i anhydrous TI-IF (15 mL) follmg Geneml Procedwe 2. F\nther 2-mﬂnommeﬂmxy

© . benzyl magnesium bmmlde (422 mL, 2.11 mol) is added Pmﬁcanon by ion exchange
| 'chroma:togmphy gwes 53 as an oil of 88% punty (1 398 molated mazenal, ca 88% pm:uy)
- which is directly used in the next step MW 465,52 CstJoFsNOA, LCMS (6 mmute
'.'.-me:hod) mfz466.2m+nr Ry367min. . |

R I-MotpIw!m-Z-yI-I-tetmlg*dro-ZH-pyrau-J-yl-Z-{?-[(m;horomethyl)o.xyj

T phwl}eﬂtanﬂi hydmmmde (54) | - -

S ._'_'rha free base of54 is obtamed from 53 (0.27 g 0.57 rnmol), U.-—ohloroethyl

| _ 'chlorofonnate (0.25 mL, 2.30 mmol, 4 eq) and polymer-supported Hﬁmg B hase (0.32 g s
7 115 mmol, 2eq) int DCM (5 mL) following General Procedure 3. Pusification byion Vi

. axchange chmmatography followad by preparatwa LCMS (gadlmt) and oomrers:on to
C , the hydrochlonde salt foliawmg Geueral Pmcedure 4 gwas 54 aswhlte Sohd (82 mg, oot
1 17%). MW 411.85; CisHoFsNO, HCL. *H NMR (CD:OD) 5 7.45-7.48 (IH, m), 7. 16'737

@ ®

‘.'-2-11,1 BxphenyU—-Z-yt-I-ﬁ-(phenyknethyl)ma:pfmlm-2~ﬂ]~14makydm2ﬂ-pyran4~

5 (R, m), 398 (11-1, dd, 4, 0 Hz, 13 Hz), 3.65-3.88 (48, m), 3 12-3 31 (4H, m), 2. 87—-3 01
o '_(4H, m), 130-1 68 (SH, m), LCMS (12 mmu:e method) m/z 376 I [M-HCI+I-I]‘°, R1-4.28

-pyran-4-ylethanol by '1_' de(s6) .-

N {fﬂeffzarwz (55)
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!

Compound 55 is prepared from 8 (0 56 g, 1.94 mmol) and 2-pheny] benzyl magnesium
brouuqle solutmn (0.25 M solution in diethyl ether, 9.31 mL, 2,33 mmol, 1.2 eq)
follovdmg General Procedure 2. 2-Phenylbenzy! magnesium bromide is prepared ﬁom
commemally available (Aldnch) 2—phenylbenzyl brom;de followmg General Procedure
5. Fur*her 2-phenyl beozyl magnesinm bromide solution (1 mL) is added and the reaction

C Jeft un;ier stirring overmght Pmﬁcatmn byion exchange chromatography gwes 55asan- _

ﬁlwl'hte foam-like solid (0.37 g, 68%). MW 457 62; C3oHasNO3; LCMS. (6 minute
me?hoﬂ) m/z 458 [M+H] Rr 3.58 min.
'2-{1,1 Blpkenyl}-z-y!-l-momholiu—Z-yl—I-tetmkydro-ZH pymn-tt—ylethanol

kydm(;hloride (56)
! -

Hﬂ-ca

1
i
|
i
l
!

The frde base of 56 is obtained from 55 (0.588 g, 1.28 mmol), sohd supported Hiinig's
base (d (/) g) and a-chloroethyl chioroformate (0.53 ml) in anhydmus DCM (20 mL)

- followin g General Procedure 3. Purification by ion exchange chromatography gives the
15 -

free baFe of 56 as viscous oil (©. 483 g), contarninated with a small amount of the N-
protected compound 55. The remdua is treated w1th an excess of reagents (1 eq) solid
supporfed Hilnig’s base (0.36 g) and a-chloroethyl chioroformate (0.26 mL) in anhydrous

" DCM (20 mL) and methano! (20 mL) and purified by ion exchange chromatography to

. give th,l: fiee base of 56 (0.432 g). Purification by preparative LCMS followed by -

20

25

‘conversion fo its hydrochloride salt follomng General Procedure 4 gwes 56 (0. 280 g, 54
%). MW 403.95; C23H29N03-HC1 'H NMR (CD;OD) § 7.45-7.59 (1H, m), 7. 10—7 35

(8H, m) 3.85 (1M, dd, 13 Hz, 3.5 Hz), 3.75 (1H, dd, 11 5Hz,35Hz),351—359(3H my),
2.83-3. 12 (7H, m), 2.64 (1H, t, 12 Hz), 1.36-1.52 (2H, m), 1.02-1 21 (2H, m), 0.90-0.94

- (11, m), LCMS: (12 min method) m/z 368 [M—HCI +H}", Rr 4.6 min. |

'I

i
|
* .
i
|
I

- - T PCTIUS2004/032771 o
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5 'Connnemally avmlable (Aldnch) 2—bmmobmzyl mmemum bromlde (0 25M soluﬁon m
o I-_dlethylethet, 48.9 mll, 12.18 mmol, 2.6 eq) is added n thres portions over 90 minutes toa
o " solution of 8 (1.35 g, 4.7 mmol) in dry THF (30 mL) at 0°C. After qumhmg with ice
o 'watm', saturated ammomum chlonde soluhon 1s added and the aqueous phase washed
; N . wzth EtOAc The oombmad orgamc phases m washed mth bnne and water dned over
10

-magnesmm sxﬂphate and solvents removed m vacno Punﬁcanon by 1on exchange

o chm:natogmphy followed by punﬁcatmn nsmg automated colunm chromatography o
o {ehent, EtOAdn—heptane 10/90 10 50/50 [vAv]) gives 57 (0.56 g. 25%) MW 460 42
L ]._f_024H30}3rN03, LCMS © mmnte method) mlz 4624 [M+H]+ RT 3.11'min.”

F”‘“"’"’“’""‘?"z*yf)‘l-!‘f-@mybmw mwnm.z-yw-rm '_ LT
f__f‘r.f;f_4-yl)-emm: (57) : e

: I- ‘l‘o a suspensmn of Pd(OAc)Z (2 44 mg, 0 011 mmol 0 02 eq) m acetommle ( 1 5 mL) is.
?_addedmphenyl phosphine (11.4 mg, 0.043 mmol, 0.08 eq) under nitrogen at room _' Lt
. 3 tanpﬁahn'e leadmg to the formanon ofa wh:te precxp:tate Addmon ofwater(o 5 mI..), L o
L gwes a dark grey solutwn aﬁm- 10-20 mlmltes whichls heawd to reﬂu‘x and 1eﬁ stnnng
- at reﬂux overmght. Further B-ﬂnom—phenyl bommc B.CId (70 mg, 0. 55 mmol, 1 eq) and
SR Pd(OAc)z (2-3 mg) are added and the mxxture is Ief surnng at reﬂux for another %

3-ﬂuoro~phenyl bomme acld (91 2 mg, 0 65 nnnol, 1 2 eq) and 57 (0.25 mg, 0.54 mmol) .




. 90- S T

- Com}md ss is obtamed from 57 (0.213 & ,0. 45 mmol), sohd supportedHﬂmg 8 ‘me Sl
(025 8)7.12 mmol, 4 eq) and a~chloroethyl chloroformate (0,19 mL, 1.79 mimol, 4 eq) m'-_”: c

e auhydré?us DCM (7 mL) follomng Geneml Prowdw'e 3. Prmﬁcat:on b*y 1011 emhange

R chromatography gwes the free basa of 58 as a white foam (125 mg) Whlch is f“fthﬂ'

ERA punﬁed 'by prepmuve LCMS. Convemon to its hydmchlonde salt follcwmg General

B 7 NMR (CDaOD) 87.60-7.45 (1H, m), 6.90-7.45 (6H, m), 3. 55-3 95 (SH, m), 2. 35-3 30 -

_ | E!Qm Ih g@:z-xl-pegtag-z-ol 1§0[ _ L SRR
o g 5’ P ’5_]+ ﬂuora—l—ﬁ ﬂuom-Z-(methyiow)phmyIM-ﬁ-(Pkef’J’MJ’v morpkohn-z-

i
i
i.

2

._ :-_ Compmind 59 is obtamed from 9 (0 7 £, 2.32 mmoi) and 2-methoxy—5-ﬂuombenzyl e
o magnesjim bmm:de (5 11 mL, 2. 55 :mnol, 1 qu) m dxy 'I'HF (15 mL) follawmg Geneml

o Procedutre 2. Punﬁcatmn by mn exchange clnbmatography gwes 59 as an 011 of 80%

»

e

| s :_‘:canon by ion mhange nhromatogmphy gwea 57 (0.21 g, 33%) MW 475 61 -
csommog, LCMS (6 mimite method): m/z 476.4 M, RT 341min,.
2—(3'-ﬁkmro-biphwl—.?-yl)—l-mmpkdiu-%yl—]-{tetmhydm—pyrm-&yl)—efkauot (58)

Procedire 4 gives 58 a8 a yellow gum (96.5 g, 56 %). MW 421.94; CiHaFNO; HCL; ‘H SRy

| _""'f__i-:_{loli, !Jf), 2.64(1H,1, 12, om), 0951 45 (SH, m), LCMS, (12 minute method) m’z 335 .
--:_.'f{;_f.M-Hchm RT464mm | | o



S 53, 5~mﬂwm-z-[sqﬂum-ﬂmhywmmﬂ]-z-»wrphoﬁn-2;ﬂlmm-“’ -

| _  . punty whmh is du'ectly used in the next step (0 9g rwomed matena]) MW 441 47
o c;;H-ﬂ&NOm LCMS (6 mimute method): m/z 4424 [M+Hj ,Rr336min. .

5 -{‘3;'_ hydmckloride (sw wr

'_{'rhe ﬁ'ee base of sn is obtamed ﬁ'om 59 (o 9 g, z 04 mmol), u—-chlomethyl chlomfo:mate .;'_
_;___(o’ss 1, 8.15 mmol, 4 ¢q) and polymer-supported Hnig's base {1.15 g, 4.08 mmoL T
2eq) in DCM (25 mL) followmg Geam! Pmcedure 3 Pu:iﬁcanon by mn exchange e
S ____\.fclflromatography followed by preparatlve LCMS and converslon 10 the hydrochloride salt : B
~ 10 following General Provedure 4 gives 60 s a yellow solid (0.133 g, 17%). MW 387.80;

. CiHnENOHCL 'H NMR (CDsODY: § 6.95-6.96 (1H, m), 6.86-6.87 (2H, m), 4.09.4, 13_.'. L

(16, m), 3.68:3.75 (481, m), 3.42-3.47 (1, m), 3.34:340 (1H, m), 3.16-3.25 (1, m), L
3.03-3.11 (2H, m), 2.83 (2, , 14 Hiz), 2.12:2.29 (2H, ), 1.58-1.68 (1H, m), 1.29-139
( _H,_m) LCMS (12 mmute method) m/z 352 1 [M-HCI+H]+ RT 4 54 and 4, 66 mm.

" j:kemrl}pmtaa-z-ol (61)

: 'Componnd 6] is obtmned fmm 9 (0 7 & 2. 32 mmol) and commama!ly avmlable
R (Fluomchem) 2-mﬂuoromethoxy benzy] magsesitim bromide (5.12 ml, 2.56 mmol, T
O 1 leq) in dryTI-IF (15 mL) followmg Genml Pracedm 2. Punﬁcahon hy ion exchange L




womyo.mn T Ay oL pcTus0MITIL

c chrom;}togmphy followed hy automated colnmn ohromatogmphy eluent, 1<, ! ,, y

hqm%to Act 00/0 o 50},50 [v/v]) glm 61 o moﬂ 0z % 25%) MW 477 45 . -
 CrHasfsNOs; LCMS(ﬁnnmxtemethod) iz 4784 [1\1+H]+ Ry3.63 min. S
B 5,5 im?mm}mmkoﬁn-z-ﬂ-l-@mmmdhﬂ)m]pheny{}pentan-z-ol T

!
i
}
N

D The ﬁ'ep base of 62 ]B obtmned ﬁ'om 61 (0.25 2 o. 53 mmol), u.-chloroethyl S
SR : chloroﬁmnate (0.23 mL, 2.12 mmol 4cq) and polymm*-suppoﬁed Hinig's base (0 30 g, . o
e m#ol, 2eq) in DCM (5 ml) fonamnz General Procedure 3. Purification by ion T
: . 10 mhmge ohmmmmhy fonw cdby pwpmm LCMS s converson m D
LA L hyﬂroclﬁlonde salt gives 62 as a yellow sohd (0 051 g, 23%) MW 423 78, B N R TR
SR CmezfsNos.Ha HNMR (CD50D): § 7.40-7.42 (1, m), 7.15-7.30 G, m), 409_4 13_.--__ Shn
(1M, m), 3713.78 (1, m), 3.50-3.53 (1H, m), 3.36-3.40 (1H, m), e i
e 2.89 4, 14 Hz), 2.09-2. 17 (2H. m), 1 65-1 75 (IH, m), I 30.1 40 (m:, m)’ LCMS (12 o e
15 aimwie hleﬁmd) iz 333 1 [M-H01+H1 R-r4 Omin. o T

et '.-‘::'-_I-[I,I’P;pkemr!]-z-yl-s,S,MMo—Z-[&@kanybuetbyl)mmpholin-z-ylperum-z-ot

B
[
|
e
!
]

_ ..---_:-._Compoqnd&ilsobtamed fmm9(07g,232 mmol) andZ-phenylbenzy] ma.gnesmm SR
- _;_bmmﬁ(loszzSSnanLl Iaq)md"}’mfﬁml')fdlowmg@enemfp R
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 2.2-Phenylbonzyl magnesium bromide is prepared from ccmméréiauy-avaﬂabza -
o (Aldnch) 2-pheny1benzy1 bromide followmg General Procedure 5. Punﬁcauon byi wn
" exchange chromatogmphy followed by automated coh:mn chromato graphy (elnant, |
. exane/BtOAc 100/0 to 70/30 [viv]) gives 63 as an oil (604 mg, 60% purity). MW 469 55
- CasHaoFsNOy; LCMS (6 minute method): m/z 4‘?04[M+H] Rr3.77 min. |

| -1-{1,1 -Biphenyl]-251-5, S,S-mﬂuoro-z-morphokn-z-yMn-z-ol hydrochlonde (64)

Hcm

. (056mL,5.15 mmol, 4deq) and polymer-mxpportad Himig's base (0.72 g, 2.58 mmol, ?.eq)

' inDCM (12 mL) following General Procedure 3. Purification by ion exchange followed
. by preparanve LCMS and conversion to the hydroch]onde salt followmg General o
x Procedure 4 gw(ts 64asa yellow solid (0 16 g, 30%) MW 415. 89 Cz]Hg;;F:;NOg HCL,

| - ‘HNMR (CD30D) 5 7 43-7.46 (1H, m), 7.18-7.35 (?H, m), 7.10-7. 13 (1H m), 3, 90- 395 - |

[ERn (1H,m), 3. 57-3.65 (H, m), 3.34-3.38 (1H, m), 2.92 (2H, , 145 Hz), 2.88-3.13 (4H, m), y

1.59- 1. 85 (ZH, m), 1. 15-1 39 (ZH, m), LCMS (12 mmute method) mfz 380 1 [M—

- .'=_-_.-_.HC1+H] Re 5.22 min.

20
e yl]lzexan-z-ol (65)

hol-z- lhex -2-0l h rochlorlde 6
6 6 &Tnﬂnom—]-ﬁ ﬂuoro-Z-(met!syloxy)p?wnyl}J-H p!:enybnetkﬂ) morpiwlin-z- :

\0”(

- The&eebaseofmxsobtmnedﬁomss(osg,129mmoi), m—-chloroethyl chlorofonnate L



o -‘*"”"’ ‘“‘”m L oSy

.G enen}lProcedmz (further 2~methoxy—5—ﬂuorobenzy1 magnesmn bromlds is added
7 (3.8 ml, 1.0 mmol)), Pm:ﬁcaﬁonbyzonexchangechromatogaphygwesﬁinm%
5 "3-_'_pmw¢smonwmchmd:mﬂywedmmemmep(ovgofmmmm MW
- 45550} CyHinFNOs; LCMS (6nnmztemethod)mfz 4562 [M+H]+ Re3S5 Gnun. R
Cn o 66,67 "'ﬂuam—]-{.i ﬂuara-Z-(meﬂ:ﬂoxy)pkenyJ]-zvmmphaI-%men
PR hydm{“oﬁde(w) | T

10 -The ﬁeqa base of66 is obtamed ﬁ:om 65 (o Tgl ss mmol), u—chlomethyl chloroformate S
© . (0i66 i, 6.1 mmol, 4eq) and polymer-supported Hiig's base (0.86 g 3.05 mmol, zeq) L
. in DCM (13 mL) following General Procedure 3. Purification by fon exchange -1
S '-"_chromaqogl'aphy followed by automated column chromatosmphy (GMGOHI DCM 0;'100 ;' i :
R te ZOIBQ [v/¥]) and conversion to the hydrochlonde salt gives 66 (0 19g, 40%) 35 a whne_ S
C 15 solid. MW 401.83; CriHzFNOsHCE ‘HNMR (CD;OD) ] 7.04-7, 08 (IH, m), 695697 .
(R, m)!. 421 (H, dd, 3.0 Hz, 13.0Hz), 378- 3.87 (4, m), 3.63 (1H, 46, 20 Bz, 110~ =
LT Hz), 3, 45-3 49 (1H, m), 3.27-333 (II-I, m), 3. 12~321 H, m), 2.97 (ZIL 14.0 HZ), L 97- o
o 213@Hm), 161- 176 (2H, m), 148-1.58 (1H, m), 1.17-131 (IH, m), 1cMs (12 P e
mimte uthod): 3661 m-ch-f-Hr RrdTzmin '

i
|
!
1
i
i
|
l
I




R '_Compound 67is prepmd fmm 10 (o 853 g, 2.71 mmol) and 2-phenyl benzyl maguesmm
. bromide (0.25 M solution in diethyl ether, 1.2 eq) following General Procedure 2.2~~~ -
. ' Phanyibeuzyl magnasmm brmmde is prepared ﬁom cmnmemmﬂy avaﬂable (Aldnch) 2- RS - |
e phanylbenzyl bro:mde follovnng Geneml Pracedum 3. Further 2—pheny1 benzyl AT
10 -"_magnemum bromide is added later (19.2 mL, 4.8 mmol). Punﬁcatmnby mtomated
~ colummn chromatography (elent, BtOAc/cyclohexane 20/80 to 40/60 [v/v], foﬂowed by R
" - ;mn axohange chmmatography glves 67as a viscotis oil (369 mg, 28‘7) MW 483 58 LR

o .. Cszaz F;NO;_ LCMS: © m;m method) m!z 484 [M-I-H]* Ry 4.:26 mm.

S i{.}:ﬁz-n,zr-mphenyy-zyt-ﬂ,é &Mﬂuom&mowliu-z-ﬂﬂsmm ’WMWe f"’)

'I‘heﬁ-eebaseofﬁhsobtamedﬁ'omlﬂ(0369&075mm01),s0hdsupportedﬂthngs ;

s = base © 43 J:4 a:nd a-chloroethyl “'hl‘mﬁ’mte (©. 32 mL) in auhydr ous beM (me)

L followmg Genem! Procedure 3, Pmﬁc:auon byi ion exchange chmmatography gives the S

e free base of 68 us 2 viscous ol (0.143 2 48%) which is converted into the hydmmonde“?if e
20 el
L (Cl)gOD) 7.447.47 (1H, m), 57.16735 (7}1 m), 7.08-7.11 (H, m), 3 94 (1H dd., 12, 5_'-_'.- S

A -:'._Hz, 3.5 I-Iz,), 357 aH, 4125 Hz), 3.34-338 (1K, m), 2 30-3 11 (6H, m), 1.65-3. 90 (ZH." o

N m), 102-1 24 (4H, m) LC'MS (12 minute method) m/z 394 [M~HCI+H] R«; 5.42 min. L

salt 68 follomng G‘e:zem! Pmoedw'e 4, MW 429 91 CnstNozFa HCI 1I-I NMR




- Compaund 69 13 obtamed from 77 (. 5 g, 2 04 mmol) and Z-methoxybenzyl magnemum ST
bromide (available from Rieke Metals) (0.25M solution in THF, 9.0 mL, 2.24 mmol, 11+

10

wozoo%rwzjz o pcTusaousrt

: I-ijl‘{?progyl-z-fz-(meﬂxyloxg;ﬁpkeny{]-]-[-#—@kenylmakﬂ) mrphakn—Z—yl]etImnoI
_ (69) i : : -

|

eq.) in la.nhydmus THF (11 ml) follomng General Procedure 1. Further 2- -

. meﬁomml magnesium brom:de (0.25M solution in 'I'HF 4.08 ml., 1. .04 mmol, 0.5
. eq) is 4dded after 10 mmutm Purification by ion exchange chromatography glves 69

- which s directly nsed in the next step (0.706g, 94%, >90% purity). MW 367. 4;
. --_czgnzg\xoa, LCMS (6 minute method): m/z 368 [M+H]*, Rr2.52 min.

| 15

: 1 Mpropy! 2~{ Hmefizﬂav)p!xwlj-hmmpka]m-z-yleﬂmol qumcblo:fde ( 70) -

1.

L { S - o (o

N oew

. .i-’l‘he ﬁ‘ae base of 70 13 obtamed from 65 (0 706 g 1 92 mmol), a-—chloroe:thyl o
- : chlomijprma:e (0.83 mL, 7. 69mmol 4 eq) andpolymer-snpported Hiimg sbase (1 08 g,_" o

e 3. 85 mqno! 2 eq) in DCM (25 mL) followmg Gerzeml Procedure 3. Ptmﬁcanon byion . B
B - exchange jon exchange chxomatography fonowed by automated oolumn chmmatography

20

._; : (elnemj DCM/MeOH, 90}’10 to 50/-50 [v/v]) gives the free base of 70 {0. 29 g 55%). A S
- sample (0 06 g, 0. 22 mmol) is oonverted into the hydrochlonde salt 70 folIMg Genera 1 L

 Procedyre 4 (63 mg, 99%). MW 313.83; CmHuNOs nci. 'HNMR (CDOD): 8 6.95-7.15

25

(2H, m), 6.60-6.85 (2K, m), 3.95 (18, dd, 2 Hz, 10 Hz), 3.55-3.7 (2H, m), 3.15-3.4 (2H,
m), 3 o$ (3H, 5), 2.7-3.95 (5K, m), 0.4-0.55 (1H, m), 0.15-0.3 (1H, m), -0.1-0.1 (35, m);

LCMS (12 minute method) miz 278 1 [M~HCI+H] R-;3 81 mm.

i
|




CwoaeesidTz L PCIUSI0N32TIE

e ..'--(:ompound s obtamed ftom 77 (0 36 & 1 47 mol) and 2~ethoxybenzy1 magnmmn

_brom:de (ava:labla from Rxeke Memxs) (O.ZSM soluuonm THF, 6. 4’7mL, 1.61 mmol, 1, 1
R eq)in anhydrous 'IHF 8 ) followmg General Procedure 1. Fuxther 2—ethoxybenzyl

-  ff;i?1d

magnesnnn bromxde (D.ZSM solutxon m THF 3.23 mL, 0. 8 mmol, 0.5 eq) 1s added aﬂer :f o o
o 30 mmutes Punﬁcation byi 1on exchange chmmatogmphy (eluent, BtOAc/n—heptane

e ono0te 40760 [viv]) gives 71 MW381 52 C24H31N03 LCMS (6 minuto methoﬂ) mfz
| ..';;3324[M+H] R1~283mm.

._f: t1sE.j B r'ff'f '... “ | | . - Gl S
o | 'I'he free base of72 is obtamed from ’71 (D 62 g, 1. 62 mmol), a-chloroethyl R
AR chlomfozmate ©. 93 07 mL, 6.49 mmol, 4 eq) and polymer-mlpported I-Iitmg s base

R L -2 324 mmol, 2 eq) in DCM (0mL) following General Procedure 3. Punﬁcanon

L '_ 1 Mpmpyl_g.[.z.(ahylagp)phenyl]-l-mwphalin-;’-yleﬂzmo! hydmchlaride (72}

. b}’ ioni exchange chromatography followed by mnomatad col‘umn chromatography

; (eluent, DCMMeOH 90/ 10 to 50/-50 [v/v] y gwes the ;ﬁ:ee base of 72 as an oil (©. 32 g,
- 68%) in 89% punty Converslon into the hydrochlnnde salt followmg General Procedure
 4gives 72. MW 327.85; C1-,-H25N03 HCL; 'HNMR (CD;OD), § 6.9-7.05 (2H, m), 6.60- -
68 (2H, m), 4.05 (1H, dd, 2Hz, 101-1z),37-3 85 (8, m),ss(m dt, 2 Hz, 7 Ha), 3. 15-
_'.3 45 (2H, m), 2.8-2.95 (5H, m), 1.15 (3H, 1, 7 Hz), 0.4-0.55 (1K, m), 0:15-0.3 (IH, m).
. 1-0 1(3H, m) LCMS (12 mimte method) wz 292 1 M-HCI-!-H]" RT4 44 fmin.
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. Compdllnd 73is obtamed from 7‘7 (0 7 g, 2. 86 mmol) and 2—pheny1benzy1 magn reiim R

brolmde(O.ZSMsoluhoanHF 1258mL 3.15 mmol, Ileq)manhyﬂrous'I‘HF(IS o

)

8 mL) fo‘llowmg General Procednre 1 2—Phsnylbenzy1 magnemum bmmde is prepared
- from c?mmerclally ava:lable (Aldnch) 2-pheny1benzyl brom:de follcwmg General
. Procedure 5. Further 2—phenylbwzyl magnesium | bromide (0.25M soltmon in THF 6. 3

' '_'mL,l JmemnI,OS eq)maddadaﬁer?:ﬁmmutes. P:mﬁcahonbyxonexchﬂnge

L chmmgmgmphy gives 73 as 2 gum (1.07 g, 91%). MW 413.56; CststOz,LCMS(G
-'__mmuteimethod) mfz4l44[M+H]"RT311mm_ . - o

- i 2- [ g ,I ,lb@hm!]_z,yl.j.qdopmm-l -ma'?kﬂﬁﬂ-z"yMﬂﬂd (7 4)

o '"Z"rhe fre,e base of 74 s obtained from 7 (106 & 257 mmol), oa-—chloroethyl |
. chloroformate (1. 11mL, 10.3 mmol, 4 eq) and polymer—supported Hiinig’s base (1 44 g,
8, 13 minol 2 eq) n DCM (30 mL) foliowmg Geueral Procedure 3 Punﬁcatlon by mn

___.20.-

L '_ ; exchange chmmatog:caphy followed by automaiad colmnn chtomatography gwes the ﬁee
‘base ofl74 (0.54 g, 65%) which is converted into the hydmcblonde salt 74 following -

. Genera'l Procedure 4. MW 323.44; CiHzsNOy. 'H NMR (CDCl) 85 7.46-7.53 (1H, m), B
| _730-7 ?4 (5H, m), 7. 18-7.30 (3H, m), 3.72-7.82 (111, m), 3.33-3.51 (ZH,m), 3 07-320 o

(3H,m), 2. 56-2. 80 (4H, m), 0. 25»0 39(2H, m), 0 07-0.19 (IH, m), 0; 09—0 03 (IH,m), -

: OZS—-OIG(IH,m) LCMS(Imeutemeﬂmﬂ) mfz3242[M+H] R-;496mm. '

b

o
T
I
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ol hydrochloride (79).

o _2-(4-benz;;rl-mmphokn-z-yl)-lﬁ-bis-(z-met}mxyyhenyb-pmpan-}al (78)

" 'Add a solutmn of 4—benzyl-morphohno—2ucarboxyhc amd athyl ester (1 12 g, 4.49 mmol)
in tetrahydroﬁnan (5 mL) to a stirred solution of 2-methoxybenzylmagnesiam chloride

(54 1mL, 0.25M solution in tetrahydrofuran, commercially available from Rieke Metals) at
- -10°C tmdor nitrogen a:tmosphore After 1 hour, add a saturated aqueous solution of

10
e gwe aresidue to be taken forward mthout ﬁmher punﬁcat:on MW 447 58; Cst33NO4, .

© LCMS (12 minute method): m/z) =448.2 [M+I-I]+) Rr4.8min. .
},3-3&-(2-meﬂ:oxypheer-Z-mo:photm—Z-yI-yropan—Z—oI hydrochlonde (79)

- 5

sodmm bicarbonate and extract with d:ethyl ether Combmo the orgamo layers and extract
w1th bnne, dry ovor magnemum sulfate ﬁlter and concentrate lmder roduoed pressm'e to.

. S . HGl - . N S : .

To a sohmon of 78 (2 2 g, 5 mmol) in EtOH (30 mL) lmder mtrogen atmosphere add
ammomum formate 3. 1 g 50 mmol} followed by pal]admm on charcoal (10 %, 2.2 g)
Stir and heat at reﬁux the rosultmg suspension for an hour. Allow the reaction m1xt1n'e to-

- cool to room temperature and then filter it through- Celite ®. Wash the Celite ® with _'

20

copious amounts of sthanol, combine the o:gamc Iayers and concentrate under reduced

' pressure to obtain a residue. Purify and resolve the residue by Chlral HPLC o gwo 79;
. MW 393 91; szHz7N04.HCI s'"H NMR (DMSO- Dg): 8 2 A1-2.52 (m, II-I), 2.61-2 78 (m,

S, 235-344(m,3m,3so-365(m, 11—1),37(s 3H),379(s,3H),400—4 12(m, IH),
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e, 4H), 7.07-125 (m, 31), 7. 7.26-7 35 m, m), LCMS (12 minute method)
| -_'mfz 353 1 M—HCI-PH]) R—;4 6 min Bmgla majorpeak, e T

o .' 1-(4-Btfnarl-mamhokn-2-yl)-1-{2~mezho:ghbeaw!)-z-(z-mefhompkenyl)-ethylanme 1

Mmfg (80) | =

o B '10"'. :':(1(}0 m],) at-m °C under an aunosphere ofnitrogenm added a aolunon of 2- -
" methoxybenzylmagnesium chloride (0.25M solution in tetrahydrofizam, 218 mL, 45
- mumol) gvaileble from Aldnch Chamlcal Campany or Rieke Metais) and the mcuon S 3 I
. mixturdis fusther stisred at—10 °C for 30 minutes. Then the reaction is allowed to m D
- tomomitempcramre and stirred ove;mght. Thereacnonlsﬂimeooledto 0 °C and
quencht;d by addition of hydrochloric acid (5N aqueons solunon, 50 mI..) and the. >
rosulting mixture s sitred for 10 Tinutes &t 0 °C. Next the solution s basified with o

I-_"_,_::sodmmpydroxzde (ZNaqueons soruuon), .ﬁltered thmughCehte@thmextmctedmth S

e 5 f_ ; d1ethy1 gﬂher, the orgamcs collected, dried (MgSO4) and the solvent removed under

e 40/6d [vAv]). The fracnons contmmngthe correct mass (FIA" [M+H]+=447) are |

25

ERE coﬁeﬁeﬂandpunﬁed vxapreparatweHPLCtogweaﬂ (72 mg). MW 566.69; e
O 203 c.;Hsoa,LCMS (12 mmutes method) m/z)== 447,2 ['M-C.;H304+I-I]+ R-r e

_I-Q-Mefhm»bmzyy-z-(z-meﬂ’wwkenyad-mmpfzolm-z-yi’-erhy!mne o

R dlfq:drofuoride (31)

I
. I

2 * reducedipresgure to give & residue which is taken up into metharol and purified by scx-z- BT
..chromaﬂogmphy prior to mhca gel chromatogzaphy (eluen:, ethyl aoetatefn—hexane’ 0;100 e :
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3 : '_f-.:'_To am ethanohc soluhgn of 80 (70 mg, 0 13 mmol)zs added ammOmum fonna.te
" (100mg, 1.6 mmof) and 10% PA-C (150 mg). The reaction i strred ot .
e : heated ﬁ reﬂux ﬁ:r 30 mutes than cooled and ﬁltared through Cehte ® The ﬁlirate !s

: 3  com din yacuo a.mi thﬂ res:duz 13 takenup mmethanot andpnnﬁed by SCX-Q. ®

- .'-'-'1011 exchmge mmmemﬂmg readueredlssolvedm aZMhyﬂrochIonc acld m

e :idlethyl etlm'solunonandtheneoncmtratedm vacuo m gwe 81 (1 7 mg. 0. 3%) MW oL
L ag93s; CoHizM,05.2HC, JH NMR (CD;OD): 3 2.65-3.02 (m, 6H), 3.05-3.16 (m, IHL o .' e
324341, 2H), 3:52-365 m, 1H), 3.70 (s, 3H), 3.80 (5, 3H), 391-4.05 (m, IH)s 68
10" 7.08 (m, 41D, 7.12-7.32 (m, 4H). LOMS (12 minate method) miz 3572 [M [
" "-'-”*'..-_"3""."':.f2ch1+H']‘R-.~ zov'm S

EREEE ;_i-_ﬁ_'-{' Compound ss is obtamed from sz (021 g, 0s mmol) and 2-pheny1—benzyl masnw'm R
7 bromide (49 L, 1.21 munol, 1.5 eq) in anlyerous THF (10 mL) foﬂowmg General o
e Procedure 2 and leﬁ sttmng for 50 num%s Pmﬁcatmn by xon exchange
Lo 20 chromatogmphy gwes 83 (o 16 g crude) whlch was dmcﬂy used mthe next step MW
3w CasHyNO;; LCMS (6 minuto method): miz 384.4 [M’fHT Re30smin .
: _-I-(Z-Méﬂlm'? Iemyt)‘ .anmf! akm- 2.me-2~91 hydrochloride salt ( 84)




R Theﬁﬂe base of&d is obtnmad ﬁoni &3 (& 80, 61 mmol), a—chlaroethyl ahiomfmmaxe:_'; S
(07 me, 1.2 mmol) and poxymar-snppomd Hﬁmg § base (0.47 g, 1 32 mmol. 3 eq) R L
S . ":'.DCM (§10 m’L) fonowmg GeneralecedumS Pmﬁcanmby 1on m:change fo!lowed by__;}'
i SpmparqnveLCMS mdmmmonhtheMndesaﬁfaﬂamgGmmtthM'_'=- PRI
4 ‘gives(84 as a yellow solid (0.1 g, 6%). MW 329.87; CrHzNOHE, HNMR
By (cnsob) 8 6.74~6.66 (m, 2H), 6.46-6.33 (m, 25, 3.69-3.61 (m, 1), 3.32-324 (m, m}, __ e

S 348 b‘?(n;, 1H), 2.92-2.84 (zn, 1H), 2.83-2.69 (um, 3H), 267-2.56{m,211),250-2 39
sl (m, 2H), 1.00-0.58 (m, 6HD), 041-0.32 (m, m),LCMS(lz mmutc method), mfz2942 c
o 10 [M-H +H]+ and 316.2 M-HCHNa]"’ RT4 158mm. ST AN I T

i

e -Compo{md 85 is obtamed ﬁ'om o (0.21 2,081 mmol) and 2—phenyl-benzyl mngnesmm j_". S
L bromidé (49 mL, 1.225 samol, 1.5 eq) in anhydrous THF (1omL) following General - PR
e Procedliim 2. Further eqmvalen‘ts of2-pheny1—benzyl magnesium brornids (20 mL, 50 "_ o e
RS mmol} e, added and the mxxmre is ]eﬂ: stnnng for two hours. Punficanon by fon’
1" 20 exchange chromatography gives 85 (0.16 g érude) which was directly used in the next

step M'W 429 51 Cst:ssNOz, LCMS (6 mmuta method) m«‘z 430 [M+H]+ R—; 346 zmn.

i
!
i
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' The ﬁ‘ee base of86 is obtamed ﬁum 8s (o i6g crudc), a——c:bloroethyl chlomfonnate (o i

- mL, 0. 77 mmol, exc%s) and po]ymer—-snppm‘ted Hﬂmg s base (1 15 mmol, excess) in-

- DCM (12 ml) following General Procedure 3. Purification by jon exchange followed by

" preparative LCMS and conversion to the hydrochloride salt following Genemzpmaedw:e
R 4 gives 86 as & yellow solid (16 mg, 5% over steps). MW 375.94; CagHlasNO; HCY; ‘n

CNMR (CDSOD): 87 90-735 (m, 9H), 430 (4, 18, 10. 5 Hz), 400-3.90 (5 18, 12 Hz),

P B Compound §7i is obtamed ﬁ'om 6 (o 33 & ms mmoI) and 2-ch1m-6-ﬂuom-benzyi
- rhagnesium bromide (8 L, 1.52 mumol, 1.5 eg) in aniydrous THF (15 mL) follomg
o Genera! Procedure 2, Fuxther eqmvalents of thlom-ﬁ-ﬂuom-henzyl magnesmm |
_bromxde(ZGmL,B75eq)maddedandﬁzennxmezsleﬁsmnngovermght. .
'Pm'lﬁcanon by ion exchange chromatography gives 87 {0.52 g, 99%) as a m;xture of two SR
. diastereomers (approximately 6:1 ratio), MW 405.94; Cz_aHnglFNOz, LCMS (5 mmute " E
”3method) m/z 4062[M+H]+ R7331an6339mm.

37244, 1H, 10.5 Hz), 3.5 (bs, 2HD), 3.4 (4, 2, 115 Hz), 335215 (m, 4H), 15009
(m, OED; 1 Lems (12 winute method) /2 3403 [M-HCI-I-H]“' RT 5.1 muin.

QIR l_ H@Bmwf-mrpka&n-z-yﬂ-z -(z-chtam-ﬁ-jbwro-pfzenﬂ)d-mahyl-pm-z-oi (8 7)
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5 .I{Z-CME—MMheny{)n&methﬁ—bmmphoﬁu-z-ymmM-Mhydrachloride
salt (sJ( |

DCM (15 ml) fo]]owmg General Procedure 3 Punficanon by jon exchange and UV-

. 'gmded preparanve and chiral chromatography followed by conversion of the ma,)ur -
 diastereomer to the hydrochloride sal following General Procedure 4 gives 88 (01455,

 32%). MW 352.27; CwH;_-..ClFNOzHCl "H NMR (CD;OD) 87.27-7.18 (m, 2H), 7.09- o

6.9 (m, 1H), 4.154.04 (m, 1H), 3.89-3.73 (m, 2H), 3.60-3.50 (m, 1H), 3.35-3 00(m, L
| 511) 1.88-1.69 (m, 2H), 1.32-1.15 (m, 1H), 0.97-0.86 (m, 6H); LCMS (12 minute

mfz 298.1 [M-HCl-HzOH'I] ‘and 316.2 [M-HC;+H]+ RT 4. 328 mm.

* The freg base of 88 is obtsined from 87 (0.52g, 1.27 mmol), a-chiorosthyl chloroformate -
(0.28 ml, 2. 54 mmol, 2 eq) and polymer—supported Honig's base (3.81 mmol, 0.98 g) in’ _.

 Compoad 89 is obtained from 6 (033 g, 1.28 mmol) and 2-chloro-benzyl mg‘gn;esium R

20

T _i_'_.bmmldel(SmL, 1.92 mmol, 1.5 eq) in avhydrous THF (15 mL) following General
Procedure 2. Further aquwalents of Z-chloro~benz.yl magnestmn bromlde (20 mL, 3 75

S eq) areaiddedandthennxture is Ieﬁshmngovermght. leﬁcanonby:on exchange

'chromatbgraphy g:ves 89 (0.598 g crude) which was directly used in the next step. MW .
1387.95; Czsﬁaocmoz, LCMS (6 mimute method): m/z 388 2 [‘M-}-I—I]+ Rr3. 13 min.
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" 142-Chloro-phenyl)-4-metipl-3-morphalin-2-ybpentan-3-ol hydvochloride salt (90)

The ﬁ'oe base of 90 is obtamed ﬁ'om 89 (0 598 g, 1 2‘? mmol), oa-chloroethyl o
a ohloroformate (0.31 1L, 2.82 mmot, 2.2 eq) and polymer—supportod Hiinig’s baso (4.23
: -'mmol, Lig)i m DCM @5 mL) fol!owmg Gerzeml Procedure 3. Pun.ﬁoaoon by mn

o exchange and UV-gmdod proparatwo and ch1ra1 chromatography followed by oonvermm _ .. L

- 10

: of the major diastereomer 1o the hydrochlondo salt followmg General Procedure 4 glves
90 (0.083 g, 19% over two steps). MW 334.29; CiéHzCING, HCL 'H NMR (CD;0D):
8 7 51-7.44 (m, 1H), 7.39-7.31 (m, 1H), 7.26-7.14 (m, 2H) 4 13 (d, lH, 9 Hz), 3.87-3 69

(. 2H), 3.47 (6, 1H, 9 Hz), 3.38-3.03 (m, 4H), 2.99-2.88 (m, 1H), 1.87-1.74 (m, 1H),

1.67-1.57 (sm, 1B), 1.20-1.09 (o0, 1H), 0.95-0.83 (m, GH), LCMS (12 nnnute method)

B mlz 280.2 m-ch-Hgmm+ and 2982 [M—HCI—?-H], Rr 4. 314 min.

' :'I'he pharmaooiogmal proﬁlo of the present compounds may be demonstrated as follows -

AH of the exemphﬁod compounds above have been founﬂ o exhibit a K.l valno less than

U ).tm atthe noropmophnne transporter as dotennmed usmg the somtﬁlanon proxlmxty -

L assay descnbod below. Fuzthezmoro, all of the oxomphﬁod compounds above havo boe.o -

25

. _' “found 16 inhibit tho norepmophnne transportor toa greator extent than the serotonm and

dopamme transportors usmg the somtﬂlanon proxmnty assays as doscn'bed below

' Standard molecular cloning techniques are used to. generate stabie cell-lines oxpressmg
 the buman dopammo, noropmephnne and serotonin transporters. The polymoraSo chain _
: reactlon (PCR) is used in order to isolate and amphf_«,r each of tho three full-longth cDNAs



i

L
1

| &omaPapﬁrbpnatecDNAhbrmy anemforPCRaredesignsdusmgthe fonowmg '
pubhs@edsequencedata. - B P

- Humml dopannnetmnspmter' GenBank M5167. Reference Vandenbe:gh D3, Persico AR
5 AM ad Ul GR. A human dopamme trmwpoﬂer cDNA predwfs reduced' gbzcosylanon,:: - B
__ - o 'dzsplayls a novei repetztwe element andpravides rachIy-dimo:phic TanRFZPs Ly

- Molectrlmr Bram Resemh (1992) volnme 15 pages 161 166 s

!
i

o Human; norepmephnnetmnsporter' GenBankMGS!OS Reference Pacholczyk T

S ":smm\}ekumauuomdrenaline ﬁ‘mspor‘ter Nature (1991) volume 350 Pages 350-354 I

Blakelj' RD and Amara SG. Expresswn doning of a cacaiue- and antzdepressaut— :

:_'5'._;"_-'?._:-'?"_Hmaqsm-ommn transporter: GenBank LOSS6S. Reference Rmnmnoorﬂlys Bauman _- C
AL, Mgore KR, Han H, Yang-Feng T, Chang AS, Ganapathy V andBIakelyRD EE
_ _".Anndegressmr-and cocaine-semiﬁvehuman serotonm b‘ampoﬁer Molec:dar clonmg,-’_ : R
"% . expression, and chromasomal localization. Procesdings of the Nat:onsl Academy of .
i ﬁ_:_'-._'_:".Smenc#: ofthe USA (1993) volume %, pages2542-2546 e

-ThePdRpmdmtsareclonedmtoamammahanexpresmonvector(egprASI ST
' '-_(Invitro%en)) usmg standard hgauon techmques The constructs m then used to stably

e transfeqt HEK293 cells usmg a commercially avaﬂable hpofect:on reagant Cen

" ._ . ._:(profeftamme - Inv:ttmgen) followmg the manufacture s protocol

S o Lo N | B
'I'hecodapoundsofthepresentmvenhonamnorepmephrmewuptakemhibltors,and T T

' 'posswsmellmt actmtym,for exmnple,asmnhllatlonproxmnty assay (a.g X Gobe!,
. DL Salssy and A. Goetz, J. Pharmacol. Toxicolo. (1999), 42, 237-244), Thus 8-~ .~
B 'msoxetlhe bmdmgtonwepmephnner&uptake sxtesmacell line transfected w:th DNA-.-:?.- L

1




wo 2005047272 A pCTmszoemazm #g“

o

encodmg humean norepmephnne transportar bmdmg protem 1s used to detenmne the

. aﬁmty of hgands at the norepmephnne tramporta

. .-.MembranePreparanon B

B Cell pastes from large scale pmductlan of HEK—293 cells exprﬁsmg cloned lmman

| norepmeptnme transporters are homogenized in 4 volumes SOmM 'I‘ns—I-ICI contmnmg
'300mM NaCl and SmaM KCl, pH 7.4. The homogenate is. cenmfuged thce (40 OOOg,

o 10min, 4°C) w1th pellet m—suspenmon it 4 volumes of Tris-HCl buﬁ'er comaunng the .

. above mgents after the first spin and 8 volumes aﬁer the se.ccnd spin. 'I'he suspended '_
- 10- el

homogenate is centnfuged (100g, IOmm, 4°C) and the supematant kept and re-

 contrifuged (40,0008, 20main, 4°C). The pellet is resuspended in Tris-HC! buffer R
* containing the above reagents along with 10%w/v sucrose and 0. 1M |

phenylmethylsulfonyl fluoride (PMSF).  The membrane preparauon is stored i in ahquotx

. - (imL) at -—80°C until required. The protem concentmuon of the mefmbtane preparanon is.

determmed nsmg a bmnchommc acid (BCA) protem assay reagent lut (avmlable from

o Plerce)

o [ﬁl]—N’soxetme Bmdmg Assay‘ _ ' S
- Bachwellofa 96 well microtitre plate is set up to cnntam tha f°11°W1ﬂg

20

25

som 2nM [N-methyl-’lﬂ-ﬂzsoxeune hydrochlonde (70-8?Cllmmol, from NEN Life

Sczence Products) .

N | k _. 75;11 : -Assay buffer (SOmM Tns—HCl pH 7. 4 contannng SOOmM NaCl and SmM KC!)
e 251 : -Test compound, assay buﬂ'er (total bmdmg) or IOp.M Desxpmmme HCI (non- B

N Speclﬁcbmdmg) o
501 Wheatgerm agglutmm coated poly (wnyltoluene) (WGA PVT) SPA Beads
" (Amersham Biosciences RPNQOOOI)(IOmgme) -

: 50p1 . Membrane(02mgprotempermL)

30

The microtitre plat&s are mcubated at room temperature for 10 homs prior to readmg m a

. _Tnlux scmtﬂlauon coynter. The results are analysed usmg an automahc splme ﬁttmg
'.programme (Mulncalc, Packard, Mxlton Keynes, UK) to prOVlde Ki values for each of the :
. test compounds - : :



S Membrpne prepamuon 1s essentxally s:mﬂar to that for the nowpmephrms hanSporter

contammg mpmbranes as d&eonbed above. The mmnbmne prepa:auon is stored i
o ahquotd (lmL) at --7o°c untd requxred. The: protem nomeﬁuamm ofth:e membrane
Pl‘ep 'onlsdetetmmedusmgaBCApmtﬂn assayreﬂsﬂﬁi ""t.' ERRALE

R :'-.-’[’m-mtalomm Binding Assay:

__;_'_-_.-_bf thetert compounﬂs

wo zoo]%mmz U PCTUS20AaETT / ¥

l R L

'I‘he "Iwofatwtcompmmdtoeompetemthfﬂ]-mtahpmmfontsbmdmgsﬁes on

cloned : uman serotomn transporter cﬁnu\mmg membranes is used as a mansure of tast

compomld ablhtytoblock serotonmuptakewa ns spemﬁc tranSporter (Ramamoorthy, ] |
"_“._._"_-:*-Giovmbtu E Qnan,Y Blakely,R. (1998))‘ Blol.(}henl.z?B 2458) Lo

_-__.._.;Bachwfltofa%weﬂmjcmutreplatexssatupmmmmefollm SR
50"-1 g -'ianfH]'ClWOPm (50-3501111111101. Amersham Biosciences) 0o
75|,.1!Assaybuﬁer (50 Tris-HCI pH 74 contalmng ISOmM NaCl and SmM ch) o
ﬁmlnumed r;ompound, assay huﬁ'er (total bmdmg) or 100|.|M FIIIOXetme (mm

L spec:ﬁcbmdmg) e
" :i{:waA PVT SPABeads (40mg/m1,) o
'Membmnepreparaﬂon(04mgpmtempermL};_z: PR S

_Thennqmﬁtraplatesaremcubated atroomtemperamfm'whomspnortomdmgma LE

Tnlux npmt:ﬂatlou countet The results are analysed usmg an antomahc splme ﬁttmg

'pmgmime (Multicale, Pankard, Mllton Keynes, UK) to pmwde. Ki (nM) values for each

B - .._j-:..;The abil,tty of atest cumpound to wmpetew:th ["‘H] ‘WIN35 423 for zts bmdmg ms oﬂ _
R -human qell membranes conmnm,g cloned hmnan dmamme iranSporter has been used as a L



-_ 'meaam:e of the abxhty of such t&et conapounds to block dopamme uptake via 1ts specxﬁc - o o
ﬂ:_itranspmter(kamamoorthyatal 1998 supra) - e

- Isessenﬁany the sameasfor membranes contmnmg clonedhumanserotomn transporter

- . _as descn'bed sbove.

: .I '[3H] WIN35 428 BmdmgAssay' o \ R
S Bach well of :1 96’we11 nncroutre plate is setup to contam the follawmg'
| - 75 e Assay buﬁ‘er (SOmM Tns-HCl pI-I 74 contammg ISOmM NaCI and 5mM K.Cl) __

Soul '.'4nM {’H] wmss,exza (84-87C1fmm01, fmm NEN Llfe Smance Pmducts)

o f’_ispmﬁc bmd.mg)

. SoulWOAPVT SPABeads (1 omgxmL)

50,_0 ":_'-:Manbrane preparatzon (0 ng proiaem per mL) L

S, - The mzcronh-e piates are mcubated at room temperamre for 120 mmm pnor to readmg
. | : : m a Tnlux scuml!ahon caunter ’l'he results are analysed uszng an automaﬁc 8phn3 ﬁtnng
B pmgramme (Multmalc, Packard, Mﬂton Keynes, UK) to prowde K.l values for test

| compounds

o Theacxd stablhty of a compound accordmgtotheprasent mvennon may be determxnedas ;

-'tasolutwnmbuﬁ‘erawdxﬁ‘erentpHvaIues(HClﬁ lN,pHZ PH4 I’H6 PH'? ande

DT | a 'S)at40°Coverat1mecomseof72hours. Samplesmaybetakenatthebegmnmgofthe

smdyandaﬂers' Gmd%hommdmﬂysedbycapﬂlaryelectrophorems Theongmal |

- sample used in the study may contain 0.8% of the undesired epimer as internal standard.

o - Ifthe tested compound is chenucally and conﬁgumtlonally stable under amdw condmons : _ __
o - the smnples taken at the d;ﬁ'mnt t:me pomts dunng the study shouid not show any ::..
S LR Sigmﬁeantchansemthepementageoftheundm emmer S o
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N Cytouhrome P450 2D6 (CYPZDG) is amammahan enzyme wlnch is commonly S | .
- assocmted with the metabolism of around 30% ofpharmaceutlcal componnds. Moreover, '

| dzymeexhlbstsgeneﬁcpolymorph:sm,ramﬂungmtheprmemeofbothnmmaland D
- poor metabohzm in the populatmn. A low involvement of CYP2D6 mthe metabohsm of X o

a compf?lmds (i.e. the cumpomdbemgapoorsubstrate ofCY?zDﬁ)lsdesu'ablemorderto.".

. redncq any vmablhty from Sllb_]&ct to sub_]eﬂ m the pharmacolunehcs of the compmmd

~ ‘Also, fompounds with a low inhihibitor potential for CYP2D6 are desirable in orderto .

10

avoid ( dmg—dmg interactions with co-administered drugs that are substrates of CYP2D6

'_ Comp}nmds ™may be tasted both as substrates and as mhibxtors of thxs enzyme by meaus of " o S

: .the fc]ilowmg assays.

s
- - inven

25

30

a Ti:us aisaydetermmes the extettt ofthe CYPZDG enzyme mvolvment in the total

" oxldajvc metabohsm of a comnpound in microsomes, Preferred compounds of the present - |
on exhibit lass than ?S% mtal metabohsm via the CYP2D6 pathway '
'For tbx,s in vltro assay, the extent of oxxdauve metabohsm in human hver rmcrosom&a
(HLM) is determmed after a 30 mmute mcubahon in the absence and presence of '_ .

- .Qmm ine, a specific. chenncal mhibltor of CYPZDG The d:ﬂ‘erence in the extent of -
.+ metabglism i in absence and presence of the mhibntor mdxcates the mvolvement of

__CYP2fP6mthemembohsmoftheeompound.
_ '|'- _
hlsandMethods

Hmnaﬂ liver nncrosomes (m1xture of 20 dlﬁ'erent donors, nuxed gander) are acqm.red

from I}uman Bmlog:cs (Scottsdale AZ,USA). Qmmdme and B-NADPH |
{B—Nigotinamide Adenine Dinucleotide Phosphate, reduced form, taetrasodmm salt) are
pm-chas_ed from Sigma (St Louis, MO, USA). All the o_ther reagents anc_l solvents are of s
: analyti%:al grado. A stock solution of the new chermical entity (NCE) is prepared ina
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mixture of Acetonitrile/Water to reach a ﬁnal concentration of acetonitrile in the
incubation below 0.5%. ' '

WO 2005/047272 ' PCT/US2604/032771 k‘y/
- ) . "}

The microsomal incubation mixture (total volume 0.1 mL) contains the NCE (4 uM),
B~NADPH (1 mM), microsomal proteins (0.5 mg/mL), and Quinidine (0 or 2 pM) in 100

* mM sodinm phosphate buffer pH 7.4. The mixture is incubated for 30 mimtes 2t 37 °Ciin

a shaking waterbath. The reaction is terminated by the addition of acetonitrile (75 pL).
The samples are vortexed and the denaturated proteins are removed by céntriﬁzgaﬁon. '
The amount of NCE in the supematant is analyzed by liquid chromatography /mass
spectrometry (LC/MS) after addition of an intemnal standard. A samplc is also taken at the

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

-Analysm of the NCE is performed by liquid chroma:tography /mass specn-omet:y Ten uL o
 of diluted samples (20 fold dilution in the mobile phase) are injected onto a Sphensm'b

CN Column, 5 pM and 2.1 mm x 100 mm {Waters corp. Milford, MA, USA). ’I‘he mobile
phase consisting of 2 mixture of Solvent A/Solvent B, 30/70 (v/v) is pumped (Amance
2795, Waters corp. Milford, MA, USA) through the column at 2 flow rate of 0.2
mL/mimute, Solvent A and Solvent B are  mixture of ammonium forrate 5.10° MpH

4.5/ methanol in the proportions 95/5 (v/v) and 10/90 (v/v), for solvent A and solvent B,
respectively. The NCE and the internal standard are quantified by monitoring their
: molecular ion using 2 mass spectrometer ZMD or ZQ (W aters-Mcromass corp,

Machester, UK) operated ina posmve electmspray ionisation.

' The extent of CYP2D6 involvement (% of CYP2D6 involvement) is calculated

comparing the extent of metabolism in absence zad in presence of quinidine in the

_ incubation.

The extent of metabolism without inhibitor (%) is calculated as follows:

{NCE response in samples without inhibitor}time 0~ (NCE response in samples m:hout inhibjtor)time 30 <100
' {NCE response in samples without ithibitor)time0
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- The exﬂent of metabuhsm with inhibitor (%) is calclﬂatted as follows:

. | (NCE response in samples without inhibitortime 0 - (NCE ws;:onse in saznples with inhibitor)ime 30
I _ (NCE response in samples without mh:‘bnor)unwo '

where the NCE response is the area of the NCE divided by the area of the mtarna]
standard in the LC/MS analysis chromatogram, time and time30 cozrespond to the 0 and

=10

30 mmut&s incubation time.

P
The % pf CYP2D$ involvement is calculated as follows :

(% extent of metabolism without inhibitor) - (% extent of metabolism with mhi'n:tm-)
N % extent of metabolism without mhibltor

- .
CYP2D I6 inhibitor assay

. Prmclpl

The CY|P2D6 inhibitor assay evaluates the potentlal for a compound to inhibit CYP2D6

'_I'hls is perfonned by the measurement of the inhibition of the bufuralol 1’-hydroxylase | |

activity|by the compound compared to a control. The 1’-hydroxylation of bufuralol is a
metabolic reaction Spec:lﬁc to CYI’2D6 Preferred coni;ﬁounds of the preSént inﬁntion
exhibit an ICso higher than 6 uM for CYP2D6 activity, the ICsp being the concentration of
the corqpound that gives 50 % of inhibition of the CYPZDG activity.

|
Matenap and methods:
Human liver microsomes (mixture of 20 different donors, mixed gender) arg acqmred |

from Hyrman Biologics (Scottsdale, AZ). f-NADPH is purchased from Sigma (St Louis,

MO). Bufuralol is purchased from Ultrafine (Manchester, UK). Alt the other Teagents and
solvents are of analyncal grade, - A S

o | _ | |
Microsdmal incubation mixture (total volume 0.1 mL) contains bufiraloel 10 pM,
B—NA]jPH (2 mM), microsomal proteins (0.5 mg/mL), and the new chemical entity
(NCE) {0, 5, and 25 pM) in 100 mM sodmm phosphate buffer pH 7.4. The mixture is
incubatéd in a shaking waterbath at 37 °C for 5 minutes. The reaction is terminated by the

 addition of methanof (75 ul). The samples are vortexed and the denaturated proteins are

removeii by centrifugation. The supernatant is analyzed by liquid chromatography
| ' :
i

y

_\’ﬁ
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- ccnncctcd to a ﬂuorescence detector The formation of thc 1’-hydmxybuﬁ1ralcl is -

wmonitored i in control sampicc (0 WM NCE) and in the samples incubated in presence of -

the NCE. The stock solution of NCE is prcparcd in 2 mixture of Acctcmtnlchatcr to

reach a ﬁnal conceniration of acetcmtnle in the mcubatlon bc!ow 1 0%

The de:minaﬁon of 1 'hydmxybuﬁnaloi in the samples is pe'rformad By iquid

» - chrcmatogra.hy w1th fluorimetric detection as dcscnbcd bclcw 'I‘chty ﬁve uL satnplcs o
 are mjcctcd onto a Chromolith Performance RP-ISe colnnm (100 mm x 4.6 mm) (Merck . - -

\'z“f

KGAa, Darmstadt, Germany) The mobile phase, consisting of a mixture of solvent A and e

10 -

solvent B whose pmportlons change according the ﬁ)llomng Imcar gradlcnt, is pumped i
) throughthecclumnat a flow rate of 1 mI/min; '

[ Timo Gurimites) | Solvent A (6} .So_lvcntB{%)
(o s 3
20 16 135
25 0 100
33 0 100
60 6 35

t6 control samples {no NCE) ata known ccncentratmn cf the NCE. .

o - Solvent A and Sclvent B consist of a mixture of 0.02 M potassium dihydfogencphcsphate

. buffer pHB/ mcthancl in the propomcn 90/10 (v/v) for solvent A and 10/90 (va) for -

s
. ; ﬂuonmetnc dctecncn wltb extxncncn at A 252 nm and cmiss:lcn at .'A, 302 mn

. The ICso of the NCE for CYP2D6 is calculated by the measurement of the percentof
Lo N mlnbitmn of the fcrmaticn of the 1’-hydrcxybuﬁ1ralol in presence of the NCE ccmparcd =
20 |
| Thc percent of mhxbmcn of the fcrmanon cf the 1 -hydroxybuﬁn'alol is calculated as "

| _ fcllcws

B sclvent B. The run time is 7.5 mmutcc Formation of 1’-hydmxybuﬁnalol is mcmtcred by _
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(1 hydmxybuﬁualol formed without inhibitor) (1 mmyhmmw formed w;ﬁ: mhnmor)
{I-kydroxybufuralol area formed without mh:bztor)

=100

- The Iqa is calculated from the percent inhibition of the formatmn of the 1’-
-' hydroxybufuralol as follows (assuming competitive mhbxhon)

o NCE Congentration x(100- Percent of inhibition)
' ' Peroentof inhibition

The ICslo estimation is assumed valid if inhibition is between 20% aud 80% (Moody GC,

Griffin SJ Mather AN, McGimnity DF, Riley RJ. 1999. Fully automated analysis of

| acuvmds catalyzed by the major human liver cytochrome P450 (CYP) enzymes
'assessﬂent of human CYP inhibition potennal Xenobmnca, 29(1) 53- 75)

N
|
l
|
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_. : whﬁrem, ERCR _ .
U RisOR; c1-c4 alkoxy, NHg or NI-I(CI-C4 alkyl), S
IR ;_'"._'Rmeorcum alkyl; -
3 . :';‘RYISH or 01-04 alkyl, RN TS R SR AR I S R TCIME I S
DR 10 each Rz gmnp 1s md6pendently H or CI-C4 aﬂxyl, wnh the provxso ﬂlat not more than 3 j_ Ao
B Rl is CI-CG a]kyl (optmnally subsututed thh 1 2 or 3 halogem atoms andfor w:th 1 SRR
subshtuent selacwd from Cl-C4 a]kylthw (opuona]ly substm:ted thh 1 2 or3 ﬂuomle S AR
Lo atoms), Cl-C4 alk:oxy (opnona.lly substlttrted thh 1 2 or 3 ﬂuorme atoms), CS»CG SIS
15 eycloalkoxy, C1-C4 alkylsulfonyl, cyano, c0-0(cz-c2 alkyl) =0-COC1-C2 aIkyI) T
S ad hydroxy), cz-cs alkenyl (opuonally substituted with 1, 2 or 3 ‘Halogen atoms), cs- g _'; P e
Y CG cycloallcyl (optmnally substituted thh 1, 2 or3 halogen atoms and/or w1th 1 S
© .+ sibstituent selected from C1-C4 alkoxy and hydroxy) whereis onie C-C bond w:thm the o '_'.-jf??' o
T cycloa]kyl mozety is Optxonally subsututed by an O-C S-C or C==C bond, C4-C’7 -
| N . 20 cycloalkylalkyl (ophonally subsutmed mth 1 2 or 3 halogen atoms and/or vnth 1
RS subsument selected from CI-C4 alkoxyand hydmxy) wherem one C-C bond mthm the
o o cycloalkyl motety IS apuonaﬂy substltuted by an O-C S—C or Cﬂc bond, or CH2A12 and R
. - ° Arl and Ar2 are each mdependently nphenyl nng nr a 5- or &mmbered heteroa:ryl rmg -
e _' mh ofwhmhis opt:onallysubstlmtedmth 1, 2 or3 substttuents (dependmgupon the . T
" g 25 __".-._'..'number of avaliable subsutuuon posmons) eac.h mdependently selected ﬁ'om Cl-C4 alkyl
U * (optionally mbaumted with 1, 2or3 halogen atoms}, C1-C4 alkoxy (opuonally o
BT '_ subst:tuted with 1, 2 0r 3 ba!ogcn atoms), 01.04 alkylthw (optzonally subsnmted thh 1




S 'sen atoms), -000(01-04 nlkyl). cyano-;; NRR; - com"ha:o and hydroxy_;__ S
: aﬂﬂf()t Wlfh 1 subsntuent selected from pyndyl, thlopheﬁyl, phanyl, benzyl ﬂndphenoxy - -Ir o
n = .-: each ofwhmh Js opuonally nng‘subﬁﬂmtﬂd thh 1 2 or 3 mbmmm each mdepend ently. . - | L
S : selected from halogen, C1-C4 alkyl (optionsly subsnuned vath 1,203 halogm m)‘ L
LS e alkoxy (optionally substituted with 1, 2 or 3 halog atoms), i
" hydroxy, oyauo, -NRR, “CONRR, sozmuz and 302& amd
T s each R is mdePendentlyH or CI-C4 a,lkyl, S
o 'or a pha:mamﬁcany acceptable salt thereof

1 2_ A oompotmd of fonnula, (II)

Ea Whﬁﬂn’ x’ Rx» RY, RZ;RI md AII are a8 defmed forformu]a (I) in claim 1. .or a
TR 'phmmaci'.uucally acceptable salt themof. L SRS

- A compound as claimed in any preceding laim or claim 30 wherein Ry is .

T A compmmd as clammd in any oneofclmms 1 to 6 or 30 to 32 wherem Rl is Cl’.{-;”'
25 CG alkyi optzonally subsﬁtmedmth 1 2013 halogen atoms and!orthh 1 subsutuent S
e gelected from CI-C4 dkylthlo (optmnally S\lbshmted Wlth 1, 2 or 3 ﬂuonne atoms), C'l- . ::'. | '_ . :' S
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C4 alkoxy (ophonany subsntuted with 1,2 or 3 ﬂuonne atoms), CB-CG cycloa]koxy, Cl- ", e

_ _-C4 a]kylsulfonyl, cyano -CO-O(CI-C2 alkyl), -(CI-C2 a]kyl) and hYdroxy,. 0 e

S8 AcompmmdasclalmedmanyoneofclalmsltoﬁorBOtoStherele15C2-
C6 alkenyl opnonallysubshtuwd w1th1 201-3 halogenatoms '

9 Acompound as clannedm any one efclauns 1 to 6 or 30 to 32 whmm RI 18 C3-_ _ |

. C6 cycloa]kyl optmnally substituted w:th 1,20r3 halogen atoms and/or with 1 -
- substituent selected from C1-C4 alkoxyandhydmxywhm one C-C bond w:thm the o
10 .

.cycloalkyl mo:ety is Dptlonally subshmted by an O-C S-Cor C-C bcnd.

10. Acompoundasclmedmnyoneofczmms:tosorsotoszwhemmm:sm-

C7 cycloalkylalkyl optionally substituted with 1, 2or 3 halogen atoms and/or with 1.

" substituent selected from C1-C4 alkoxy and hydroxy wherein one C-C bond within the
) :cycloalkyl mmety is Optlonal}y subsntuied by an O—C S—C or C=C bond. ' '

- 11. Acompoundasclmmedmanyoneofclmms 1 toGorBOtoStherele is

. : CHzArZ wherem A2 i isa phenyi rmg ora 5- or @membered heteroaryl nng each of

20

30

e _:".whlch is Opt:onally substtmted with L2or3 subsnments (dependmg upon the number of
: avaﬂable substmmon pomtxons) each mdepmdently selected from C1-C4 alkyl

o .(optmnally substltuted with1,20r3 halogen atoms), CI-C4 alkoxy (Ophonally
substxtuted w1th 1,20r3 haloge.n atoms), CI—C4 alkylthm (opnonaily substntuted ‘with 1 L
2 0r 3 halogen atoms), -CO-O(C1-C4 alkyl), oyano, -NRR, -CONRR, hlo and hydroxy |
| and/or with 1 subsntuent selected from pyndyl ﬂuophenyl, phenyl, benzyl and phenoxy e

.~ each of which is opuonally rmg—:mbstlmted with 1, 2 or 3 substltuents each mdepende.ntly o
sclested from halogen, C1-C4 alkyl (optionally substitnted with 1, 2 or3 halogen atoms), -

C1-C4 alkoxy (Ophonally subsututsd with 1, 2 or 3 halogen atoms), carboxy, mtro
hyd:oxy, cyano, -NRR, ~-CONRR, SOzNRR and SOgR. L

12 A compound as clanned m any precedmg claun or clmm 30 wherem Arl is a

o _ phenyl nng ora5-or 6—membered heteroaryl ring; each of whmh is mbstm\ted m the |
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 ortho position with 2 substituent selected from C1-C4 alkyl'(apﬁonauy substituted with 1,

2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen

atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), -CO-O(C1-

C4 alkyl), cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiophenyl, phenyl, benzyl and
phenoxy, cach of which ortho substituents is optionally ring-substituted (where a ring is
present) with 1, 2 or 3 substituents each independently selected from halogen, C1-C4'

alkyl (optionally substituted with 1, 2 or 3 balogen atoms), C1-C4 alkoxy (optionally
| _substimted with 1, 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, -NRR, -

CONRR, SOoNRR and SO»R; and each of which 1s(1n addition fo ortho substitution)

 optionally further substitated with 1 or 2 substituents each independently selected from

C1-c4 é]l_cyl (optionally substituted wit_‘n 1, 2 or 3 halogen atoms), C1~C4 alkoxy
{optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally
substitated with 1, 2 or 3 halogen atoms), -CO-O{C1-C4 alkyl), cyano, -NRR, -CONRR,

 halo and hydroxy.

13.  Acompound as claimed in any preceding claim or claim 30 wherein Arl isa
group of the formula (a): | |

R5. @

wherein,

" A is N or CR6 (preferably CR6); R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3

halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1~

C4 aJlethio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl,' .
" thiophenyl, pheny! (optionally substituted with 1, 2 or 3 substituents each independently

selected from halogen, C1-C4 alky! (optionally substituted with 1, 2 or 3 halogen atoms),
or C1-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 H, C1-C4
alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally

A



o _-fffmmted with 1, 2o 3 halogen atoms), (:1-04 alkylthlo (ophonally substxtuted w1th 1
2 or3 halogen atoms), haloorhydmxy; andR6 (lfpresant) mH, T

R _ﬁ, 'whm-em, x, RI aud Arl are as deﬁned for formnla (I) in °1ﬂm1 or aphmm"““y

- 10 _.-.-'15 Acompound accordmgto claun 14 wherem
Ee X is OH orNHz, _ R T T
 RIis CI-Caliyl (opuonany substitted with 1, 2 orB'haJogen atorms andfor with 1 e

-'_':_;'substltuent selected from CI~C4 alkylthlo (opnonal]y mbsmm w:th 1 2 or 3 ﬂuonne R

IR -'_'_';:::'_amms), Cl-C4 alkoxy (optlonally mxbsntmed wﬂh l, 2 ora ﬂuonne atoms), C3~CG S

B 15 '._:f._'gfcycloa]knxy, CI~C4 alkyisulfonyl. cyauo, -CO—O(CI-C:Z a]kyl), —O—CO~(C1-02 alkyl)
L and hydroxy), C3-C6 cycloalkyl (optionally suhsututed with 1, 2or 3 halogen aiaoms

B : and/or with 1 subsument selected from CI-C4 alkoxy and hydroxy) whmm one C-C

i - bond wlthm the cycloa]kyl mo:etyls op‘nonally substltuted by an O~C S-—C ar C=Cbond

5 ) e CH2A:2 wherem ArZ isa phznyl ring or a pyndyl (prefembly 2-p}'nd3’1) nng each °f
: 20 Whlch may be substumed wlth 1 2 or 3 substmwnts each mdependenﬂy selected from

" cubstituted with 1,2 or 3 halogen atowi), halo and bydroxy; and

s \:-_'-01ac34 alkyl (optmnally mbsnmted with 1,2 or 3 halogen atoms), C1:C4 aIkoxy
. (optionally: substxmed with 1, 2 or3 halog.m amms), C1-C4 alkylthlo (optxonally

T o .:_ Aflisa phenyl rmg ora S or &membered hetm*oaryl nng; emch of wluch is subst:tuted m
25 the ortho position with & substituent selected from C1-C4 alkyl (optionally substituted -
SO withid, 2053 halogen atoms), C1-Ca alkoxy (opﬁonally sbstiwed with1, 2003
--':_!haxogm atoms), 01-04 alkynmo (0phona11y subst:tutad w:th 1 2 or 3 halogen atoms), B ST




S WOReesTZIZ

- _. CO-O(CI _c4 alkyl), cyano, NRR, _CONRR, halo, hydroxy, pyndyl, tlnophenyl Phen)flg

L - benzyl and phenoxy, each of whxch ortho snbst:tuents 1s optzonally nng—sabstttuted

_} (where aring is present) with 1, 2or35ubstlmentseachmdependenﬂyselectedﬂ'om

 halogen, C1-CA alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy
5 5__-(opuonally substltuted wlth 1 2 or3 halogen atom.s), catﬁoxy mtro hydroxy, cymo, R
' NRR,-CONRR, SO,NRR and SO2R; and each of which is (in addition to ortho, S
o _-:_i_mzbsnmuon) optionally further substituted with 1 or 2 snbstlments each mdependently RN
. selected from C1-C4 alkcl (optionally substituted with 1, 2 or 3 balogen stoms), C1-C4 - * |
Sl _j__-f"amoxy (optlonally substltuted thh 1, 20r 3 halogm atoms), 01-04 alkylﬂm (optlonal!y e
EIEE ihalo and hydmxy- ora phmmaceuhcaﬂy acceptable salt thereof

16 A coml’mmd"ff“m“hﬂ") L .' o

= _f_f;‘m is c1-cs alkyl (opnonany substltuted thh 1, 2 or3 halogen amms and!or wx.th e
S cubstituent selected from C1-C4 alkoxy (optionally substituted with 1,2 or 3 ﬂuonne
S : ha}ogen atoms andlor w:th 1 snbstlmmt Belected &om CI-C4 a!koxy and hydroxy)

R

a:oms) cyano and hydmxy), CB-CG cycloa]kyl (opuonally subsumted w1th 1 2 or 3

..wherelnoneC-CbondWlthmﬂwcyc]oa]kylmletylsopuonany | tllfedbym;().c -

L _ _::bond, or CHzArZ wheremAﬂ maphenylrmgopuonaﬂy substltutedmth 1, 20r3 A
T ';'_subsutumts mh mdepmdenﬂy selected ﬁ'om C 1-C4 alkyl (optwnally substxmted w:th 1 : - o



7 2orbalogen atoms), C1ca alkoxy (ophonally subatittod with 1, 20r3 halogen e
LT atoms), c:-c4 a[kylthm (cptxonaﬂy subsnmtedthh L 2 0r3 hangu atoms}, halo and R
AisNor CR6 (prcferably cns) R2 is 01-04 a!kyl (opuonany substxtutad vnth 1 z or 3 e
ST s_'.-.';‘-‘_'f-"haxogen atoms), c1-c4 alkoxy (opnonauy substituted with 1,2 or 3 halogen atorns), c;.. -
- CAulkylthio (optionally substituted with 1, 2 or 3 halogen stoms), halo, hydroxy, yndyl,
- thiophenyl, pheny} (optionaily substituted with 1, 2 or 3 substiruents each indspendently - T -_ ..
o 'selmﬁbm hﬁlﬂgﬂn, C1-C4 alkyl (opuonally sitbstifuted w:th 1, 20r3 halogen atoms),j.'-_'- o A
. orC1-C4 alkoxy (optionally substituted with 1,2 or3 h&logen atoms)) or phenoxy R
LR 3 -.}-"_(optxonauymmsnnned with 1,2 or3 halogen ahoms). RISH;R4isH; RS H, cx.c:4 R
""" aliyl (optiomally substituted with 1, 2 of 3 halogen atoras), C1-C4 alkoy (optionally © ¢
_' : '_‘}_ISubsntuted wv.th 1 2 or 3 halogen aioms), CI-C4 aIkylﬂno (optmnally substm!md w1th 1, 7 |
n 2 or 3 halogenatoms), halo or hydmxy, andRG (zfpresent) is H or apharmaceuncaﬂy o

_:_ "i';:."'X:sOHorNI-Ig, S e R T

o .,lﬂ.g-[—-m mCl-Cﬁ alkyi (opuonanysubsumedmm 2or3ﬂuonne atoms), c3-cs cycloaﬂcyl S
BT | wherem one C-Cbondmthmthecycloaﬂcylmozetyxs opnonallysuhsnmtaﬁbyano-c
% bond or CHyAr2 wherein Ar2 is  phenyl ring optionally substitited with 1 or2 - -
S ""amsutuentseachmdepmdenﬂyselecmdﬁom cxmmm;mmm:mmmn
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2or 3 halogu atoms), C1 4 a]koxy (optmnally subsumted with 1 2or 3 halogen -

10

15

2

B aioms), halo and hydroxy;

R2 is C1-C4 alkyl (Opupnally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy
(optionally substituted with 1, 2 or 3 fluorine atoms}) or phenyl (nptionally substituted
w:th 1,2 or 3 fluorine atoms); and RS is H or F; ora pharmaceutlca]ly acceptiable salt

' mereoﬂ

18 A compound of formula (VI)

'wherem, _ . _
R1 is C1-C6 alkyl (Optmnally substltuted with 1,2 or 3 fluorine aloms) or C3-C6

' cycloalkyl wherem one C-C bond within the cycloalkyl mowty is optlonally subst:tuted

by an O-C bond; . o
R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 ﬂuonne atoms), C1-C4 aIkoxy
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally. substltlned

- with 1, 2 or 3 fiuorine atoms); and R5is Hor F; ora phalmaceutxcally acceptable salt

thereof

19. A compound of the formula



10

15

20

WO 2005/047272 o - R PCT/US2004/032771 -
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or a pharmaceutically acceptable salt thereof.

20 Acompound of the formula

" or a pharmaceutically acceptable salt thereof.
'21.  Thehydrochloride salt of a compound accordmg to claim 20 or claim21. - |

22, A pharmaceutical composiﬁoﬁ comprising a compound as claimed in any one of
claims 1 to 21, except when dependent upon any one of claims 30 to 32, ora -

phaxmaceutlcally acceptable salt thereof together with a phmmaceutlcally acceptable

" dlluent, excipient or carrier.

23. . A compound as claimed in any one of claims 1 to 21, except when dependent

upon any one of claims 30 to 32, for use in therapy

24, A compound as claimed in any one of claims 1to 21, except when dependent
upon any one of claims 30 to 32, or a pharmaceutically acceptable salt thereof for use as

an inhibitor of the reuptake of norepinephrine.
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3 Acompotmdasclmmedmanyoneofcla:msltom exceptwhendcpandent SRR
) upon any one of clanns 30 ﬁo 32 or aphannaceuhcany acoeptabla sait thezenf for treatmg__ _ R
_'-'dlsotdersassocmmthmmpmepmnedysﬁmmonmmamals. R A

- '2_6;'_' 'Ihe use of a oompound as clmmed in any o one ofc!azms i to 21, exc&pt When : i oy
o " f'depmdent upon any one of claims 30 to 32, of 2 phaunaceuhcally acoeptable salt thmf -' l 5
. . forthe mmnﬁcture ofa medwament fm- ﬂle mm of dlsoxders assomated mth :_ | 1;_:
o ‘"‘l""”"p‘“"m dysﬁm"“"“mma’s U R
s '_ _ Amethod for mhlbmng the reuptake ofnorepmephrme in mamﬂ:als compnsmg B B ’
S mstermg o apatlent in need thereofan eﬁ'ecﬁve amount ofacnmpoxmd as Glmmed e

s in any ono e of clsims 1 to 21, excsptwhen dependent upon any one of cla'ms 30 to 32. or

: 28 A methad for trwtmg d:sondem assoczated thh norepmephnne dysﬁmc.t;on m R o
_mammais compnsmg ad:mmstenng to a panent in need thea-eof an effect:ve amom:t ofa’ '. E c _'f __
compmma as claimed in any.one of cla:ms 1to Zi exc.ept when dependsng “!’011 any one - |
of clanns 30 to 32 or aphamxaceuucauy acceptable ga{t theragf L _ R

TR 29 A process for the prepamtxon of a compcund of fommla {I) compnsmg the step of ) | R
"._depmtectmgacompomdoftbeformuia(mv) T

s wherem P represents anN*Pmtecnng group and all other vanableg are as deﬁned for

fonnula (I) n c!ann 1 to pmvzde a compound of fonnula (I), opt;onaﬂy follow ed by t‘he-_: o e



5

10

.15

WO 2005/047272 o - - PCT/US2004/032778

-125-

30. A compound of the formuila (XIV)

wheremP represents an N-protecting group aud all other vanahles are as deﬁned for
formula (D iv claim 1 or a salt thereof, ' '

31. A compound of the formula (XII)

C

. (X1)
B ~-wherein P represents an N-protecting group and all other Vanables are as deﬁned for

o formula(l)mclmml or a salt thereof, -

32. A compound of the formnia (XTD)b

ol
[ j “R1
N
P

(XHDb | |
wherein P represents an N—protecung group and all other vanables are as deﬁned for |
formula (D) in claim 1, or a salt thereof.
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.33, A compound according to any one of claxms 30 to 32', ora sal_t thereof, wherein ' _
R1 js a tetrahydro-2H-pyran-4-y group. o '

34. A compound according to 2y one of claims 30 to 33, or  salt thereof, wherein P
is a benzyl group. '
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ANEXOS
Comprobante de pago de la tasa de presentaclén de la solicitud.

Documento que acredita la existencia y representacién legal cuando el sollcitante sea perscna
juridica,

Poderes, si fuere el caso. .

Documento de cesién del inventor al solicitante o a su causante.

Declarabione_s.

Copia de la solicitud internaclonal. (Resumen, descripclén, reivindicaciones, dibujes).

Traducciéon de la solicitud internacional al castellano. (Resumen, descripclén, reivindicaciones, |
dibujos).

Copia del examen preliminar internacional efectuado por fa Autoridad Internacional de Examen |
Preliminar (IPEA).

Traduccidn del examern prelfminar internacional efectuado por la IPEA.
De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o. autorizacién de uso de conocimlentos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de depdsito del material bioldgico,
Arte final 12 x 12.

De ser el caso, informacién sobre otras solicitudes de patente o tftulos obtanidos en el extranjero
por el mismo titular o su causante, relacionadas parcial o totalmente con fa invencion de esta |
sollcltud. '

De ser el caso, modificaciones efectuadas a la solicitud internacional.

‘Dtros. Blsqueda Internacional
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Traduccion of1c1a1 del Ingles por Marlién Neira Castro, resolucion 2117 del
Ministerio de Just1c1a de Colombia . _

APOSTILLA EN PODER DE REPRESENTACION DE
ELI LILLY AND COMPANY

Bilinglie inglés~ espaiiol otorgado en Indianapo]is, Indiana, Estados Unidos el 17.

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

Internacionales de Ely Lilly & Company. -

Todd Rokita - v ~ Secretario de Estado
Secratario de Estado de Indiana Estado de Indiana
APOSTILLA

(Convenci6n de la Haya del 5 de octubre de 1961)

Pais: Estados Unidos de América- Este documento Piblico

ha sido’firmadb por Catherine Michel
3. Quien ejerce funciones de Secretar1o de 1a 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
‘CERTIFICADO
6. E1 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 de Indiana

5. En Indiaqapolis, Indiana

* Vigente desde el 1 mayo de 2003, todas laS'apostiTias del Secretario de Estado
liana tienen el sello impreso electronicamente.

huse, Indianapolis, Indiana 46204. (317) 232-6331, fax (317) 2333283

CERTIFICACION NOTARIAL |

-ﬂ:ll ;

= .

§ le inglés- espafiol, el 17 de julio de 2003 .el suscrito notario Catherine
5 _ ' ' N '

mﬁ:&; ce-rtifica qgue Peter G. Stringer ~domiciliado en 7620 Castleton Farms, West
;2 -

Drwe. Indianapolis, Ind1ana ~ 46256 Estados Un1dos eJercia funciones de Director . '

Ejecutivo y Patentes Internacionales de Ely _L1Hy & ‘Company, - con sede en

Indianapolis, Indiana, EStados-Unidos. BE “PQ RQUQX

MARLEN NEIRA CASTRO
fraducter e Intérprete Oficlal
inglés - Espohol - Inglés




2
E1 otorgante fundamenta sus certificaciones en este documento: Delegacidén de

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

de 2003: conforme al poder otorgado al Asesor General de la Compafiia por el

Comité ejecutivo de la Junta Directiva de Eli Lilly and Company.
Firma del notario piblico Catherine Michel certifica

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

Sello de notario publico de Indiana

_ Es traduccion fiel del inglés, con copia archivo para confrontacidn. Bogotd 28

de julio-2003. Marien Neira C

i,

MARLEN NEIRA CASTRO
Traductor e Intérprete Oficial
Inglés - Espafiol - Inglés

Rasolucidn No. 2117 del 7 Oct 1987 |
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OLARTERAISBECK

OLARTE RasBECK & FRIER, LTDA,
LEGAL & PROFESSIONAL SERVICES

WORLD TRADE CENTER — TORRE C
CALLE 100 No. BA-55 P1so 10
BogoTa, COLOMBIA
TeELEPHONE: +57-1 638-6200
Fax +57-1 638-6201

www.olarteraisbeck.com

Power of Attorney Poder
The undersigned, El suscrito, \(
ELILILLY AND COMPANY
domiciled in domiciliado en

Lilly Corporate Center, Indianapolis, Indiana 46285 US

by means of these presents hereby grants to Carlos
R. Olarte, J. Ian Raisbeck and Ana

Maria Frieri full and sufficient Power of
Attorney to file, prosecute, obtain, defend and
enforce any and all of the company’s Patents,
Utility Models and Industrial Designs in the
Republic of Colombia, to which end it empowers
them to take all steps necessary before any
administrative or judicial authority of any class for
the objects stated, to file petitions, appeals, replies
and oppositions, pay taxes and annuities, request
testimonies, receive documents and securities,
abandon applications and collect refunds: Sufficient
power is hereby granted to receive notifications on
behalf of the Company, to confer powers on those
who are to represent the company judicially and
extrajudicially, to answer in court in the matter of all
claims and demands that may be presented in
connection with the objects stated, giving them
likewise power to substitute these presents and
revoke such substitutions.

por medio del presente otorga a Carlos R,
Olarte, J. Ian Raisbeck y Ana Maria
Frieri poder especial, amplio y suficiente para
presentar, tramitar, obtener, defender y hacer
respetar todas y cualquiera de Patentes, Modelos
de Utilidad y Discfios Industriales de la
compafiia en la Replblica de Colombia, a cuyo
efecto 1os faculta para dar todos los pasos
necesarios ante cualquier autoridad administrativa
o judicial de cualquier jerarquia para cumplir con
lo encomendado, elevar solicitudes, apelaciones,
respuestas y oposiciones, pagar impuestos y
anualidades, solicitar testimonios, recibir
documentos y valores, desistir y percibir. Se
concede poder bastante para recibir notificaciones
a nombre de la compaitia, otorgar poderes a
quienes vayan a representar a la compafifa judicial
y extrajudicialmente, responder en juicio a todas
fas reclamaciones o demandas que por motivo de
lo encomendado se presentaren, dindoles
asimismo faculiad para sustituir ¢l presente y
revocar dichas sustituciones.

City,Country/Ciudad,Pais: Indianapolis, Indiana, United States of America



SECRETARY OF STATE
STATE OF INDIANA

Todd Rokita
Secretary of State

APOSTILLE
(Convention de 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 Jokinson County
. 4. and bears the seal/stamp of circuit court clerk in & for the State of Iudiana

Certified
5. at Indianapolis, Indiana

6. this Twenty-second day of July, 2003

7. by Secretary of State of Indiana

8. No. A2003- 11279

9. Seal/Stamp: 10. Signature:

3L 3OO VIAVION Sl

OMYYAYR WLS1LMNYY §

Indiana Secretary of State

|

#Effective May 1, 2003 all apostilles from the fndiana Secretary of State will have an electronicaily printed seal.

The Statehouse, Indiapapolis, Indiana 46204, (317) 232-6531, Fax (317} 233-3283
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OLARTE RAISBECK & FRIERI, LTDA. ‘
LEGAL & PROFESSIONAL SERVICES

WORLD TRADE CENTER ~ TORRE C
CALLE 100 No. 8A-55 Piso 10
BogoTa, CoLOMBIA
TELEPHONE: +57-1 638-6200
Fax +57-1 638-6201

www.olarteraisbeck.com

Notarial Certification

Certificacion Notarial

On this date, En esta fecha,
/7 July 2003 :
Thie undersigned Notary Public certifies: el Notario Piblico suscrito certifica:
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,

2. That the grantor has executed the foregoing
document as Executive Director, International
Patents

of ELI LILLY AND COMPANY

3. That ELI LILLY AND COMPANY

having its principal place of business located in
Indianapolis, Indiana, United States of
America

is duly incorporated, is currently in existence, and
that the purposes for which the Power of Attorney is
granted are within the scope of its corporate
purposes.

4. That the grantor has the authority to execuie the
Power of Attorney and that his’her representation is

legal.

GUC]
1
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The foundation for my certifications contained in
dints 2, 3 and 4 was the exhibition of the following
entic document(s):

egation of Authority Concerning Certain
tent Matters, executed January 20, 2003;
pursuant to the authority granted to the
seneral Counsel of the Company by the
ecutive Committee of the Board of

Catherine Michel
My Commission Expires QOcltober 21, 2008
Resident of Johnson County

suscribio el documento que antecede.

2. Que el otorgante ha suscrito el referido
documento en su cardcter de

de

4. Que
con sede principal ubicada en

estd legalmente constituida, que tiene existencia
legal vigente y que los propdsitos para los cuales
se otorga el poder se encuenira dentro de los que
comprenden su objeto social.

4. Que el otorgante tiene la representacion para :
suscribir el poder, y que &sta es legitima, !

5, El fundamento de mis certificaciones
contenidas en los puntos 2, 3 y 4 fue In exhibicidn
de los (del) siguienie(s) documento(s) auténtico(s):
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- (32) [NTERNAT!ONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

a9 World InicHeciual Property
Organization :
intemational Burean

(43) International Publication Date
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© (10) International Publication Number -

(30) Prloritly Dala: : .
03261484 ¢~ 10 November 2003 (10.11:2003) GB
60!535 A59 9 Jangary 2004 (09.01 "’004) Us

(71} Applicant (for all designaied States except U/5); ELI
LILLY AND COMPANY [US/US); Lilly Corporate
Center, Indianapolis, IN 456285 (US).

{'72) Inventors; and
(75) Inventors/Applicants (for US onlyh:

- (GB). CASES-THOMAS, Manuel, Javier (ES/GBY;

ingstoke, Hampshire RG21 6XA (GB). MAN, Teresa
{GB/GB}; Bli Lilly and Company Limited, Kingsclere
Road, Basingstoke, Hampshire RG21 6XA (GB). MAS-
TERS, John, Joseph [US/US]; 12047 Flim Stone Cfmrt,
Fishers, IN 46038 (US). RUDYK, Héléne, Catherine,
Eugénle [FR/GB]; Eli Lilly and Company Limited,

{GB). WALTER, Magnus, Withelm {DE/GB}; Eji Lilly
and Company Limited, Kingsclere Road Basingstoke,
Hampshire RG21 6XA (GB).

(74) Agents: GAYLO, Paul, J. et al.; £li Lilly and Company,
- PO, Box 6288, Indianapolis. IN 46206-6288 (US).

kind of national protection available): AE, AG, AL, AM,

CAMPBELL,
_ Gordon, Inln {GB/GB); Eli Lilly and Company Limited, -
- Kingsclere Road, Basingsioke, Hampshire RG2L .6XA

Eli Lilly and Company Limited, Kingsclere Road, Bas- -

Kingsclere Road, Basingstoke, Hampshire RG21 6XA

(81} Designated States (anless otherwise indicated, for every .

- 26 May 2005 (26.05.2005) PCT - WO 2005/047272 Al

(51) International Patent Classiication”.  CQ7D 265/30, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

413/06, ABIK 315375, 315377, AGIP 25022 , CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, Fl,
. . GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
(21) International Application Number: oy KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LY, MA, MD,

| PCEUSI004032771Y e MK MIN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
(22) international Fillng Date: 28 October 2004 (28.10.2004) - PH,PL, PT, RO, RU, 8C, 8D, SE, 5G, 8K, SL, 8Y, T}, TM,

o ] '['NTR'ITTZ,UAUGUSUZVCVNYUZAZM

{25) Filing Language: English ZW. _
(26) Publication Language: English. (84) legnated States (unless otherwise indicaied, far every

.~ kind of regional protection available}: ARIPO (RW, GH,
GM, KE, L3, MW, MZ, NA, 8D, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, T, T™),
Buropean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fi,
FR, GB, GR, HU,IE, I'T, LU, MC, NL, PL, PT, RO, SE, 8|,
8K, TR), CAPI (BF, B], CF, CG, €I, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG). '

Declarations under Rule 4.17:

— as 1o applicant’s entitlement 1o apply for and be gmmed '
a patent (Rule 4.17(1i}} for the following designations AE,
AG. AL. AM. AT. AU, AZ. BA, BB, BG. BR. BW. BY. BZ.
CA, CH, CN. CO. CR, CU. CZ, DE, DK. DM. DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU. 1D, IL. IN, IS,
IP, KE. KG. KP. KR. KZ. LC. LK. LR LS., LT, LU. LV, MA,
MD. MG, MK. MN. MW, MX, MZ NA, NI, NO, NZ, OM,

* PG. PH, PL. PT, RO, RU, SC, 5D, SE, 5G, 5K. SL. SY. T/,
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- Thls mvenhon. relates ta novel morphohne compounds, ami to their use m:selecnvely
o 'mhibmng norepmephnne muptake. e

8 Acoordmg to the present mvenhon them is pmv:ded a compound_of fonnula.(l)

x is OI-I, 01-04 alkoxy, NI-Ig orNH(Cl-O4 aIkyl) :
-'-.i~“---'_Rmeorcl-C4 alkyl;
RyisHorCl-Chalkyl e :
o eacth group is mdependénﬂyH or CI-C4 alkyl, Wﬁh ﬂle pmwso _that not more'-.' 1an 3
- ...._:_Rz gmpsmywmmw it |

MORI’HOLINE DERIVATIVES AS NOREPINEPHRINE
i ‘. REHPTAKE INH]BITORS L

o o 5 Selectwe mhxbzﬁon.ofnorepmephnna renptake xs arclattvely new mode of act:on for the R
. lxeaﬁnent of aﬁ‘ecnve dxsordm Norapmephme appws to piay a:n zmportant ro]e inthe - |
T | dJstm'bmces of vagetahve ﬁmchon assomated wﬂh aﬁ‘ective, anxmty and cogmﬁve ST
10 dlsorders. Atomoxetme hydroc.hloride isa selectwe mhibxtor nf norepmephrme Imnptake, R
= _;zf;ma is marketed for the treatinent of attention deficit hyperactivity disorder (ADHD). -~ %
e fReboxenne 1s also 3 selecuve norepmephnne reuptake mblbztor, andls matketed ﬁor the s

D wreatment of depression. WO9/15177 discloses the uso of reboxstine o treat ADED and
IR “l-"-ﬁ";_'-swoouoms discloses thc use of 8,-reboxetine 10 treat infer alia ADHD. )
- WO2004/018441 discloses certam mo:phohne denvatwes as'selecuve mmbm of the
: reuptake of mrepmephrme. R S L
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" R1 1s:C 1-C6 allcyl (optmnally substttuted with. 1 2 0r 3 halogen atoms and/or wﬁh 1

subst;tuent selected from C1-C4 alkylthio (optionally substltuted w:th i, 2 or 3 fiuorine _' | .
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 - ¢
eycloblkoxy, C1-C4 alkylsulfonyl, cyano, -CO-0(C1-C2 alkyl), -0-CO-(C1-C2 alkyl)

and h%rdroxy), C2-C6 alkenyl (optionally substituted with 1, 2 or 3 halo gen atoms); C3-

Ceé cycloalkyl (optionafly substituted with 1, 2 or 3 halogen atoms and/orwith1

substlment selécted from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the
cyclodlkyl moisty is optionally substitated by an O-C, $-C or C=C bond; C4-C7

cyclodlkyla]kyl (optionally substlmted with 1, 2or3 halogen atoms and/or with 1

substituent selected from C1-C4 alkoxy and hydroxy) Wwherein one C-C bond within the

cycloa:]kyl mojety is optionally substituted by an O-C, 5-C or C=C bond; or CH_2A12, and
Arl a:h A2 are each independently a phenyl ring or a 5- or 6—m¢nibered heteroaryl ring

each of which is optionally substituted with 1, 2 or 3 substituents (depending updn the

number of available substitution positions) each independently selected from C1-C4 a]kyl

-_(optmnally subsnt:xted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy {optionally
) subsutpted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1
2 0r’3 halogen atoms), -CO-O(C1-C# alkyl), cyano, -NRR, -CONRR, balo and hydroxy

and/or With 1 substituent selected from pyridy), thiophernyl, phenyl, benzyl and phenoxy i
each of which is optionally ring-substituted with 1, 2 or 3 suhsﬁtuent_s each independently
selectecl;l from halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms),
C1-C4 ?lkoxy {optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro,
hydroxy, cyano, -NRR, -CONRR, SO,NRR and SOR; and .

‘eachR is mdependenﬂy H or C1-C4 alkyl; .
ora phannaceuucally accepiable salt thereo£

. Inthe pqlesent speciﬁcaﬁon the term “C1-C4 alkyl” means a nibnbvalent unsubstituted .
 saturated straight-chain or branched-chain hydrocarbon radical having from 1 to 4 carbon’ .
atoms. Thus the term “C1-C4 alkyl” includes, for example, methyl, ethyl, n-propyl, o
! .

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

!
f
1
|
!
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In the present specification the tetm “C1-C4 alkoxy” means a monovalent tﬁlsubstitutcd _
satirated straight-chain or branched-chain hydrocarbon radical having from 1 to 4 carbon
atoms linked' to the point of substitution by a divalent O radical. Thus the term “C1-C4
alkoxy” includes, for example, methoxy, ethoxy, n—pmpoxy, isopropoxy, n—butoxy,
wobutoxy, sec-butoxy aud tert-butoxy. o

In the present speciﬁcanon the term “C1-C4 alkylthm” means a monovalent unsubstltuted
saturated straight-cham or branched-chain hydrocaxbon radical havmg from 1 to 4 catbon

atoms linked to the point of substitution by a divalent S radical. Thus the term “C1-C4

alkylthio™ includes, for example, methyltluo éthylthio, n—propyltbm mopmpylthm n-

' butylthio, isobutylthio, secwbutylthm and teri-butylthic. -

* In the present specification the term “C3-C6 cycloalkyl” means a monovalent
_ unsubstltuted saturated cyclic hydrocarbon radical having from 3106 carbon atoms. Thus

the term “C3-C6 cycloalkyl” includes, for example, cyclopropyl, cyclobutyl, cyclopentyl
and cyclohexyl |

" Inthe present specification the term “C4-C7 cycloa]kylatkyl” means a monovalent

unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms
linked to the point of substitution by a divalent unsubstituted saturated straight-chain or

cycloalkyl” includés, for example, cyclopropylmethyl, cyclopropylethyl,

B 6yclobutylﬁaethyl',' cyclopentylmethyl and cyclohexylmethyl.

In the present specification the phrase “wherein one C-C bond within the c‘yc_loalkyll
moety is optionally substitated 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 than z single bond (with the number of substituents on each carbon atom being'
reduced accordingly), Ior that (ii) one of any two adjacent C atomns w1thm acycloalkyl = |

 ring (and any substituents thereon) may be replaced by an oxygen or suiphur atom.
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| Ex,amp,les of groups encompassed by this phrase when usad i con]uncnon mth the term -
. C3-C6 'cycloalkyl mclude, for example ' |

i
s
'

LT

i

Bxamples of groups encompassed by this phrase when used in com\mcuon wzth tha term

C4-C7 cycloalkyla]kyi include, for eXa.mpIe

{

b .

b
i

|

_ ; In the pi-esent spec:ﬁcanon the te:m “CZ (‘,‘6 alkenyl” means a monovalent unsubsntuted o
 unsaturfted straight-chain or branched-chain hydrocarbon radical having fom 2t 6
 carbon étoms and containing at least one carbon-carhon double bond. Thus the ten “C 1 - _
3 C4 alkenyl” mcludes, for example, cthenyl, pmpmyl. Z-mathyl-z-propenyl and butenyl.

_ l . . c
In the ptesent spemﬁcanon the term “C3-C6 cycloalkoxy” means a monovalt '

_' unsubstinﬂed saturated cychc hydrocarbon radical having from 3 to 6 carbon atoms in the S
“ ring hnﬁed to the point of substthon hya d:valent o) rad:cal ’I'hus the term “C3 -C6 s
2 cycloa]lqoxy P mcludes for exam;;le, cycloPmpoxy ' :

B

In the px;esent specification the tenn “CI-C4 a]kylmﬂfonyl” means a monovalent _ |
| unsubstxmed saturated straxght—cham or branched-chain hydrocarbon radical harvmg fmm h -
lto4 catbon atops linked to the pomt of subsnmnon by a divalent SOz radlcal. Thus the

. term “01 C4 alkylsulfonyl” mcludes, for example, methylsulfonyl. o

4
i

. ! the pr&cent spemﬁcatmn terms snmlar to the above deﬁmtmns Speclﬁamg dlfferent

25

numbam,of C atoms take an analogous meamng Specifically, "CI-CG a]kyl” means a

monovalent unsubstmned saturated strmght—cham or branched-chain hydrocarbon radical '

having ﬁ:om 1 to 6 carbon atoms. Thus the term “CI-C6 alkyl” repressnts a larger set of -

compour*ds that encompasses the subset “C1-C4 alkyl” but also includes, for exaniple, 1~ | _ | _
) pentyl 31meﬁzyl-butyl, 2-methyl-butyl, 1-methy1~butyl 2 2-d1methyl-pmpyl n-hexyl, 4-

i--




-t}

10

-~ the groups thiazolyl, lsothmzolyl, oxazolyl, isoxazolyl, thmphenyl, :ﬁJranyI, pyrrolyl,
- imidazolyl, triazolyl, oxadiazolyl and thiadiazolyl.

20

WO 2005/047272 | PCI/US2004/032773 \BZ/

-5

methyl-pentyl and 3-methyl-pentyl Speclﬁcaﬂy, “Cl C2 aﬂsyl means a monovalent
unsubstituted saturated hydrocarbon radical having 1 or 2 carbon atoms, Thus the term
“C1-C2 alkyl” represents a subset of compounds within the term “Cl-C4 a]kyl” and
includes methy] and ethyl. o

In the present specification the term “halo” or “halogen” means F,Cl, Bror 1

In the present speciﬁcaﬁon the term “phenoxy” means a monovalent unsubstituted phenyl
radical linked to the point of substitution by a divalent O radical. .

In the present specification the term “5~membered heteroary! ring™ means a S-membered
aromatw ring including one or more heteroatoms each mdep endently selacted from N O

i and S. Preferably there are not more than three heteroatoms in fotal in the rmg. More |
- preferably there are not more than iwo heteroatoms in tota]_ in the ring. More preferably

thci*e is not more than one heteroatom in total in the ring. The term includes for example,

“Thiazolyl” as used herein includes 2-thiazolyl, 4-thiazolyl and 5-thiazolyl.

“Isothiazolyl” as used herein includes 3-isothiazolyl, 4-isothiazolyl, and S-isothjazoiyl. -
"Oxazolyl” as used herein includes 2-oxazolyl, 4-oxazoly1 and 5-oxazolyl.
“Tsoxazolyl™ as used herein includes 3-isoxazolyl, 4-isoxazolyl, and S-woxazolyl

“Thiophenyl” as used herein includes 2-thiopheny] and 3- th_xophe_nyi

_- 'émanyl_" as used herein includes 2-furanyl and 3-furanyl.

“Pyrrolyl” as used herein inchudes 2-pyrrolyl and 3-pyrrolyl
“Imidazolyl” as used herein includes 2-imidazolyl and 4-imidazolyl.
“Triazoly" as used herein includes 1-triazolyl, 4-triazoly) and 5-triazolyl.

“Oxadiazolyl” 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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l .
“Thiadiazolyl” as used herein includes 4- and 5-(1,2,3 thiadiazolyl), 3- and 5-(1 24
thladldzolyl), 3-(1,2,5-thiadiazolyl), 2-(1,3 4~th1adzazoly1)

1
In the present specification the term “6-membered heteroaryl ring” weans a 6-membered
aromatzc ring including one or snore hetercatoms each mdependenﬂy selected from N o

and S. Preferably there are ot more than three heteroatoms in total in the ring. More
preferai:ly there are not more than two heteroatoms in total in the rmg More preferably

~ there isinot more than one heteroatom in total in the Ting. The term includes, for example,

the grogps pyridyl, pyrimidyl, pyrazinyl, pyridazinyl and t:iazinyL o
! -

| o '
“Pyﬁd);;” as used herein includes 2-pyridyl, 3-pyridy! and 4-pyridyl.

“Pyﬁmi*;iy " 25 used herein includes 2-pyrimidyl, 4-pyrimidyl and 5-pyrimidyl.
‘Pymzmyl” as used herem includes Z-p}’razmyl and 3-pyrazinyl,-

| "Pyndaimyl” as used herem includes 3—pmdazmy1 and 4—pyndazmyl
_ “'l‘namnprl” as used_herem includes 2-(1,3,5-tnazmyl), 3-, 5- and 6-(1,2,4-triazinyl) and 4-
~and 5—(1;2,3-'uiaziny1).

i y
In the prﬁsent specification the term “ortho” refers to a position on thé Arl aromatic ring

‘which is iaﬂ_jacsanﬁt to the position from which Arl Jinks to the rest of the compmmd of

formula (I)

i

In the present specification the term “N-protecting group” means 2 functiopal group
which re:l_}ders the N atom to which it is attached unreactive under the reaction conditions
to which ?.he N-protected compound is su'bseq uently eprsed, except where said protected
N atom ig also bonded to an H atom and except where such conditions are specifically
chosen toiremove the N-protecting group. The choice of N-protecting group will depend
upon the subsequent reaction conditions and suitable N-protecting groups for given
situations :Wlll be known to the person skilied in the art. Further information on suitable

N-protechng groups, including methods for their addition and removal is contained in the

well knov.in text “Protective Groups in Organic Synthesns” Theodora W. Greene and

{
i

&
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k - N—-protecnng groups include carbamate pmtectmg groups -CO—ORA wherem Ra s, for

© example, methyl, ethyl, 9-ﬂuorenyimethy1 (Fmoc}, 2,2,2-tnchlomeﬂ1y3 (Troc), 2-

- trimethylsilylethyl (Teoc), t-butyl (Boc), allyl (Allos), beazyl (Cbz) or p-methoxybenzyl

10

(Moz); a:mde protectmg groups —CO-Ra wherem RB is, for example, H, methyl, henzyi

Y

| Pet'er'GM Wats, Joim Wiley & Sons, Inc., New Yok, 1999, pp.494-653: Examples of |

orphanyi, aﬂcylamma ptotectmg groups —Rc¢ Wherem Rei 18, for exampie mathyl, t—butyl, k

diphenylmethyl or mphcnylmethyl (tcityl); and sulfonamide protecung groups ~SOxRp

- wherein Rp is, for example, methyl, benzyi, phenyl or phenyl substxtuted with from 1 to 5
 substituents each independently selected from methyl, t—butyi, methoxy and nitro, In some B

L '_ instances, , the reaction conditions employed maan that N—protectmg groups wh:ch are . - |
RN stable under strongly basic condmons and/or in the presence of strong nncleophﬂes (such :

o as orgmometalhc reagents) are generall}' prefar!ed. Examples of such prefer:ed N-

15

dxmethoxybenzyl, d;phenylmethyl or mpheny!methyl (tntyl) Benzyl isan especaally

- '_-'praferredN-protechng group. -

20

Ina preferred embodxment of the present mvenuon, X is OH, CI C4 alkoxy, or NH;
= More preferably, XisOHor NH2 Most preferably Xis OH | |

; na preferred embodlment of the present mventzon, Rx is H or methyl Most preferably

© RxisH

- .25

30

In a preferred embodxment of the present mventmn, R}’ is H or methyl Most Wefmbiy
: -Ryst ' |

aligt, [2-(trimethylsilyD)ethoxy]methyl, benzyl, 4»methoxybenzyl,24—dlmethoxybenzyl, -

. : _'protectmg groups mclude alkylamma pmtectmg groups —-Rc whaem Rcis, for example, o
methyl, t-butyl, allyl, [Z{trnnethylsdyl))ethoxy]methyl bmzyl #memoxybenzyl 24- .o

Ina prefefred embodiment of the present invention each Rz group is indepeﬁd‘ently H 'or' .

methyl, with the provxso tbat not more than 3Rz groups may be methyl Most prefembly, o |

eacthmH
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|

Ina ﬁreferred embodiment of the present invention, R1 is C1- C6 alkyl (optionally -

subsqtuted with 1, 2 or 3 halogen atoms and/or with 1 substlment selected from C1-C4

alkylghm {optionally substituted with 1,2 or 3 fluorine atoms), C1-C4 alkoxy (optionally

substimted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkoxy, C1-C4 aJkylsﬂfonyl,
cyanq -CO-O(C1-C2 allyt), -0-CO-(C1-C2 alkyl) and ydroxy). More preferably, R1 is
Cl-Cﬁ alky! (optionally substituted with 1, 2 or 3 halogen atoms andfor with 1 substltuent

selectpd from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 flucrine atoms), cyano

and hydroxy). More preferably, R1 is C1-C6 alky! (optionally substituted with 1,2 or 3

,}g

halogéfn atoms). More preferably, R1 is C1-C6 alkyl (optionally substituted with 1, 2 or 3

ﬂuonﬂe atoms). Examples of specific identities for R1 within this embodiment include

In a preferred embodiment of the present invention, R1 is CZ-'CG alkeﬁyl (optionally

-substitbted with 1,2 or3 halogen atoms).

!
|

In a prefen'ed embodiment of the present invention, R1 is 03-06 cycloalkyl (optlonally

subsntﬁted with 1,2 or 3 halogen atoms and/or with 1 subst:tuent selected from CI—C4
alkoxyiand hydroxy) wherein one C-C bond within the cycloalkyl mozety is optionally
substityted by an O-C, 8-C or C=C bond. Mors preferably, R1 is C3-C6 cycloalkyl

- (optionally substitated with 1, 2 or 3 halogen atoms and/or with 1 substituent selected
 from C'}-C4 alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl moiety is
- optionally substituted by an O-C bond. More preferably, R1 is C3-C6 cycloalky! wherein
- one C-C bond within the cycloa]kyl moiety is optionally substituted by an O-C bond. .
- Exampk es of specific 1dent1t1e.s for R1 within this embodiment include cyclopropyl,
25

cyclopeptyl and tetrahydropyranyl (m partmﬂar tetrahydm—2l—1—pyran—4~yl)

!
Ina preferred embodiment of the present mventmn R1 is C3-Cé cycloa]kyl (optxonally
substltu#ed with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from Cl—C4
alkoxy dnd hydroxy). More preferably, R1 is C3-C6 cycloalkyl. Examples of specific
identitie?:. for R1 within this embodiment include cyclopropyl and cyclopentyl.

1.
t
i
{
|

methy{ , ethyl, iso-propyl, mo—butyl n—bulyl 3,3,3-trifluoropropyl and 4.4, 4-mﬂuombuty1 |
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In a preferred embodiment of the present invention, Rl is C3-C6 cycloalkyi (opﬁonany
substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4
alkoxy and hydroxy) wherein one C-C bond within the cj;cloalkx}, moiety is substituted |
by ap O-C, 8-C of C=C bond. More preferably, R1 is C3-C6 cycloalkyl (optionally
substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4
alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl moiety is substituted
by an O-C bond. More preferably, R1 is C3-C6 cycloaikyl wherein one C-C bond within |
the cycloalkyl méiety is substituted by an O-C bond. An exarnple of a specific identity for
R1 within this smbodiment is tetrahydropyranyl (in particular tetrahydro-2H-pyran-4-y1).

In a preferred 'embodiment of the present invention, R is C4-C7 cycloalkylatkyl
(optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected

. from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the cyc!oa]kyl mmety is
' opnonally substituted by an O-C, S-C or C=C bond.

1

In a preferred embodiment of the presént invention, R1 is C4-C7 cycloalkylalkyl

' (bptionaﬁy substituted with 1, 2 or 3 balogen atoms and/or with 1 substituent selected
from C1-C4 alkoxy and hydroxy). o ' ' '

: In a preferred embodiment of the present invention, R1 is C4-C7 cycloalkylalkyl

(optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 subsutuent selected
from C1-C4 alkoxy 2nd hydroxy) wherein one C-C bond mthm the cycloa.lkyl mo1ety is
substituted by an 0 C, S-C or C=C bond.

In a preferred embodiment of the present invention, R1 is CHpAr2 wherein Ar2 is as -
defined above. More preferably, R1 is CH3Ar2 wherein Ar2 is a phenyl ring or a pyﬁd}d o
(preferably 2-pyridyl) ring each of which may be substituted with 1, 2 or 3 substituents
each independently selected from C1-C4 alkyl (optionally substituted with 1,2 or 3
‘halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-
C4 alkylthio (optionally substituted with 1, 2 or 3 balogen atoms), halo and hydroxy.
More preferably, R1 is CHpAr2 wherein Ar2 is a pheny! ring optionally substituted in the
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|

manne.l{ descn'bed in tha precedmg sentence. More preferably, RI is CHgArZ wherem Ar2 .
isa phemyl ng optlonally substituted with 1 or 2 subsutuents each mdependently -

o : elecwq from C1-C4 afkyl (optmnally substlmed w;th 1, 2 or 3 halogen atoms), Cl-C4

10

alkoxy (opt:onally substituted with 1, 2 or 3 halogen atoms), halo andhydroxy Examples o
) ofspeclﬁc 1dent1tles for Rl within ﬂns e::nbodlment mclude phmyhnethyl and (2—
| " methoxy-phenyl)meﬂxyl. ' ' |

L
l.

In apreferred emhod:ment ofthepresentmvennon, Arl j is. aphenylrmg ora 5- 01'6- o
5 memhered heteroaryl ring; each of which is substituted in the ortho posmon \mth a
' substxtm}nt selected ﬁ'om C1~C4 alkyl (opnonally subst:tuted thh 1,20r3 halogen o
. atoms), ¢1-C4 alkoxy (opnonally substituted with 1, 2 or3 halogen atoms), CI-C4

B ancyltmq (optionally substituted with 1, 2 or 3 halogen atoms), -CO-O(C1-C4 allyl),

15
- (opuonalily substituted with 1,2 or 3 halogen atoms), C1-C4 alkoxy (optionally -
' suhstatmtéd with 1,2 0r3 halogen atoms), carboxy, nitro, hydroxy, cyano, NRR, -

20

25

cyano, m _CONRR, halo, hydroxy, pytidyl, thiopheny!, phenyl, benzyl and phenoxy, .

each of WInch ortho substituents is optionally nng—substtmted (whem aring is pr%ent)
with 1, 2\01‘ 3 substltuents each mdepend&ntly selected from halogen, CI-C4 alkyl .

CONRR,[ SOZNRR and SO2R; and each of wlnch is (in addmon to oﬂha substlmuon) ‘
opuonauy further substituted with 1 or 2 substituers each mdependenﬂy selected ﬁfom "

C1-C4 alky! (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy
(optlonal*y substmxted thh 1,20r3 halog- atoms), C1-C4 alkylthio (optlonally

substituted with 1, 2 or 3 halogen atoms), ~CO-O(C1-C4 alkyD, oyano, -N NRE, -CONRR, B
_ halo and ﬁydroxy More preferably, Arlisa phenyl ring or a pyndyl (preferably 2- S

pyndyl) qng each of which is subshtuted and optionally fiirther subshtuted in the mannar |

'descn'bed‘m the precedmg sentenoe More prefembly. Arl is a group of the formula (a]
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A is N or CR6 (preferably CR6); R2 is C1-C4 alky! (optionally substituted with 1, 2 or 3
halogen atoxﬁs),_, C1~C4 alkoxy (optionally substituted with 1, 2 or 3 halogen é.toms), Ci-

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, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms),

or C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atonis)) or phenoxy

211-

(optionally substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; RS is H, C1-C4

alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally
substituted with 1 2 or 3 halogen atoms), Cl—C4 a.lkylthm (optionally subst:tuted with 1,
2 or 3 halo gen atoms), balo or hydroxy; and R6 (af present) is H or halo (preferably I).
More preferably, Ar1 is a group of the formula (a) wherein, A-is CR6; R2 is C1-C4 alkyl -
(optionally substituted with 1,2 or 3 fluorine atoms), C1-C4 alkoxy (optionally

* substituted with 1, 2 or 3 fluorine atoms), halo or phenyl (optionally substituted with 1,2 .

or 3 fluorine atoms); R3isH; R4isH; RSisH or F; and R6 is H or halo. More -

preferably, Arl is a group of the formula (a) wherein, A i is CR6; R2 is C1-C4 aikyl

(optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy (optionally _
substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted with 1, 2 or 3
fluorine atoms); R3isH; R4isH; R3is H or F; and R6 is H. Examples of specific
identities for Arl include 2-methoxy-phenyl, 2-ethoxy-phenyl, 2-h1fluoromethoxy— __
phenyl, 2-phenyl-phenyl, 2-(3 —ﬂuormpheny]}-phenyl 2-chloro-phenyl, 2-methoxy-5— -
fluoro-phenyl, 2-chloro- 6-finoro-phenyl and 2-phenyl-5-fluoro-phenyl. '

It will be appreciated that a compound of formula (J) above wi'll'posseés at least two .

- - agymmetric cmbbn'at_oms. In the present specification, where 2 structural formula does
25 '

not specify the stereochemistry at one or more chiral centres, it encompasses all possible

‘stereoisomers and all possible mixtures of ste;episomefs (including, but not limited to, -

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

chirzal centers,

Thus, cornpounds defined by formula (T) above include each of the individual

stereoisomers
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) "In apteferred embodxment of the present mvent:on, ‘thete lspromded aeompotmd of | 3

i wherem, X, RI and Aﬂ are as deﬁned for fmmula (I) above, or a phaxmaceutlcally
e a"“'eptable sa't thm“f' e |

- '_'I,-.:f-‘: 'In aprefen'ed emhod:ment of the present mventmn, there is pmvnded a cOmpouud of | "{"

e f*m 1sC1~Cﬁ aIkyl @nonal!y subsmd wﬁhl 2°f3 hﬂl"smms mdlorwith

15

B substxtuent se]ected from CI-C4 alkyltlno (opt:onally substztutedmth 1,2 or 3 ﬂuonne

- atoms), C1-C4 a]koxy (opnonally subsututed with 1, 2 or 3 fluorine atoms), €3:C6
. :cwlo alkoxy, C1-C4 lkylsulfonyl, cyano, - co.ocm-cz alkyn, -o.co-(m-cz alkyl)

“and hydrm), cs-ce cycloalkyl (optmnally snbsututeﬁ thh 1, z or 3 halogen aboms

L -. and/or mth 1 subst:mmt eelected ﬁ‘om CI-C4 alkoxy and hydroxy) wherem one C-C

20

-"'.bond mthm the cycloalk:yl mmety 1s optlonally snbstltuted by an O-C S-C m' C=C bond, s _.5_: :
" orCHyAr2 wherein Ar2 is a phenyl ring or a pyridyl (preferably 2-pyridyl) ring each of L
;_'_._-_wmch may be substlmted w:tth 1,2or3 substltuents each mdependuﬂy seleeted from
L C1ca a]kyl (optmnally subsututed thh 1,20r3 halogen atoms), C1-C4 a]koxy R
SRR (optmnally substltuted thh 1, 2 or3 halogen atoms), C1-C4 alkylﬂno (optlonally g
' .:subsnmted Wlth 1, 2 or3 halogen atoms), halo andhydmxy; ancl B e YRR
- . Arl isa phenyl rmg ora 5~ or 6—membered heteroaryl rmg, each of w]:uch is substltuted m . L

the oﬂho posmon witha substlment selected ﬁ'om C1-C4 alkyl (optwnaliy substm:ted

~with | 1, 2 or 3 halogen attoms), C1-C4 aIkoxy (epuonally subsumted Wlth 1, 2 or3

e -halogen atoms], 01-(:4 alkylthm (opuonany substltuted w:th 1 2or 3 halogen atoms),




'--womdsmmn ST s peTustoneszT o &S

T bﬁﬂz}*& and phenoxy, each of whmh oﬂl:o substxtuems zs opnonall}' Img-ﬂubmmtﬁd :
S (where 8 nng is presem} with 1, 2 or 3 subshments eanh mdependenﬂy selected ﬁ'om - -
haxggéfu, (:1-04 alkyl (optmna]ly substlmted wﬂh 1,2 or 3 halogan atoms), Cl-C4 alkoxy
- (opumy subsnnued with 1,2 or 3 halogen atoms). carboxy, nitro, hydroxy, cyano.

5 NRR, i-CONRR, SOZNRR end SO2R; and each of which is in addiion o ortho -
S substl on) opnonaﬂy ﬁ:xther substmzted w1ﬂ1 tor 2 subst:ments each mdependenﬂy

 selectdd from C1-C4 alkyl (opﬁonally substituted with 1, 2 or 3 halogen stoms), C1-C4 SR
S alkoxyl (optzonally substztuted w:th 1,2 or3 halogem atoms), Ci-C4 alkylﬁno (opuonany.j SRR

halo m{d hydmxy or apha:maseuhcally acceptable sa!t ﬂmeof.
S

R : In a préferred embodment of the prasent mventlon, there is Pmded 8 cempound Of

--formula V)

o ...;Rl is CI&-CG alk}'l (opt:onally subsnmted thh 1 2 or 3 ha.logen a:toms and/or w;th 1 L AT
R subsnm}m selected from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 ﬂuonne g o e
. amms)» ‘}Yﬂm and hydrOXY), 03-06 cycloalkyl (0ptxonally suhstmzted mth 1, 2 or 3

- '__:' halogen a‘eoms andfor w:th 1 substituent selected from CI-C4 alkoxy and hydroxy)
. wherein pne C-C bond thhm the cycloa.lkyl mmety 15 opt:onaily substxmmd by an O—C

. ) .:bond, orFHzArz whcrem Ar2 is a phenyl nng ophonaﬁy subsﬁmtedmth 1, 2 or 3 R -
R 'subsntuéits each mdepandenﬂy sclected from Ci-c4 alkyl (Ophonally substituted with 1 e

1




| '-z or 3 halogen atoms), 01»(:4 a]koxy(ophonally subsnmted mﬂ: 1 2 or 3 halogen AR
N awms), c1-c4 aﬂcylﬂuo (opt:onally substtmted with 1,2 or 3 halogen atoms), halo and I
o :'A is N ar CR6 (pteferably CR6), R2 is CI-C4 alkyl (optlonallysubst:mtedmth 1, 2 or 3 o
- halogen atoms). CI-C4 alkoxy (opnonaﬁy substltuted with L2or3 halogen atoms), Cl- - -
- CAulkylthio (optionally substituted with 1, 2 ar 3 halogan atoms), halo, hydroxy, pyndyl, AT
S 'tbmphenyx. phenyl (opnonany subatltuted thh 1,20r3 suhshmmts each independently SR
L "_._:__.'_selected ﬁnmhalogen, C1-C4 alkyl (cpuonaﬂy substltuted vnth 1,20r 3 halogm atoms),:_:' ':_:" e

BN or 01_04 alk oxy (opﬁonally substxtllted with 1, 2 or 3 halogen atoms)) of phenox}'

: -_ (opnonally substxtuted thh 1, 2 or 3 halogen atoms), 123 1s H,, R4 1s H R.‘S is H, Cl -C4 .:_; : |

o - Ialkyl (Optxonally subsnmtad wﬂh 1, 20r3 halogen atoms), CI-C4 alkoxy (optxonally

S __subsntuted with 1, 2613 halogen atmns). C1-C4 alkylﬁno (monaﬂy subsututed mﬁl 1 ;
ShaS | '_2 or3 halogen atoms). halo orhyd:roxy' and R6 (1f present) is H or a pharmmtwa]ly L
S Qaccepmbie salt thereof. o Bl e
ey ) In apmfarred embodunent ofthe prment mventwn., therels pmv;dedacompound °f j-

B wherem,

-_-.f'-':X:sOHorI\iI-Iz, L T T S
. R1 5 C1-C6 alkyl (opnonauy mbshtuted with 1,2 or 3 ﬂuome atoms), cs-cs cycloatkyl

25

o wherem one C-C bond mﬂnn the cycloaIkyl mmety is optlonally substltuted by an O-C
| 'bﬁnd or CHgArz wherem ArZ isa phenyl rmg optionally subshtxned w1th i or 2

subsnments each mdependently selected ﬁ-mn c1-c4 alkyl (optlonally substltuted wnh 1




. R.I is CL»CG alkyl (optxonally subsﬁmted mth 1, 2 or 3 ﬂmnne amms) or C3-CG O
SRR . cycloalkbd whemn oue C-C bond wzﬂmz the cyclnalkyl moxety 13 Opﬁonany substzmted i o
| .__1'5.-;'-'__hym0£mn¢ R S e T
P .'-j:}- (OP“"WVY substituted with 1, 2 or 3 finorine %-‘-Wms} or phenyl (optionally substitated |~ T o
ST mth l 2‘01' 3 ﬂuonne atoms), and RS 1s H orF ora phmmaceutxcally acceptabla salt e

Dbt snail TR R R B Sl !

o 2 or 3 ﬂ:alogen atoms), Cl ~C4 alkoxy (opt:onally subsnmted thh 1 2 or 3 lmlogen
-”.-atoms)lhaloandhydroxy' T B e e
i -’Mmﬂl-@alkyl(opnonaﬂysubsnmtedwithl 20r3 ﬂnonneatoms), CI—C4 alkoxy S

_ } (ophan‘a]ly submaned thh 1,2 ar 3 ﬂuonne atoms} or phmyl (Optxonatly sub mm . | N |
ﬁ wnh 1, ‘2 pr3 ﬂuonneatoms), andRS 1s H orF, or aphmnmeuncal]y ac‘ceptable salt - L

BI04 alst (ophmm ”’bs““"e" with1, 20r3 ﬂume atoms). 01-04 alknxy IR

b _.-_:_:SpeClﬁG %mbodlmenﬁs of ﬂlepresentmventmn llldude the meoun ds R
S, 1'-blphenyl]—2-y1—2-morphohn~2—ylp!‘°1’an-2-ol, o
e -[5-ﬂnoro-2-(methyioxy)phmy1}-2~marphohn-2-ylbm-z-ol,
. 2-moxph<}1m-z-y1-1 {2—[(mﬂuommethyl)oxy]phmy1}butan-2-ol
S, 1’-b%phenyl]-z-yl‘-z—morphohn-ia-—ylbutan-z—ol, ; ' | __
o 1 [5-ﬂuow-fl-(methyloxy)phenyl]—3»mezhyx-z-morphohn-z-ymutmz.ol
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-3-methy1_—1—[(Z-methyloxy)phenyl]-2~moxpholin—2—ylbutan-2—ol,

1-[(2-ethyloxy)phenyl]-3-methyl-Z-morpholin-2-yibutan-2-0l,

3-methy1—2-ino1pholin¥2-y1~1-{2-[(mﬂuommethyl)oxy]butan-z-ol,

1-{1,1"-biphenyl]-2-y}-3-methyl-2-morpholin-2-ylbutan-2-o, -
1~(4-fluoro[1,1°-biphenyl}-2-yl)-3-methyl-2-morpholin-2-yibutan-2-ol, -
1-[5-fluoro-2-(methyloxy)phenyll-4-methyl-2-morpholin-2-yi-pentan-2-ol,

1-[2-(ethyloxy)phenyl]-4-methyl-2-morpholin-2-ylpentan-2-ol,

4-mgthy1—2—mo:pholin-2—yl~1-_— {2[trifluoromethyl) oxy]phen)d}pem-z-ol,
14{1,1"-biphenyl]-2-y1-4-methyl-2-morpholin-2-ylpentan-2-ol,
1-(4-fluorof1,1"-biphenyl}-2-yl)-4-methyl-2-mrorpholin-2-ylpentan-2-ol,

1 -cyclopentyl-z-[5-ﬂuoro—z-(méthyloxy)phenyl]_-1-momholin-_z"-ylethanol,

1-cyclopentyl-2-[2-(ethyloxy)phenyl)-1-morpholin-2-ylethanol,
1-cyclopentyl-1-morpholin-2-y}-2- {2-[(trifluoromethyljoxy] phenyl} ethanol,
2-{1,1’-biphenyl}-2-yl-I-cyclopentyl-1 -mo_rpholin-z-ylethannl, |

 1-cyclopentyl-2-(4-fluoro{ 1,1°-biphenyl}-2-y1)- 1-morpholin-2-ylethanol,
2[5 7ﬂuoro-2—(mefhyloxy)phenyl]-1~m0rpholin-2-yl¥ 1-tetrahydro-2H-pyran-4-ylethanol,
. 1-morpholin-2-yl-1-tetrahydro-2H-pyran-4-yl-2- {2-{(trifluorometbyljoxy]
phenyl}ethanol,

2-[1,1°-biphenyl}-2-yl-1 -morpholin-z-}'l-l-tetrahydro-ZH-pyran—é-ylethanoL
2-(3'-ﬁuoro—biphenyi-2—yl)-1-morphoﬁn-z-yl-1-(tetrahydro-pyrai1—4-’yl}-ethanol,
5,5,5-trifluoro-1-(5-fluoro-2-methoxy-phenyl)-2-morpholin-2-yl-pentan-2-0l,
5,5,5-trifluoro-2-morpholin-2-yl-1-(2-triftucromethoxy-phenyl)-pentan-2-ol, -
1-{1,1-biphenyl}-2-y1-5,5,5-trifiuoro-2-morpholin-2-ylpentan-2-ol,
6,6,6-triftuoro-1-{5-fluoro-2-(methyloxy)phenyl}-2-morphol-2-ylhexan-2-ol,
1-[1,1’-biphenyl]-2-yl-6,6,6-trifluoro-2-morpholin-2-yljhexan-2-ol,
1-cycldpropyl-Z-[-2-(methyloxy)pheuy1]-1-mozpholin—Z—ylethanol,

- 1-cyclopropyl-2-[-2-{ethyloxy)phenyl}-1-morpholin-2-ylethanol,

2-{1,1’-biphenyl]-2-yl-1-cycloprapyl-1-morpholin-2-ylethanol,
1,3-bis-(2-methoxy-phenyl)-2-morpholin-2-yl-propan-2-ol,
1-(2-methoxy-benzyl)-2-(2-methoxy-phenyl)-1-morpholin-2-yl-ethylamine,
2-morpholin-2-yi-1,3-diphenyi-propan-2-ol,
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12 methoxy-phonyl)-2-morpholin-2-yl-bexan-2-ol,
2-mdrphotinyl-1-bipheny}-2-yl-hexan-2-0f,

o 1-(Z-iichloro»&ﬂuom-phenyl)-4-methy1—2-morpholin'-z-yl-peman-'z-ol and 2
| -1-(2-?:hloro-phenyl)-4—methyl-2-morphoﬁn—Z-yl-pentan—Zi-ol

and pharmaceutically acceptable salts thereof.

| | |
The c{ompounds of the present invention are inhibitors of norepinephrine renptake.
Biog:lruic amine transporiers control the amount of biogenic amine neurotransmitters in -
the s:.luaphc clcft Inhibition of the respective transporter leads to a rise in the
conceP&auon of that neurotransmitter within the synaptic clefl. Compounds of formula (1)
and ?1'1311’ pharmaceutically acceptablg salts preferably exhibit a Kl value less than 600nM

at the ;norepinephﬁne transporter as determined using the scintillation proximity assay

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

i _
acceptable salts exhibit 2 K; value less than 100nM at the norepinephrine transporter. Still
more preferred compounds of formula () and their pharmaceutically acceptable saits

exhzbs{ a K value less than 50nM at the norepinephrine transporter. Especially preferred
compqunds of formuia () and their pharmaceuncally aﬂceptable salts exhibit a K; value

less th#n 20uM at the norepmephnna transporter. Preferably, compounds of the present
mvention selecnvely inhibit the norepmephnne transporter relative to the serotonin and

_ dopam;ne transporters by a factor of at least five, more preferahly by a factor of at Ieast

' ten usqlg the scmtﬂiatmn prox:mlty assays described below.

25

!
4

In addition, the compounds' of the present invention are preferably acid stable.
Advanﬁgeously, they have a reduced interaction (both as substrate and inhibitor) with the -
liver enzyme Cytochrome P450 (CYP2D6). That is to say, they preferably exhibit less
than 75% metabolism via the CYP2D6 pathway according to the CYP2D6 substrate assay
descnbéd below and they preferably exhibit an IC50 of >6uM according fo the CYP2D6

inhibitof assay described below.

|
!

|

!

|
i
1
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In view of their pharmacological 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 in mammals, especially

- humans, including children, adolescents and adults. -

The term “norepinephrine dysfunction” as used herein refers to a reduction in the amount
of norepinephrine newrotransmitter within the synaptic cleft below that which wouldbe
considered to be normal or desirable for a species, or an individual within that species.
Thus the phrase “disorders associated with norepinephrine dysfunction in manmals”
refers to disorders which are associated with 2 reduction in the amount of norepinephrine

- newrotransmitter within the synaptic cleft below that which would be considered to be

ﬁqrmal or desirable for the mammalian species, or an individual within the species, in

: questioh, Disorders associgted with norepinephrine dysfunction in mammals include, for

example, nervous syStéin _conditions'selected from the group consisting of an addibtive

~ disorder and withdrawal syndrorme, an adjustment disorder (including depressed mood,

 anxiety, mixed anxiety and depressed mood, disturbance of conduct, and mixed
disturbance of conduct and mood), an age-associated leamning and mental disorder
(inclnding Alzheimer’s disease), alcoho] addiction, allergies (in particular allergic -
thinitis), anoroxia nervosa, apathy, asthma, an attention-deficit disorder (ADD) due to

 general medical conditions, attention-deficit hyperactivity disorder (ADHD) including the
predominantly inattentive type of ADHD and the predominantly hyperacﬁve-ilﬁpul sive
type of ADHD (and optionally by way of combination therapy with one or more
stimulants such as methylphenidate, amphetamine and dextroamphetamine), bipolar

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

| disorders (discussed in more detail below but including delusions, dementias, amnestic

- disorders, mild cognitive impairment (MCT), cognitive iﬁpahment'associated with

schizophrenia (CIAS) and cognitive disorders not otherwise specified), communication
 disorders (including stuttering, expressive language disorder, mixed receptive-expressive
language disorder, phonological disordér and communication disorder not otherwise
specified), conduct disorder, cyclothymif: disorder, dementia of the Alzheimers type '
(DAT), depression (including adolescent depression and minor depression), dysthymic
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disorder, emotional dysregulation (including emotional dysregulation associated with

_ ADHf? borderline personahty disorder, bipolar disorder, schizophrenia, schlzoaﬁ'ectzve

dlsorcﬁer and intermittent explosive disorder), fibromyalgia and other somatoform
disorders (including somatization disorder, conversion disorder, pain disorder,

hyp ocipondnas;s, body dysmorphic disorder, undifferentiated somatoform disorder, and
somat+form disorder NOS), generalized anxiety disorder, hot flashes or vasomotor
symptoms, hypotensive states including orthostatic hypotension, impulse control
disordérs (including intermittent explosive disorder, kleptomania, pyromania,
paihol#gical gambling, trichotillomania and irapulse~control disorder not otherwise

_specxﬁbd), incontinence (i.e. bedwetting, stress incontinence, genume stress
' mconnmnce, and mixed incontinence), an inhalation dlsorder, an mtoxlcatlon dlsorder,

leamm g disabilities (including developmental speech and layguage disorders (such as

. dcvelopmental articulation disorder, developmental expms1ve language disorder and .
_ 'develo;?mental recgptive language disordgr), learning disorders (such as reading disorder,
- mathematics disorder, disorder of written expression and learning disorder not otherwise
i speciﬁe%d) and niotor skills disorders (such as developméﬁtal coordination disordef)), |

p1ania, inigraine headaches, neuropathic pain, nicotine addiction, obesity (i.e., reducing
the weight of obese or overwexght patients), obsessive compu}swe disorders and related
spectnn%n disorders, oppositional defiant disorder, pain including chronic pain,
neuropﬁthm pain and antinociceptive pain, panic disorder, Parkinson’s disease (in
particular to improve dyskinesia, oscilations, balance, coordination, depression, and

_ motivatio_n), peripheral neuropathy, personality change due to a general medical condition

(includiiig labile type, disinhibited type, aggressive type, apathetic typé,' p"aranoid type,
combinrid type and unspecified type), pervasive developmental disorders (including
autistic disorder, Asperger’s disorder, Rett’s disorder, childhood dlsmtegmtwe disorder, -

- and per\Jaswe developmental disorder not otherwise specified), post—traumauc stress .

dlsorder\ premensirual dysphoric d:sorder {i.e. premenstmai syndrome and late luteal
phase dysphonc disorder), psoriasis, psychoactive substance use disorders, a psychonc _ |
disorder (mcludzng schizophrenia, schizoaffective and schizophreni form disorders),
seasonal ,affectuu'e disorder, a sleep disorder (such as narcolepsy and enuresis), social

phobia (1rlclud1ng social anxiety dlsorde.r), a spectfic developmutal disorder, selective

|
|
|
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serotoxiin reuptake inhibition (SSRI) “poop i:mt" Syndrbme (i.e., whérein a paﬁeni v}ho B
fails to maintain a satisfaciory Tesponse to SSRI therapy after an initial penod of

. sausfactory response), TIC disorders (e g., 'I‘outette‘s stease), tobacco addiction and

vascular dementia. The compounds of the present mventmn are pa:ucularly suitable for
the treatment of attention deficit hyperactivity disorder, ADI-ID The compmmds of the

: present invention are also parhcularly smable for the treatmant of sch:zophrema. SR

_The tr;r:n “cognitive disorders” (aflsq variously referred to as' “cdgniﬁve failure,”

“cognitive insufficiency,” “coguitive deficit,” “cognitive nnpmrment," “coguitive |

 dysfunction,” and the like) refers to the dysfunction, diminution, or loss of one ormore
. cognitive fumctions, the processes by which knowledge is acquired, refzined, and used.

Cogmtwe dysfunction mcludas cogmtwe changes associated wlth ageing (“age—assocxated
memory impaiupent™), as well as changes due to other causes. Cogmnve impairment i is
most commonly duetoa dehrmm or dementxa, but can also oceur in assocmtton witha.

number of other medical or neuropsychiatric disorders. More focal cognitive deficits are

dxagno_sed using the criteria disclosed in the Dmgu_ostw and Statistical Manual of. Men:al _
Disorders, Fourth Edition, Text Revision (DSM-IV-TR™, 2000), American Psychiatric

- Association, Washington, D.C,, as either amnestic dlsorders (aﬁ'ecbng memory) or

- cogmtwe disorder not otherwise specxﬁed (NOS), which includes executive dysfunction, -

200
- more focal cognitive disorders also have awide vancty of cauScs, some of which are of -

wsuospaualivzsuocontrucnonal 1mpa1rmcnt, attentional deficits, dlsonentauon, etc. These

. "unlmown enology

30

A deleriumm is characterized by a disturbance of consciousness with & reduced ability to

| focus, sustam, or shift attention and . a change i in oogmnon that develops overa short . -

' period of time. De}mum is very common, and ocours on average in about a ﬁﬁh of

)  general hospital mpat:ents, and is even more common in nursing home patxents and those ,
with terminal ilinesses. The disorders inofuded in the "Delirium” section of he DSMAIV-
“TR™ are Hsted according to presumed etiology: Delirium Due to 2 Genersl Medical

Condition, Substance—h:duced Delirium (i ,dueto a2 drug of abuse a medxcanon,

toxin exposure), Dehnum Due to Multiple Etiologies, or Delirium Not Otherwise B
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itied (if the ctiology is indeterminate). As disclosed by Wise et al. ((2002) Delirium
(Conﬁ(lmona] States), J» Wise and Rundell, Eds., The American P.sychzamc Publishing
Texrbc*ok of Consultation-Liaison Psychiatry, Psychiatry in the Medically Ill, Second
Edition, American Psychiatric Pubhshmg, Inc. Washmgton, D.C. Chapter 15 Pp- 257-
272, T[able 15-4), exemplary etiolo g,:cal bases of delirium inclade, but are not limited to, |
mfectl 1, withdrawal from alcohol and drugs, acute metabolic condmons, traumaof -
various types, CNS pathologies, hypoma, vitamin deficiencies, endocnnopathms, acute

vasculﬁ!r c.ondxtmns, toxiss or drugs, and heavy metals.
|

* A deméntia is a chronic condition, usually with a more gradual dexenoratlon of memory

and oﬂa,Lar intellectual functioning and other cogmtlve skills severe enough to mtetfere o
with thi: ability to perform activities of daily living. Although dementia may occur atany

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

. of age dnd in as many as 40% of persons over 80 years old. Dementia due to Alzheuner‘s -

15

20

25

30

- dlSBase is particularly common. Non-Alzheimer’s cognitive impairments and/or

dcmentﬂas include, for example, those caused by or associated with: vascular diseases; _
Parkinst;m 's disease; Lewy body disease (diffuse Lewy body disease); HIV/AIDS; mild
co gmtwle impairments; mild nem‘ocogmtwe disorders; age-associated memory
nnpmrn18nts neurologxc and/or psychzal:nc conditions including epilepsy and epilepsy
trea_nner}ts, brajn tumors, cysts, Jesions, or other inflammatory brain diseases; multiple
sclerosis; Down’s syndrome; Rett’s syndrome; progress‘ive'supranuciear palsy; frontal
lobe den]allentia syndromes; schizophrenia and related psychiatric disorders; antipsychotic
medications; traumatic brain injury (closed head injury), dementia pugilistica, and other
head tramas; normal-pressure hydrocephalus; surgery (including coronary artery by-pass
graft surfery) and anaesthesia, electroconvulsive shock therapy, and cancer and cancer '
therépiegr | | |

!
The dem%ntias are also lisied in the "Dementia® section of the DSI\.rI--I\_I’-'I'RTM according |
to presunied etiology: Dementia of the Alzheimer's Type, Vascular Dementia, Dementia -
Due to O%her General Medical Conditions (e.g., human immunodeﬁbiency virus [HIV]
disease, Hiead trauma, Parkinson's disease, Huntington's disease), Substance-Induced

1
|



10

5

20

25

30 -

WO 2005/047272 ' PCT/US2004/032771 ﬁ/

Eal

23

Persisting Dementia (i.e., due to a drug of abuse, a medication, or toxin exposure),
Dementia Due to Multiple Btiologies, or Dementia Not Otherwise Specified (if the
etiology is indeterminate). As disclosed by Gray and Cummings ((2002) Dementia, i
Wise and Rundell, Eds., The American Psychiatric Publishing Textbook of Consultation-
Liaison Psychiatry, Psychiatry in the Medically Ill, Second Edition, American Psychiatric -
Publishing, Inc., Washington, D.C., Chapter 16, pp. 273-306, Table 16-1), exemplary
etiological bases of principal dementia syndromes include, but are not limited to,
degenerative disorders (cortical and subcortical), vascular disorders, myelinoclastic |
disorders, fraumatic conditions, neoplastic disorders, hydrocephalic disorders,
inflammatory conditions, infections, foxic conditions, metabolic disorders, and

psychiatric disorders. |

An amnestic disorder is characterized by memory impairment in the absence of other
significant accompanying coguitive impairments. The disorders in the "Amnestic |
Disorders" section of the DSM-IV-TR™ are also listed accordmg to presumed etiology:

_ Amnestic Disorder Due to a General Medical Condition, Substance-Induced Persxstmg
Amnestic storder or Amnestic Disorder Not Otherwise Spmﬁed.

Cognitive Disorder Not Otherwise Speciﬁed in the DSM-IV-TR™ covers presentations

that are characterized by cognitive dysfunction presumed 1o be due 1o either a genexal
medical condition or substance use that do not meet criteria for émy of the disorders listed ‘
efsewhere in the section of the DSM-IV-TR™ cotitled “Delifum, Dementie, and
Annestic and Other Cognitive Disorders.” |

' Dementia, amnestic disorders, and cognitive disorders NOS occur in patients with a wide

variety of other d_isordérs including, but not limited to, Funtington's disease (chorea);
Pick's discase; spinocercbellar ataxias (types 1-11); corticobasalganglionic degeneration;
neurcacanthocytosis; dentatorubropallidoluysian atropy (DRPLA); systemic iupus
erythematosus; heavy metal intoxication; alcoholic dementia (Wernicke’s _
encephélopath}’); fetal alcohol syndrome; single or multiples strokes, inclnding small -
vessels (Binswanger’s dementia: subcortical arteriosclerotic encephalopathy) and large
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vessq]s (mult;—mfarct dementxa), anoxic encephalopathy; nnnozs, b:rth anoxxa, pmmamre -
1‘:11’&11 inborn errors of metabolism; nmnoﬁbromatos:s (Type D); tuberous sclerosis;

viral pncephaht:s bacterial meningitis); subdural hematoma; subcortmal dement:a,

- Creuntzfeidt-Jakob d:saase' Gersﬁnmm-Sh'ﬁussler*Schemker r.'usease gcneral pareas and o

syph!\ls
} . o _
As dlécussed in deta.il above, cogmnve faﬂure may present in patxents suﬁ'enng ﬁ'om a
numb#r of dxsorders, mcludmg dementza or delmum, or du.e 10 a Wzde vanety of other e
: caused. The compounds of the present mventxon are usefill for the treatment or B

o preveqtmn of cogmﬁve failure associated w1th, or due to, the disorders or etzologws |

cux%ed above, mcludmg disorders formally class:ﬁed in the EDSM-I"\’-—'BL'R‘“‘*x For the

_ S conve;?uence of the mder, the DSM—IV-'IRW code numbem or descnptxons are supphad :
" below, “ICD-9-CM codes” refem to codes for, eg., selected general medxcal cOndmons :

15

20

30

and médmaﬁon—mduced disorders contained in the Internatioual Classzﬁca:iou of
) Diseasks gt Revxszon, Chmcal Modzﬁcatlon. '

Deirinjn Dus to a Goneral Medicfai Condition 2030
SubSta;kce-Indnced De_lirium, mcludmg '
. \ _ |
' %ubstance Intoxication Delmum _
t'ade [Specific Substance] Intomcat:on De:hnum

- 291 0 Alcohoi 292.81 Amphetamme [or Amphetamme-kae Substance], 292 81 B

292.81 Phencyclidine [or Phencyclidine-Like Substance]; 292.81 Sedative,

| %Iypnoﬁc, or Anxiolytic; 292 81 Other [or Unlmown] Substance [e g., c:mct:dme, R

dlgltahs, benztropme])
Substance Withdrawal Delirium:

I

3
"

i

_Cannabzs, 292.81 Cocame' 292.81 Haﬂucmogen, 292.81 Inhalent; 292. 81 Opmxd, RN
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s Dem?ﬂa D“e wCremfeldt—JakobD:sease 290 w (*zcn-m code) L
SN Dmex}ua Due to Other Geneml Medxcal Condmons294 1x* (*zcnm code)

iCodehasedonpresemeorabsenceofaclnucauymgnlﬁm}, 1 oral

Wﬁh Behavxoral Dzsmrbance 294 1 1

o o Code[SpecxﬁcSubstanoe}hducedPemshngDmhm-:;._-_'_jf-_:',-5"'--'.',.'.”";-'-'-:5" T
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'W:thout Behavxoral D:sturbance, 290 40 Vssm:lar I)ementna, Uncomphcated._; o

o Dm“ﬁ*“aNotOthm wise '__spe;ﬁi,ﬁea ' _' ﬁ _' - - 2943 B R Rt 0
USRS 25 3-;_Amnesizc })zsorder Due to a. Geneml Med!cal Condmon 294 o
L Substaﬂce—lnduced PemsnugAmnesncDasarder A
R _ﬁode [Specxﬁc Substmce}-lnduced Pemsnng Amnestw Dlsorder' L
s ¥91.1 Aléohol; 292.83 sedauv«e, Hypnouc, or Anxwlyhc, 292 83 Other [or r_j?' L
SR Un]mown] Submuce SR - o |
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Amnestic Disorder Not Otherwise Specified .- 2948
Cognitive Disorder Not Otherwise Specified 2049
Age-Related Cogpitive Decline 7809

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
the present invention include: enhancing cognitive functions and executive ﬁmdtioning
(ability to plan, initiate, orgamze carry out, momtor, and cm:rect one’s own behavmr) n -

normal subjects orin suh_]ects exhibiting cogmtwe dysﬁmcnon, treatment of cogmtwe
- aud attentional deficits associated with prenatal exposure to substances of abuse

including, but not limited to, nicotine, alcohol, methamphetamine, cocaine, and heroin,

 treatment of co gnitive impairment caused by chronic alcohol and drug abuse (substance-
 induced persisting dementla), medicament side effects, and treatment of drug oraving and -

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

. deficits in normal memoty functmonmg comorbid with major depresmve and bipolar o
" disorders; treatment of cognitive impairment associated with depression, mental -

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;
treannent of cognitive dysfunction in menopausal and post-menopausal women and i in-
women undergoing hormone replacement therapy; treatment of cognitive deficits and
fati gue due to, or associated with, cancer and cancer therapies (cogmtwe deﬁclts are
associated with 2 vanety of cancer treatmems, including cranial radwnon., convennonal
{standard-dose) chemotherapy, high-dose chemotherapy and hematopoxenc (bone-
marrow) transplantation, and biclogic agents).

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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eﬁ‘ective amount of a first oomponem whach is an antipsychotic, in combmanon thh an’
eﬂ'ecti ve amotnt of a second component which isa compound of formula (T). The "

mvenﬁon also provides 2 phmmaceuncal composmon whmh comprises a first oomponent

- that 1sIan ant:psychouc, and a second component that is 2 compound of formula (). In o

the geeheral express:ons of this aspect of the present mvontwn, the ﬁrst oomponent isa

oompound that acts as an antipsychotic. T.he annpsychonc may be ezﬁ:tor a typxcal

ant:ps}mhohc or an atyplcal annpsychono Although both typical and atypxcal
anupsfmhoncs are usefnl for these methods and formulations of the present mventmn, it 1s' :

. prefen{ed that the ﬁrst componont compomld isan atyplcal anﬁpsychono |

Sl
i

Typicd) énﬁpsychotios '_indmde, bt are mot fited tor 'Chlorpfomaziﬁo, '2~¢moro-1o-'(3.
dimettlylaminioprop-yl)phenothiazine, is described in U.S. Patent 2,645,640, s
phamjcology has been reviewed (Crismon, Psychopharma-col. Bul., 4, 151 (Octobg
_1&1); Droperidol, 1-(1-[3-(p-fluorobenzoylpropyl}-1,2,3 &tet:ahydm-ez-pyndyl)-z-
bm:qxdazonmne, is described in U.S. Patent 3,141,823; Haloperidol, 4[4-(4
cbloml.!(vhenyl)-tl-hydmxy- -plpendmyl]- -(&ﬂuomphenyl}l—hntanone, is descnbed in

- US. P%:ent 3,438,991. Tts therapeutic efficacy in psychos:s has been reported (Bemsford .

'andward, Drugs, 33, 31-49 (1987); Thioridazine, 1-hydmxy-10—[2-(1-methy1-2-

' pyndmyi}emyl] -2-(methyithm)phenoth1azano hydrochloride, was described by Bourqum, " |
gtal. Q;I___&_o_:,@ﬁ% 41, 1072 (1958)). Tts use as an annpsychouc has been reported

(Melmm et al, Curr. Ther. Res., 21, 587 (1977)); and Trifluoperazine, 10-{3-(4methyt- . -

l—pxpe:jamy!)-propyl]—z-m ﬂuoromemyiphenthxazme hydmchlonde, is descn'hed inU. S

 Patent é,sm 069.

__ Atypicil antipsychotics s include, bt are not limited to: Olanzapine, 2-methyl-d-(d-
: methyl-ll-p:perazmyl) IOH-thzeno[?.,B-—b]{l ,9lbenzodiazepine, is a known compomd and :

is descl?"oed in U.S. Patent No. 5,229,382 as being useful for tho treatment of
sohlzop?:rema, schizophreniform disorder, acute mania, mild anxiety gtates, _and
psychos}xs, Clozapine, 8-chloro-1 1-(4-methy1—1 -piperazinyl)-5H- o
dibenzq[b,e][l Aldiazepine, is described in U.S, Patent No. 3,539,573, Clinical efﬁcacy

inthe u’eatment of schizophrenia is described (Hanes, et a] M_Bgﬂ_. 24 .

i
.
|
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62 (1988)); Risperidone, 3—[2-[4-(6-ﬂoofo?1,Z-benzisoxazoi-B-yl)pipeﬁdioo]ethj?l}—iZQ :
methyl-6,7,8,9 tetahydro—4H-pyndo[1,2-aprnm1dm—4—one and its use inthe treatment

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

chioro-1- (4-ﬂuorophenyl)-1H—mdol-3—yl]— -p1pendmy1]eﬁ1y1]nmdazohdm-2-one,

- described in U.S. Patent No. 4,710,500. Its use in the treatment of sob.tmphrema is
 described in U.S. Patent Nos. 5,112, 838 and 5,238,945; Queuapme, s-[z-(4. L

dibenzob,f}{1.4}thiazepin-11-yl- 1-p1peramny1)ethoxy]ethanol, and its actmty in assays
which demonstrate utility in the treatment of schizophrenia are described in US.Patent

_ No. 4,879,288, Quetiapine is typically administered as its (E)-2-butensdioate (zfz)sait;

Ziprasidone, 5- [2-[4-(1;—benzoisothiaz-olé-yl)-1-piporaz:inyl]et'hyl]-6-ohloro;l,3- o

_ d1hydro-2H—mdoI—2—one, is typically adm:mstezed as the hydrochlonde monohyd:mto _

'The compound is desctibed in U.S. Patent Nos. 4,831,031 and 5,312,925, Tts activityin <

~ assays wlnch demonstrate utility in the treatment of solnzophrcma are dosonbed n U S.
 Patent No. 4,831,031; and Anplprazole (Abilify™), 7-[4—[4—(2,3-:!1oh10rophonyl)—1-

. piperazinyllbutoxy}-3 -dinydrocarbostyril (U.S. Patents 4,734,416 and 5,006 528)is2 =

" new annpsyohooc mdxcatod for the treatment of schlzophrema. _ .

Tt will be ﬁoderstood that ﬁvhilo the use of a single antipsyohotic asa ﬁrst oomponent o

oompmmd 15 prefenod, combinations of two or more anttpsychoucs may be vsed as 2 ﬁrét
component if nooocsazy or desired. Sxmzlarly, while the use of a single compound of

formula () 2s 2 second component compound is preferred, oombmaoons of two or more
compounds of fommla (I) may be used as a second component if nocossary or dosn‘od.

 'While all combinations of first and second component mpmds are useful and

va!uable certmn combmanons are particularly valued and are proforred, as follows
' olanzapma!compound of formula 44 '
| clozapmdoompound of formula (D)’
: nspendone!compound of formula (I)
sertindole/compound of formula ()
quetiapine/compound of formula Ty
ziprasidone/compound of formula (D




| ' mdxcatkd.

10 ¢

s

" _'__"';:3_0'_.; |
a“PIPfazolefoompound of fonnula (1)

oombmauons andmothods ofh-eannentusmgolanzapinoasﬁ:eﬁrst

B _compdnentaroprefenod. It‘.ls ospecxauyprofmedthatwhenthoﬁrstoomponentls
0 e, itwill be iheFom o olanzapme as doscn'bode S Patent S 736 541 e T
'Although Form II ola:nzapme is praferred it will be mderstood that as used herein, the __ R

olanzapmo ombraoos all solvate and polymorphxc fo:ms unloss spoolﬁoaliy

00an that can be troaied by the adjunotl\re tharap}' aspect °fﬁ1& Present mventlou..:-.i":{ﬁ.._ -
2 ‘.__ __._.mclud¢ ochwophrma, schxzophremform dlseases, 'b]:polm- dlsorder m mania, awd o
- : _"snhmoiﬁechvo disorders, The ntles gwen theso condrnons reprwent mulnpla chseaso .

‘The followmg hst mushaies a number of thoso d;seaso stato& many of whlch are

N3 hmﬁ;edinthe DSM-IV-TR™, The DSM-IV-TR™ code aumbers for these discase o
statos *e supphod bolow when avmlable for the o convenience of the reader o i '_ LB

{

. .-Parano;dTypeScmzopln'ema g e 295 30 SR A
o _Camo:}:c'rype Schlzophmma | 29530 e T
20 _ | e T e
;_.Schlzoaﬁ'ecuvelhsoxﬂer _' o 29570 L

.-\_:. t S

The pn{sent mvennon also encompasaos tho use of one or mom compounds offozmula (I)

i comt}manon with one or more convont:onal Alzhenne; s agonts for the prevenuon or
treatmelt of cognitive dysﬁmct:on in panents suﬁ‘enng ﬁom Alzhelmer’s disease. The .

o mventxon also prowdes a pharmaceutxoal composmon whmh oompnses a ﬁrst component
thatis a comrennonal Alzhenner 3 agont and a socond oomponent thaz 1s a compound of
fommﬂ (I) Convonuonal Mzhonner‘s agents include mbibrtors of acetylcholmo RS
degmdﬁhon (1 e cholmemmse or aoetylchohnesterase mhibxtors) thhm synapsos, & g . B L
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 donepezil (Aricept®), tivastigmine (Bxelon®), galantarmine (Reminyl®), and tacrine

(Cognex®); the selective monoamine oxidase inhibitor selegiline (Eldepryl®); and
mmemantine (Namenda ™), a newly FDA-approved NIMIDA receptor antagonist for the

" treatment of moderate to severe Alzheimer's disease. Modafinil (Prongl@) is also used

in the treatment of Alzheimer’s disease.

The present invention also encompasses the use of one or more compounds of formula ()
n i:bnibination with one or more conventional Parkinson’s agents for the treatment of
cognitive dysfunction in Parkinson’s disease. The invention also provides a. '
pharmaceutical conposition which compnsesa first component thatisa convenhonal

- Parkinson’s agent and a second component thatis 2 compound of formula (I)

Conventional Parkinson’s agents include levodopa, levodopa/carbidopa (Sinemet®);
Stalevo (carbidopa/ievodopa/entacapone); dopamine agonists, e. g-, bromocriptine;
Mirapex® (pramipexole), Permax® (pergolide), and Requip® (ropinirole); COMT
inhibitors, €.g., tolcapone, and enfacapone; Selegitine (Deprenyl®; EIdepryi@);

| propranolol; primidone; antichiolinergics, e.g., Cogentin®, Artane®, Akipeton®,

Disipal®, and Kemadrin®; and amwantadine.

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

may be administered simultaneously, separately or.sequéntiaﬂy. Similarly, said
compositions encompass combined preparations for simmultaneous, separate or sequential

use.

The term “treatment” as used herein refers to both curative and prophylactic treatment of

* disorders associated with norepinephrine dysfunctioi_:. Thus, the term “treatment” is

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

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

necessarily indicate a total elimination of all symptoms, and is intended to include
prophylactic and therapeutic treatraent of such disorders.

s
S
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_‘Ihe qompounds of the pment mventzen are also indicated for the treatment of d:sorders

whlcl? are amehoraied by an increase in the amount of norepmephzme neurotransmﬂter

w1thm the synaptic cleft of a mammal above that which would be consmered 10 be nexmal o
or dedzrable for the mammahan specles, or an mdmdual thhm the sPee:es m queshon

l .
i

In anc#ther embodiment of the present mvenuon, there Is pmwded a pharma.ceuncai

comppsition comprising a compound of formula () or a pharmaceutically acceptable s alt L

theredf together with & pharmaceutically acceptable dﬂuent, excipient or camet o

_ In anqther embommt of the present mvennon, there is pmvzded a compound of fﬂrmtzla L
@ or #Phazmaceuncally meptable salt thereof for use in therapy '

R
i

In anoither embodlment of the present mventlon, there is provxded a compound of formula .
M or ¢ phannaeeuncaﬂy acceptable salt thereof for use as an mhxbxtor of the reuptake of
. _norep%nephrme Preferably such inhibition eccurs wnhm mammahan cells (moludmg
| -mamn}mhan cell membrane preparations), especmlly those found mthm the central and/or
: rpenphFral nervous system. More preferably such inhibition occurs within the cells of the - -

central nervous system of a mammal, especially a human, in need thereof.
| . . o _

'_In ano*:ber embodiment of the present inVenﬁeﬁ there is provided a eoxﬁpouxid' of fermula S
) or 4pharmaceutma12y acceptable salt thereof for nea!mg dlsorders assoczated with

norepx%lepbnne dysfzmctmn in mammals. X
b ' '

- In anolher embod:ment of the present mventmn, there is provxded the use of a eompound .

25

“of fonJmla @ora pharmaoeutica]ly acceptable salt thereof for the manufacture of a

" : _medxcz*ment for mhlbitmg the reuptake of norepmephnne

30

|
|

In another embodiment of the present invention, there is provided the use of 2 compound =
of fornhula @ or a pharmaceutically acceptable salt thereof for the manufacture ofa’ |
medicdment for the treatment of disorders assocxated with nerepmepln-me dysﬁmctmn in

mammla.ls

|
t
!
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I another embodlment of the preseni mventmn, there is provided a method for mhlbltmg E | o
the reuptake of norepm«e:phnne in mammals compnsmg admm:stenng to a patlent in need'_- S

thereof an effecnve amount of a compmmd of formula (I) or a phannaceuhcally

‘

‘In another embod:ment of the present mventmn, thew is prmnded a method for treatmg

disorders assoc:ated with norepmephrme dys:ﬁmcnon mma:mnals compnsmg

adminjstering to a patient in need thereof an eﬁ’ect:ve amount of 8 °°mP°1md o f meula R

(I) ora phaxmaceuucally aoceptable salt thereoﬁ

: 'The present mventmn includes the phaunaceuucally acceptable salts of the compounds of o .
_ fonnula (1) Smtable salts include acid addition sa.lts moludmg salts formed wrth

morgamc aclds for example hydrochlbnc, hydrobmmlc, mtnc, sulphlmc or phOSphonc

3 aclds or with orgamc aclds such as organic caxboxyhc or orgamc sulphomc acids, for | _ R |
o 'example, acetoxybenzmc, citric, glycohc, mandelic-l, mandeho—dl, mandehc-d, male:c, S
'-'Z'mesotananc monohydrate, hydroxymalelc, fomaric, lactoblomc, mahc, o R

:methanesul:phomc, napsylic, naphthdenedmﬂfomc, naphtoxc, oxahc, pahnrhc,

U phenylaoehc propiomnic, pyndyl hydroxy pyruvic, sal:lcyhc, steanc, succinic, sulfamhc, L

20

30

 tartaric-l, tartanc-dl tartmc—d, Zhydroxyeﬂ;ane sulphomc, toluene—p-suiphomc, and T

xmai'mc aclds

. The compmmds of the present mvantlon may be used as med:caments in human or _' :
- vetenna:y medicine. The compounds may be admmxsterad by vanous routes for .
N cxample, by oral or rectal routes, toplcally or parenteraﬂy, for e:xample by m_;ecnnn, and

a:re usually employed in the form of a phannaceutlca.l composmon.

Slich compositions may be prepared by methods well known i;n the phérmacetlticél art
and normally comprise at least one active compound in association mth a

phaxmaceuhcally acceptable dﬂuent, axcipxent or carrier. In making the composmons of -
the present invention, the active mgredxent will usually be n_uxe_d with a carrier or diluted - -
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bya caine.r, and!or enclosed w;thm a carrier which may, for example, bei in the form of 2
capsuld, sachet, paper or other contaiver. Where the camea' serves as 2 dzluent, it may be
sohd, sq:xm-sohd, or liquid material Wthh acts asa vehmle. excipient or medtum for the
active xbgredwnt. Thus, the composition may be in the form of tablets, lozenga sachets,
5 cacl'ue'(s1 shxlrs, suspenslons, soluﬁons, syrups, af,rosols {as a solid or m a liquid medmm).
. ointments containing, for example, up to 10% by weight of the acave comp ouml, soft and
hard geiatm capsules, supposztones, injection solutions and suspensmns and sterile |

packag%d powders
Lo
!

10 Someel amplﬁ of suitable camem are lactose, dextrose, vegetable mls, benzyi alcohols,
‘ alkyleng glycols, polyethylene glycols, glycerol triacetats, gelatm, ca.thohydrates such as .

_ _ starch de petrolenm jelly, sucrose sorb1tol, magnitol, stamh&n gum acama, calcmm -

o . S _phosphz\te alginates, tragacamh gelatm, syrup, methyl cellulose, methyl- and propyl~

B hydrobenzoate, talc, magnesium stearate and mineral 011. The compounds of formula (1)

15 canalsdbe lyophihzed and the lyophilizates obtained used, for example, for the

pmduct:ion of injection. preparanons The prepamtmns md.mated can be sterﬂxzed and/or
can con*mn auxiliaries such as lubricants, preservatives, stablhzem and/or wetting agents
emulsxqers salts for a&'ectmg the osmotic pressurs, buffer substances, colourants,

ﬂavounngs and/or one or more finther active compounds, £.8. one or more vxtamms
20 Compoqmons of tha invention may be formulated so as to provxde, quick, sustamed or o
| delayed ]release of the active ingredient after admlmstratmn to the pahent by employmg
) proeedures well known in the art. : -
{ . o

| . -The conkposntwns are preferably foxmulated ina dosage it foxm, each dosage tmrt o
25 contmmpg from aboutSto about SOOmg,more usuallyaboutzs toabout300 mg, of the _' '
| active u‘gredmut. The term “dosage unit form” refers to physxcally dxscrete umts suitable -
ag umtuy doses for human subjects and other marmmals, each umt contmmng a _
'predetermmed quantity of active material calculated to produce the desired thempent:c o
effect, i u‘\ association with a smtable pharmacauncal carrier,
30 !

!
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!
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__'_.-_--._mmtennediatesofformulaeoc),(lﬂ),OUI),OW)and(XVI)maybepmpmdas s
shown below (whereprepmm aN-pmtect:ng m andR? ﬂlldR8 'Whl ch maybe the _.
S ;.sameordlﬁ'erent, eachrepresent Cl-mnlkyl(optIOMysubshmtedwr&mne OMe .
gro“P)’ ot, taken toge!herthh ﬂlﬁN atomtowh:chtheym aﬁal"hnd, fm apyrrohdme, T
"-_?..papendlnentmmphohnanng) S SR

: may be converted mto the amide of fonnula (#4743 by reactmg a solutmn of (XV) thh

-_Compomds of the prasent mventxon maybe prepared by con'irennonal o:gamc chem:stry S
» 'techmques. General schemes ouﬂﬁamgthesyntheucmutesto compounda ofthepresem R
_ mvent:onaredesm'bed below Forclmty,Rx,RyandRzareshownasH,howavm', it R
o will be appmmated that anazogous methods could b applied for other possible :dennuea RN
”wmmmh ¢Qw,~a~-- - 'k

R _'7_: _N-pmtected eﬁ:anolamme is reacted w:th 2-chloroacrylomtzﬂe to gwe a chhael adduci_ , _': S

o '::,_-__.whlc,h is them traated m sztu thh 2 basa, Such as potassmm t-butoxxde, to gwe a ' _ o

compaund of fmmula (X) The componnd of formula (X) may then be hydrolysed m

SN H;SO.;/ethmol to give the ester of formula (Xl) Thisin turn maybe converted into the

 Weinreb amide,of formula (XII) by adding a sfution of (X to a premixed solution of
NN -dnnethylhydroxylaunne and tnmethylahmumm Alternatively, the compotmd of R
* " formula (X) may be hydrolysed in H;O/HC] to give the acid of formula (XV). This in tum L
oxalyl chloride or SO’CI;, to prcmde an a.cyl chlorids wlnch is thm reacted mth an amme B
'  ofthe formulaR‘?RSM—I such asdamemylamme armorphohne The preferred |



-..,..-..-..__.._—-.-.- it i B

| Simahle N-pmtecnng grongs swill be knawn to the person siilled in the . :Fm“ther 3 .
L info "ononmutableN—pmtecnnggroupszscontamedmthewellknowntext R
- “Protgtive Groups in Orgenic Synthesis”, Theodora W. Greeno and Peter GM. s,
S Jokm ﬂey&Sons, Inc New York, 1999; pp494—653 Bmzyris $ gspecla]]ypmfm;f'
RER Y N-protiwnng gowp. Lt .
. 10 N-—protbr:ted oompounds offormula(l)whermeM{gmaybepmamd ﬁ'om .
i : qudsofformula(?{)asshombelaw - o

.".[ L
|

" ot tnctated

: el mt igo{g‘gd ST
Inmuté A the mtermedxate (K) 1s treated with an axcess ofthe G‘ngnm'd reagent SRR L
L ATICH MgBr to provide anN-pmteeted oompotmd of formnula (T) whersin X is Nm and 5?-_- L
15 --m is OFlpAx2 wherein Ax2 = Arl. In ronte B the intermediate (X) is treated with one S
R eqmvalpnt of the Grignard reage:nt RlMgBr followed by ons eqmvalmt of the Gngnard
Tenn] -_mgmt!ArlcnzMgBm provide an N-protected cumpoxmﬂ of formnla @ wherein Xis ..
__ NI-I; Altemauvely, the Gngnard reagﬁnt ArlCI-I;MgBr may be added ﬁrst followed by :_- = '_ .

L ':-_'.;'éRlMg,E*r Prefarably, aLewxsac:d mchas htamum xsopropoxzde is added to thereact!on G NS




,. '-_. mucture m between addmon of the Gngua:d ;eagents (s.ee Charette- A.B Gm A,
e : Ianes, M, Mellon, C Teh'ahedrm: Lett, 1993 39(29), 5147,5150 .md Ghareue,_'_ A.B ;

o -5 _N—pmtected eompounds of fonnula (I) Wherem X 1s OH ande 1s CHzAl‘Z wherem Az:Z"-"_ - i

::.-._ Intennedmte (Xl) is treatedwnh an excass of tha Gngnard roagant ArlCHzM@r to _
fprovzde m N—prote@ted compormd of fonnula {I) whwmnx 13 OH and Rl 15 CH;A:Z

S :;’-__I'f'_'N-protected oompomds offonnula a) Wherem x is OH maybe prepared from the
o W emb am:de offormula (XII) or the amxde of fonnula (XVI) as shownbelow

1 To 2 solut!on of (XII) or (X‘VI) 13 addeda solntxon of themqmszte Gngnazd reagent
RlMgBr to pztmde, on work up, 2 oompound of formula (XI[I) When the reactxon is
- condncted using theprefen'ed enantxomers (XIb or (XVI)b :t pit _' *mth tetentxcn of'-.-‘-

'-"'-._':s!aerwchennstryto pztmde (X]Ii)b DR




) i 'I‘o ac}inhon of theketone of formula(}GIl) is added a soluhon of the Gngnazd reagenr.

i
i
t
!
!
1
{
.

Woegsanzi2s o persesses - ACY

MgBr tn provnde an N—protecmd compo:md of formula (I) wherem X 13 OI:'L

S When &he renctxon is conducted usmg ﬁxe prefen'ed manttomer (JCBI)b ﬂ:e reachon

10

E _..:_}_; schemeitﬂ pm?l de a N.pmtected compound of formnla (I) whemn X is OH

- syntheésized
- 'x=—-0Hhsshownbelﬂw S

A soluﬁon of N-pmtected moxphohnone is rmawd Wxth a strong base sm:h as hthmm
e %-'??;dusopropyiamxde. To this solution is added an aldehyde R1CHO, Reduction of the

L o 'J"”;_‘_'mmpb&hne carbonyl group usmg, for example bomne-TIEf complex followed by

el omdan{m of the alcabol using, for example, Swern oxidation conditions, provides 2 -

;"'-:.N-prote“cxeﬂ compomds of the presmt mvennon whemm X zs CI—C4 alkoxy, nray be

vind of formula (XI) which can be reasted omward as desoribéd mﬂaepﬁmous

4o
i‘.

..‘.._

by standa:d alkylatxon of the N—pmtected compouuds of formula (1) whe:am ".




J*‘;'W

1 {i) straag basa '
(n) R-Hal -

_.-_example, sodmm hydnde Sxmﬂaﬂy, smiable alkylatmg agents w:l! be knm tnthe 2 o
AT pelson shlled m the art and include, for axampla, ClaC4 atkyl hahdes such as methyi 8
S5 odider : ¢

Nprotectcd‘bompmmds oi' theprcsent mvennon wherem X:sNH(Cl-Oﬁ:aIkyi)' maybe
! fisynthes;zed by ireatment of a compound offozmula(!) wherein X = NH, wnder reductive "_' B
S ‘alkyia.'ang conditions or using suitable alkylating agonts kenown to the pamon sk:lled o
the art mcinﬂin& forexample c1~c4 alkyl hahdes snch asmethyl md:de. UL

S 3".j" ":_3._'3N-pmtected compounds of the present mventxon maybe elaboratadupon usmg standard .
L -Q__; o 'o:rgmnc chennstryto provuie furthm‘ N—protected compounds ofthe present mvennon. For
o By example, organometa]hc type couphngs betwem anArlnBrdwative and g o
15 - phenylbommc amé as shown below can provxda Arl -phenyl dmvatwea.




A
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{

i Common of1 mto Wamreb amxde z followad by treatmant mth.____\ suitable Grignard
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R4 Compoundﬂ -
_ (Ketone}
methyl 3
ethyl 4
isopropy -
_ isobutyl 6
' o _ cyclopenty! 7
tetrahydropyranyl 8
3,3 3-trifluoropropyl] 9
4.4 4-trifiuorobutyl 10
cyclopropyl . 77.
n-butyl - 82
Table 1

Cyclopropyl-substituted ketone 77 may altemaﬁvely be obtained from N-benzyl
: morphohnone as outlined in Scheme 2.

lﬂ—*ff%—-*(f?\?——-—()’%

75 : 76 w
5 Scheme 2
Treatment of the N-b enzyl-morpholinoné witha sirong base such as lithium
diisop:opylamide followed by addition of cyclopropyl methylaldehyde gives 75.
Rednction of 75 with, for example, bbrane-’I‘H.F cbr_nblex gives 76. Addition_of a solution
of 76 to a pre-mixed solution of dimethylsulfoxide and oxalyl chloride provides 77.
Reaction of ketones listed in Table 1 with.a suitably substituted benzyl Grignard reagent .
gives N-benzyl substituted tertiary alcohols listed in Table 2 (wherein R2, RS and R6 are
H unless otherwise indicated) as duﬂined in Scheme 3. | |

EJ’& — [

N-benzyl subsftitted terfiary alcohals

15 Scheme 3
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{ _
Debenb.ylatmn and salt formation as detailed in Schene 4 leads to the temary alcohol
salts hsted in Table 2 (wherein R2, RS and R are H unless otherwise mdzcated)

RS ———= .0 : — A :
L -_.[;m"“m"-"m'__'“

Scheme 4
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" - -~ . | Compound# {Compound#] -
Example) R1 R2,R5,R8 | (N-Benzyl | (HCISalt)
: ' ' . |intermediate) |
1 methyl 2Ph Nk R D -
2 . ethyl 2-OMe,b-F 13 14
3 -othyt 2-QCFs 15 S 16 _
4 R0 2-Ph 17 - 18 |
5 . isopropyl - -~ .} 2-OMe, 5-F 19 20
- 8 - - isopropyi ~2-OMe 21 - 22
7 _ isopropyl 2.0t 23 24
;] - Isopropyl 20CF: - ) - 2B . 26
g isopropyl 2Ph L 27 28
10 '~ isoprepyl 2-Ph,6F | 20 - 30
11 - isobutyl 2-0Me,5F | ~ 31 . 32
12 Ispbutyi - 2-0Et 33 - 34
- 13 ~ isobutyl 2-0CF; 35 - 36
14 isobutyt 2-Ph _ 37 38
15 isooutyl . | 2Ph 5F | . 39 40
18 cyclopentyl - | 2-OMe, 5-F 41 - 42
17 cyclopentyl . |  2-0Ef 43 44
18 cyclopentyt - 2-QCF; | 45 - 46
19 " cyclopentyl 2-Ph 47 48
- 20 | cyclopentl | 2-Ph,5-F 49 80
21 trahydropyranyl | 2-OMe, 6-F 51 B 52 -
- 22 i tefrahydropyranyt || 2-OCFs 53 54
23 | tetrahydropyranyl 2-Ph’ - 55 56
24 - | tetrahydropyranyl | 2-{3-F-Ph) 57 . . B8
25  13,3,3rifluoropropyl} - 2-OMe, 5-F 59 80
- 26 - [3,33-trifluoropropyl] 2-0CF; . 61 82
27 |3,3,34riflucropropyl 2-Ph - 63 - 84
28 | 4 2A-trfluorobutyi | 2-OMe, 5-F 85 B
29 4.4 A-trifluorobutyl 2-Ph 67 . 68 .
30 - gyclopropyl - 2-0Me -89 {70
3 - cyclopropy! 2-OFt 71 72
. 32 cyclopropyl - 2-Ph 73 T4
35 n-buty] 2-OMe g3 B4
36| nbutyl 2-Ph 85 86
.37 . isobutyl 2-Cl, 8-F 87 . - 88
38 isobutyl 2Cl 89 50

. Table2
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The compounds of Examples 1 to 32 and 35 to 38 can be obtmned in enannomancally o
pure form via this route using chirally pure ester 1. Resolution of 1 into its enantiomers
can bt? achieved throngh chiral HPLC. Conversion of the ester to the Weinreb amide does
not disturb the chiral center thus providing chirally pure amxde 2. Conversion of the
Wem%eb amide to the ketone also does not disturb the chiral center thus p:owdmg chirally
pure Ketones 3 .to 10, 77 and 82 .' Alternatively, chiral separation may conducted on the
annde[ 2 thirough chiral HPLC to provide its enantiomers, Alternatively, chiral separation
may conducted on the ketones 3 to 10, 77 and 82 through chiral HPLC to provide their
' enantliomers Chiral separation of the ester, amide or ketones may also be achieved by
‘other fechniques known to those skilled in the art, such as fractional crystallization of

5 diasteﬂkomen_c salts formed with chiral acids. Addition of the benzyl Grignard reagent

{Schee 3) is 2 stereoselective process and gives predominantly one diastercomer with

- only s*nall amounts of the second diastereomer. No epimerisation is obsefved during

o removal of the benzyl group. Alternatively, )ensz_iomericalljpm products are obtained

15

20

' thrnug:h conversion to an N-protected analogne such as butyloxycarbonyt or
carbobenzyloxy followed by separation by chiral HPLC. Removal of the N-protecting
group #eads to enantiomerically highly enriched products.

i
l
In the Wpenmental procedures described below the following ab'brewatlons are used

I—IPLC = high performance liquid chromatography
THF = ten'ahydroﬁuan_ '

2-MeTHE = 2—methyltetfahydroﬁlran

DIB = diisobuty! aluminium hydride -

" DCM = dichloromethane

25

30

FIAY (gr FIA-MS) = fast—ionisation—analysis mass spectrometry
LCMS 1——" liquid chroﬁiatography 10aSS SPECtroscopy

NMR = nnclear magnetic resopance

MW = lfnczﬂlecular weight

MeOH = methanol _

BtOAc or AcOBt = ethy! acctate

|
PS-DIEA = polymer-supported diisopropylethylamine

!
|

i
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ERne 15 'I'he ana!yucal LCMS datarepom refars e!ther fO

oL teGnguard mgent (1 2_3 eqmone ortwo ahqunts) Thereactwnm:xtu:els

" ot - A rcrososnam 40

_-‘DEA=d:|ethylamme
‘Ree=retention time
g 'f";'_l-:'ff'-.-:‘icbz=carbobenzyloxy i
. hborhschoworhows
| 5 mmormms*mmuteormmmﬂs
e de = d:astereomenc excess
eq 01‘ eqmv ==eq1mm!mt

' ACN=scetonitrile -

"" "'3jf;_-'DMBA=N,N-dxmethyleﬂmnolamme o
":...;_:NHJBQ ‘=25 wt% BQneous amomonia : .. =

o i___;_f(:) 26 minuto run, peufo:med on a colamn 18 50x3 mm Spm) usmg a gmﬂlmt [90%
T O (+0.04% formic acxd) to 90% ACN (+ 0. 04% fozmm acxd)] over 4 minutes and then
_‘__-_-_fi-ﬂ--'_'_:_.'holdfoermutes o '. St ST e
o (al2mimterun, perfonned ona column (cw 100x3 mm Spm) using a gradient [90%
20 H,0(+0.04% formic acid yio to 90% ACN (+ 004 % fomnc ac:d)] over9nnmxtes and theri
| '.:'...._"-hold for3 minutes. | S :

o _. _' :__:._"_"?':-"__General Pmcedure I. Preparaﬁon of N—benzyl morpholine alkyl ketones
e -:-}_.i Ton  soltion of the carboxamide 2 in anhydrous THF at 0°C is added 2 solution of the

| | : alluwed to wa::m up to room temperature and leﬁ stxmng for 45 mmmas to 2 hours befare_
o "'-_qucmhmg elther w;th IM hydxochlonc ac;d or saﬁlrated ammomum chlonde soluuan and
- 30 extmctmg ezthar in DCM or ethyl acetate. ’I'he combmed orgamc }ayms are dned over .
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|
1l. 4

L

ketongs 3-10, 77 and 82.
'

GeneM Procedure 2: Preparation of N-benzyl tertiary a_lcohols_ i

- of the mulmte benzyl Gngna:d reagont (1 1-1.5 eq). The reaction mzxture 1s allowed to

.10

magn%smm sulphate, ﬁltered and concentrated in vacuo to gwe the correspondmg alkyl _

" Tos sbxunon of the ketones 3-10, 77 and 82 in anhydmus THF at 0 is addod a soiutlon o

‘warm {Jp o room temperamre and left stirring for 1-2 hours before quenchmg by addmon o

of cold water. After exh'acnon of the agueous layer in DCM, the combined organic Iayel-s S o
are wa{shed with brine, dried over magnesium sulphate, filtered and ooncentrated in vacuo R

- to gwei the utle N-benzyl terﬁary alcohols. Purification detalls are Ixstod for mdmdual

. oompo%mds

i

_ Generq! Pmcedure 3 Debenzylaﬂon oi' N-benzyl tertlary alcohols o

15

20

Toa sollutmn of the requisite N-benzyl tertiary alcohol in ashydrons DCM is added sohd B
) support‘,ed Hﬁmg s base (Argonaut, 3.56 mmol/g, 2-4 eq) and a-chlomothyl _
. chloro f{rrmate (3 to 10 eq) at room temperature undermu'ogen. The reaction mixture is .

heated to 40°C and the reaction is monitored by FIA* and LCMS analysis. After

' comple*xon the reaction mixture is ﬁltered, and the resin washed with DCM. The _
'oombmed orgamc phases are concentrated in vacuo. Methanol is added and the solutxon
- heated ti:; 60°C for 1. 5 to 8 hours. After complete consumpuon of starting matonal the
o metham}l solution is evaporated to gwe a product, whmh is ﬁuthor punﬁed as detaxlod for' :

o | 'mdmdr.*al compounds

25

30

%

Genem)iProcedure 4 Converswn of amines into hydrochloride salts
Toa sol{mon of the requisite amine in dry dxethyl ether (5-10 mL) i is added hydmchlonc

or ﬁ'eezei-dned (aoetomt:ﬂe!water " [v!v]) to give the hydrochlonde salts in near

- quanhtatwe yield,

!
|
.
P

 acid {12 eq, 1M solution in diethyl eﬂler) Ether is blown off with a stream of mtrogen or
' romoved; in vacuo and the samples were either dried under Ingh vacunm for seveml hours R
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GeneraZProcedureS l’reparation of Grignard reagents and ‘benzyl Grignarﬂ AR |

Such reagents Were prepared i:'rom the roqms;te hahda o1 banzyl hahde usmg methods

 kniown to those skilled in the art (ses for example Fieser, L.F. and Fieser, M.F. “Reag.ts _' T

" for Organic Synthesis”, John Wiley and Sons Tnc,, Vol. 1, pp. 415-424 or March, 3.
y “Advanced Orgamc Chmsw John ‘Wﬂoy and Sons Inc‘, 3"’ Ed., pp. 558-561) 'I'he B
L qummte hzhdes or benzyi hahd&a wea'e e1ther oommercmlly avadahle or prepared usmg ' _' = R
. ) :prevlously pubhshed hteratme meﬁlods '

et et i K |

A one-hn‘ereaotormth mochanmal st:mng, ooolodby an 1oebath, :s oharged w:th

25

Webenzylethaolarmine (1722 ; 1 equiv. available from Aldrich Chemical Company). 2=~~~
: Chloroacrylomtrﬂe (100 gl eqmv avaﬂable from. Aldnch Chemlcal Company) 15 added . T o
o -’dzopmseoverzmmutas The temperature s maintained between 23 °C and 29 °C by IR

- o . means ofthe ice bath a.nd subsequenﬂy awaterbath at1s °C Aﬂ:er onemghi st!mng at j'_ R
S B room temporaturo (water bath), themlxture is dzssoivod in tetrahydroﬁlran and uansfe:red |

g0 S
- tetrahydroﬁn‘an :s 1 35 L. Potassmm tert—butoxlde (148 g L1 equw)ls addadbyportlons RN _: '
e overl hour,keepmgﬂaereacnontempemmreat(}ﬂ °C. Aﬁer 1 hompost-stlmngato s

| -oC, themlxmre 18 quenoh&d w:th saturatod NaHCO; (500 mL) The aqueous layerts
. extracted with diethyl other (500 mL), Organic layers are ried over MgSO;and - ©
evaporated to dryness. The title compound (149.8 g, 65%) 1s obtamed aﬁer percolanon of : BRERE

toa2l reactor wh:oh is cooled to -5°C by mefNaCl bath. ‘The total volumo of -

_the 250 g dry residue on 1 kg of S0, e!utmg with the foﬁowmg gradxent
| | 5% AcOEt-95% mheptase ~ - 25L . C
10% Ao_OBt 9(_}% n—heptane. o 2 L o
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L 15% ACOBt~85% wheptane 2L
| 20% AcOBt ~80% s-heptane 5L

Altengxahvely, this mtermed:ate may be prepared as follows: -

A 16q0 L glass-hned reactor under Ny is successively ioaded with Z-chloroacrylomuﬂe |

(33.2 kg, 379 moles) and toluene (114 1) 2t 21°C. Then, N-benzylethanolmmne (57 kg,

377 ngoies) is'added and the reaction mixture is post-agitated at room tempemture for

about 7. Then, the mixture is dilited with toluene (336 L), cooled down to about — 12
- °C and potassium t-butoxide (42.3 kg, 377 moles) is added in pomons (10) maintaining |
| abouti{ 13 °C < Tamass < about 2 °C. The mixture is post-agitated at about 0°C for 25

h, theﬁ quenched by adding water (142 5 L) mamta:mng aboutz °C<Tmass s about 8 -

3 ',--mmnta.}mng’rmasssﬁoﬁ’Cmordertodlsnﬂ 162kgoftoluene Theﬁlt:atesarethen

15

25

. diluted!with toluene (114 L) and treated with §i0, (Merck silica gel 60 0.063-0.1 mm,
74.1 kgS under agitation at room temperature for 125 h. Si0, is filtered and rinsed wﬂh :
_ 'tolu_ene; (2x114 L). Then, the filirates are concentrated um;er reduced pressure (150 -
* mbars) Imaintaining Tmass < 60 °C in order to distll 351.8 kg of toluene.

&Bm:zi!l-mmpﬁokne-z-carboxyﬁc acid !tydmchloride (91)
S o
v . |
o @*m
.

- | _ _A 500 n*l. reactor under Nz is successxvely Ioaded with toluene (36 72 mL) and 2—
SL20

o ethanola:mme (1836 g 121.14 mmol) is added over 5 min and the reactmn mixture is
' post-agx&ated at room temparamre for 16h. Then, the mixtare is dzlu!ed with toluene

chlomac%rylomtrﬂe 10.7 g, 122.23 mmol) atmom temperature. Than, N-berizyl B o

(110.16 pL), cooled to — 5°C and 2M potassmm rm—butomde solutmn in THF (121 14
mmol} xai slowly added over 30 min, maintaining the tempemtm'e at—5°C to 0°C. The
Tnixture is post~ag1tated at about ~5°C to 0°C for 1h, then quenched by adding water (45.9

~mL). ‘I‘hb aqueous layer is separated and the tolue.ne layer is washed with water (45 9

{.
o

| '.-°C The 2queous layer is separated after 35 mmutes of post-stxmng allowmg the m:xnn'e -
| to reacp 15 °C and the toluene layer is washed with water (1 42.5 L) and the aqueous Iayer' -
s sepas?ated ’I'he organic layer is then concentrated under reduced pressure (150 mbaxs)
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~49-

mL} and then the mixture is allowed to warm to room temperature. The organic layer is
then concentrated under reduced pressure at 40°C. Then, the mixture is diluted with

_ tolnene (100 mL) and extracted with 6N HClaq (162 mL). This aqueous layer is heated up

to the reflux for 1h30, then the mixture is allowed to stir at room temperature overnight.
After crystallization of 91, the solid is filtered, rinsed with 6N HClaq (40 mL) and dried
under reduce pressure at 40°C {19 g, yield =61%).
N-berzyl-2-(morpholin-4-carbonyl)-morpholine hydrochloride (' 92)

Eo
N
HG

A 250 mL reactor under N; is successively loaded with 91 (5 g, 19.41 mmol),
dichioroethane (50 mL), DMF (0.014 mL, 1% mol) and oxalyl chloride '( 1.86 mL, 21.35
mmol). The mixture is heated up to 60-65°C for 2h, before being cooled to 0°C. Then,

: mdrphoﬁné {6.93 .g,' ?_9.60 mmol) in dichldroethane (20 mL) is added over 15 min

keeping the temperature below 10°C. The heterogeneous solution is post-agitated for

1h30min at room temperature and gqnenched with water (30 mL). The biphasic mixture is -

filtered on a Hyﬂo Super Cel® (10 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 L, 19.41 mimol), stirred for 10min and concentrated under reduce
pressure, The mixture is taken up with isopropanol (13 mL), heated to reflux untila
homogeneous solution is formed, then it is cooled to room temperature. The precipitateis

filtered, rinsed with xsoprcpanol (10 mL) and dried under vacuum at 40°C overnight to
obtain 92 as an off-white powder with 79 % overall yield. '

4-Beml-mo:pholitte—2-mrboxyﬁc acid ethyl ester (1} -
E'DJ’TL ™
v

A stirred solution of 4-benzyl-morpholine-2-carbonitrile (113.0 g, 0.56 mol) in ethanol
(1030 mL) is treated with concentrated sulphuric acid (165 mL}) added in portions. -
(exothermic, internal temperature rises from ambient to 65 °C). The mixture is then

0
A



 wozlsmazz PCT/US2004/032771

5.

o s
| N

wamied under reflux for 66hrs The solution i is cooled and then concenu-ated in vacuo to S

' half\qolmne, bastfied thh aqueons potassxum carbonate (beware ﬁ'othmg) and the

proddct extracted mto dlethyl ether, The orgamc phase is dried over magnemmn sulphate :

ﬁltere{d and evaporated fo dryn&cs in vacuo to yield an oil. This matanal i evacuated
fither vnder high vacoum. Yield = 121 Sg (87%) B
Alten:\amrely, compound 1 may be symhaslsed as follows o

AIOO{LreactoraﬁachedtoascrubberﬂlledmthINNaOH(GOL)mchargedunder - C

o nitrogtm atmosphere with 4-benzyl-morpholine-2-carbonitrile (1867 g, 923 mol) and
 ethand] (20 1). At Tmass = 15-20°C, concenirated sulfuric acid (2.76 L, 50 wo) is added.
10 |
P | days lI'hen, 10 Lofsolventlsd:sulledoﬁ'tmdervacunmandthe reacuonmlxhnels o

to the !golutxon over 20 mm (l'ughly exothermic).  The solut;on is heated to reﬂux for 25

) coo]ed\‘to Tmass = 20-25°C Wa.ter (40 L) is added over 25 mm followed by Na;CO;

- solution (1/2 saturated, 18 L) and NaHCO; (1/2 saturated, 7 L) to reach a pH < 7. Ethyi
: acetateus added (15L) andthephases are mixed for 15 min. “The organic phase is- o

separalpd and the aqueous phase is extracted with ethyl acetate (2x10 L). The combmed o

- orgamd layers are evaporated fo dryness lmdervacuumto give 1 as ayellovw to brown 011 I
_' (1992% 87%) o o o

- J-Ba:q’!-mamlzaM&zwbmlic acid ahyl ester (I b)

T e

_ Compmﬁnd 1 may be separatad mto xts enantmmers by chiral I:IPLC under the follomng
L conditmhs DaJ.c:eI Cmralpak OF 20m; 25cm; 100 % EtOH + 0.3 % DMEA; 04 mumm, :

o detacho? ‘at 26{) nm. The desxred enantmmer 1bis ihe peak elutmg at R-r = 20 25 min.

' ‘%Ben@fwmmpkohne-z-cm'baxylw acid meﬂzoxy—ma‘hyl-amx’de (2)

S

1
l
!
$
[
1
1
1
l
!
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To a stirred suspension of NN-dimethylhydroxylamine (6.6 g, 67.6 mmol) in anhydrous =

DCM (200 mL) under nitrogen at 0°C is added dropwise a solution of
trimethylaluminium (2M solution i hexane, 34 m1., 67.6 mmol) over 30 mmutes 'Iha

reacuonmlxmlsanowedtowarmuptomomtempm and left stiring for 1 hour. A

10

15

20

25.

solution of the ester 1 (6.74 g, 27 mmol) in anhydrous DCM (100 mL) is then added
dropwise over 30 minutes and the reaction mixture is left snumg overnight before

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

solution. The precipitate is removed by filiration through a celite pad and the residue .
washed with chloroform. The organic phase is then concemrated in vacuo and 'Washed o
with water. The équeous layer is re-extracted with chloroform and the organic phases are
combined, washed with brine, dried over magaesium sulphate and the solvent evaporated
in vacuo to give 2 as a yellow oil. Altemnatively, the reaction cﬁuld bé.wdrked up as |
follows: upon addition of a solution of the ester 1 (1 eq) the réaction mixvme is lef

- stirring for 1 hour before quenching by addition of phosphate buffer (dxsodmm hydro gan '

phosphate, pH 8} solution, followed by addmon of water. Thie aqueous layeris re~
extracted with DCM and the organic phases are combmed, dried over magu&eunn
sulphate and the DCM evaporated iz vacuo to give 2 as a yellow oil (3 36 g 47 %) MW
264.33; C14HyNz03; "H NMR (CDCh): 7.47-7.22 (5H, m), 4.55 (1H, d, 1.5 Hz), 4.00
(1, dd, 11.5 Hz, 1.7 Hz), 3.75 (1H, dt, 11.5 Hz, 2.2 Hz), 3.65 (3H, 5), 3.56 (2H, m), 3.17
(3H, s), 2.93 (1H, d, 11.3 Hz), 2.68 (1H, d, 11.3 Hz), 230(2H, 11.3 Hz); LCMS: (6mm
method) mfz 265 [M+H]", Rt 0.65 min.

J-Benarl-mmpk o!ine-z-carbaxyhc acid meflmxy—meth yl-anide (.2!:)

tjiz:
Nog

- . Compound 2 may be separﬁted into its enantiomers by chiral HPLC under the following

conditions: Daicel Chiralpak O 20pm; 25cm; n-heptane/isopropanol 80:20 v:v; 0.4
mL/min; detection at 220 nm. The desired enantiomer 2b is the peak eluting at (RT =

?7?7? min). Alternatively, compound 2b may be synthesized substantially as described

above for compound 2 using compound 1b in place of compound 1.
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R s 265 "131'cuﬂmBrF 'ENMR (CDCl): 7.48-7.38 (SH. m), '7-26-7 19 (m, m), 708 (m, et

. __ td, 83 Hz 2.8 Hz) 4.39 (211, $); "F NMR (C:DCI;)_ |
i :':'(S-F'Iu#m-z?-methm-pbemd)-methmol -

. T qa.salutwn ofz-methoxy-s-ﬂuorobenzaldehyde (11 0933, 1 eq,a:leablefmmAldnch S
o lOChamzqal Company)mmethanolat -10°C undermtmgen atmosphere:sa.dded NaBI-L; ._; T

B (2 515427 eqmv)porhonvnse Thesohmomanowedtowmtomomtempm

A w:th d1 hlummethane. Thm soltmon 1s poured ofito ice water and ﬁzrther extchdthh T

= ' and aftér 30 mmutes the teaction sulvent 1s mnovad nnde.r reduced pressme and mplaced SRR,

:'dlchlor<$methane The orgamc ﬁact:ons are collectad and dned (MBSOO and the solvent . R

s removell under reduced pressure to give the file compourid as an oil (9.794g, B7%). MW et

© 5 15616;iCsHsFOz; 'H NMR (CDCls) 2.58 (. 1H), 3:81 G5, 3H), 4.63 (d, 2H, 6.3 Hz)
T _._6}78 (64, IH, 8.9 Hz and 43 HZ), 6. 94(td, IH, 85 Hz_and 3 1 Hz), 7. 04 (dd, 11-1, 8.7 Hz 3 i

:.ff 5 gﬂlwr &MWMZY’M

i
i- ;
.

o Neat (SAFluom-z-methoxy—phenyI)-mathanol (19 587g, 1 eqmv ) is added to neat SOC!z '

@22 mL, 4,6 equiv.) at ~78°C under & nitrogen atmosphere sud the solution is then
o -__.-'.'allowed to warmn to room tmnperatm and stm‘ed until evolutmn of gas coases. An

o ﬁlmvalaht volume of anhyﬂrous tolume is added to the ﬂask and the soluhon heated to . RO



B __'-j;'; : 60"C On coolmg, the reactmn sokmon 15 poured onto me water The tolue.ne layer 1s o
: :' sepa:a:ted and dned MgSOd aud the solvem removad under reduced pressm The cmde 3 N
B matenal 1s subl:med (69-80°C10.05 mBan-) to g;ve the uﬂe compound asa whlte sohd e
RO '}(13 40 & 61%} MW 174 50~ csH.,cnro " NMR (CDC13) 3.87 (s, 3H), 4. 60 (s, 2}1),
5679720 (m, 3H). T T S
o _."i___-__-__.z-mezrwxy-&ﬂuommw mgnesmm bmmide

L Masmlmn uumngs (21 6 % 0 ass mole, 2¢ 4. ) and dIethYl ether (300 mL) are loaded in S
" __"_:a reactor uuder Nz A solut:on of 5- ﬁuoro-z-meﬂmx}'bﬁnzyl ch]onde ( 1 15 8: 0 554 mol, S
© 10 15 eq) in diethyl ether (200 mL)is loaded in an addition fummel. Todine erystals anda

S "sman_amolmt of the 5.ﬂuom.2-methoxybenzyl ghlonde soiutwn are added andfhe
S :reéctlon m:xtme is sm:red ﬁo mmate the reactmn. 'I'hermmmdm- of the 5-ﬂuoro~2 IS
i i _i'.:.f___methox ybenzyl ch1°ﬂd3 soltmon is then added dmp-mse ma;mtammg the tmnpernme of.'_:_-_ S
.. .. 'fthe renct:on mxxture belcw 28 °C The m is sﬁrfed fgr another 5 mmmes at 19 OC_-:.-;. e
15" aad after completion o theaddition & white suspension s formed:
e 1-[4~(Phemmeﬂzyt)mp:wﬁa-z-yt]afmz-m (3) T

Compomd 3is obtamed ﬁ-om 2 (o 730 B2 28 nmm) and commercxauy' avax!ahle
-_;:_-‘(Ammh) mefhyl magnesium romide (1M solution in THF, 3 mL, 3 mmol, 1.1 eq) oo
2 anhydrous’I‘HF (25 mL) followmg Genem! Procedwe 1 aﬁ:er pmﬁcatmn by automated o . o f
"+ column chromatography (eluent BOA/-heptane 14/86-100/0 [v/v)) (0.3 & 49%) MW R

P 235 3 C14H21N03 LCMS (6 minnte me:hoa) mfz 201 [M"H]* R-.-1 Ssmin,




C rpeChemimetymorphotin 2 ipropanLone ()

?

srapdin d4xsobtmnedfmm2(070g,265nnnol)audcomemaﬂyavm1able

-"; - '(Amneh) othyl magnesium bromide (2.65mL, 7.94 nmol, 3 eq) i in anhydmusfl‘HF (25 (EET
mL) fot.lowmg Genera! Pmaedw'e S as a yellaw oil (583 mg, 39%)_ MW 249 36

_'j_.:'_-.'CtsHBNOz LCMS (6 minute method) 1m/z 234.4 [M+H]" RT L 78 mm.
i -f::Z-Met&[vl-l-(Wkenybueﬂxy!)mawhokud-yl]pmpm-l-oue (5)

s
i

?,md 5 18 obtamed from 2 (3 018 B 11 4 mmol) and cumerclaﬂy avaﬂable

(Aldnch) xsopropyl magnesmm chlonde (ZM so!utmn in TBF l? 1 mL, 34, 3 mmol, 3 eq)' '-_'";':"" o

L in THFi(IOO mL), follomng General Procedure I as a yel]ow oil @ 68 g, 89% 3

 26338C\dNOs; LOMS (6 mimte motbod): mfz 2452 [mnr, R4t min. T
SO ‘MWI”I'[4'071"@”@3’@0"!0?}!&0&”-2-?”5%-}«0”&'(6) L e

l

15

“-Cmpﬂmd 6is pwpmd ﬁom 2 (10 %37 mmol) in anhydrous tetrahydroﬁlrm (so mL) o

S and cm#memally ava:lable (Ajdnch) mobmyl magnasmm bromxde (ZM solutzon in

20

" diethyl ether, 56 mmol, 28 mL, 1.5 eq) following General Procedure 1. After sumng for
. lhow t&w reactlon is quenched by addition of aqueous hydmchlonc acid (150 mL). THF R
S s mved in vacuo and diethyl ether is added aﬂe.rpH adfustment by additiomofa .
'saturated sodxum blcal’oonate sohltmn The orgamc phases are oombmed, dned over A
e 3 magnasxum sulphate and the solveut is wmoved in vacuo 6 1s molated in 80% punty (8 7 = .- .
T g, 67 %;with respest fo pure pmduct) MW 261 37 CmHuNOz, ucms (6 min med:md) S
o -f"mfz 262!.2 [M+H]" R‘l‘ 2753 win. EERTI




 Coclopentl-phemtmetiypmorpholin-2limetianone ()

Compmmd'f lsprepared from 2 (3.36 8127 mmol) manhydxous tetrahydmftm (120 R
. mL) and connnetcxally avmlahle (Aldnch) cyclopmtyl magneszum brarmde (ZM solut:on ; -
© 5 indiethyl ether, 19.1 mL, 38.2 mmo, 3 eq) followig General Procedure Lin
| quaniitative yield as yellow oil. MW 273.38; C17H23N02, Lmas (6 it method) m/z 274. RS
o DMeERe224min RN e e i

e | [ 4_(”' mymemygmpp}wﬁn.}m(mhydm-m?yrm-#yl)metluumne (8)

Compounds mobtamedﬁromz (z 34g, 10 74 mol)manhydrous tetmhydmﬁn'an (30

SRR . mL) md#teuahydmpyranyl magnesmm chlonde (Chem Ber 98, 1965 3757) (ZM
s e solutmn in tetrahydmfuran, 6.5 mL, 13 mmo], 1.2 eq) folldwmg G’eneral Procedure 1
o After 30 mmutes further 4~tetrahydmpyrany1 magnesnnn chlonde is added {ZM solutmn

-f-f-'mdxethyl ether, 6.5 L, 13 mmol, 1 eq.). ‘Afier siring for 2 hours the reaction mixtures -

B 15 quenched by addmon of annnomum chioride solutzon (30 mL) and ethyl acetate @0 mL) TR o

o The aqneous Iayer is re-extracted mth ethylacetate (30 mL) and the orgamc phasee are

. _'combmed, dried overmagnes:mn sulphateandthesolvents areremovedm vacuo. 'I‘he e IR

o | resultmg res:tdue is punﬁed byi ion exchange chromatog-aphy to give 8 as a yellow 011
L (2 %8 g, 96 %) MW 289. 38 c,-,,Hz,No;, LCMS (6 min method) m/2 290 [M+H] RT

“-:-AltematwelycompoundBmaybepreparedasfollows
__'aN" 92 . L

| o 92 (97 g)is suspended in toluene {485 mL) under menhmncal shmng and sodmm

,s

carbona:te @. 63 N, 97 mL, 12 5‘!“1")19 added. Then,thennxtnre is dﬁmedmth water SR

(194 mL) and stured for 45 mms at mom temperature 'I'hen, the bxphasxc mxxmre 13

B : T ﬁltered on Hyﬂo Super Cel® and transfe:red toa separatory ftmnel 'ﬂ:e aqueous layer is
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_dlscm'ied and the orgamc layer (594 3g)is concenuated und&t reduced pressure at 40°C .
- {o améss of 348 g. Toluene is added (1 SO mL) and the org&m:c 1ayer is concentmted o _
- under @he same condmons to a mass of 347 g, The free base of compound 92 asa toluene- o
_ soiutm}a isthen dlluted with anhydrons THF (300 g and the solutmn is ready to beadded -
5 totheGngnardteagent | S - : '
b) Fon{uanon of the Gngnard reagent | , - : : .
An inefted 3L 3—necked flask is charged with THF (50 mL) and magnesmm turmngs (9
g 0370mol, 1.25 equiv.), Themzxmzsheatedtoi‘mass - 60°C andwdme(t) 150 g)
.and thomtetrahydmpyran (1 mL) are added. Initiation is observed within 5 mmutes
10 Then,tpennxtmelsheatedto’l‘mass 63-68°Candaddmenofrexnammg4- R
' chlorotbtrahydropyran (39.19 mL diluted with 188 mL of TI:IF) is performed over . hom-
_ _keepmé T mass constant at about 68°C. Aﬂer 40 minutes of post-agxtahon, the reaction
‘mixturé is allowed to coo} to room temperature. ' - '
" &) Grighard reaction | o
15 'I'he tolhene/THP sohition of neutrahzed 92 is added to the Gngnard reagent at 20-25°C
| N over 45 min, The mxxm:re is post-agitated at room tempemtm'e for 1h, 'I'hen, the reacnon
. Imxtun} is quenched by addition at 0-5°C 1:0 an acetic acid/H,0 mlxmre (44.3 mL acetic’
- acid and 245 mL H;0). The aqueous layer is separated and discarded and the organic -
~ layeris, washed with HzO (60 mL). The aqueous layer is separated and dlscarded and the
20 . 'orgamcl layer is washed with 2N NeOH (100 mL). The aqueous Iayer 18 separated and -
- dzscardlad and the organic layer is concentrated under reduced pressure at 40°C 10230 g. |
The residue is taken up with IPA (1 L) and concenira:tad as descnbed ahove to yxeid 230 g
" of 8 as the free base. -

| mkérybnakyymmphom-z-yz}(mahydm-m-pym-«:-yz)meaxanane (35)

o '
l _ __
I dio
25 | _ _
An mer&ed 6L reactor is charged with THF (242.5 mL), magnesmm (54 47 g, 2240mmol)
and 5% iof the total amount of Lchlomten‘ahydropyran (12.28 m1L, 112 mmal) Then, a

small amount of methyl mdlde {0.5 mL) and one iodine cxystai is added. The reactmn

o
L
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mixture is stirred and beated up fo 64-66°C. After initiation, the remaining 4-
chlorotetralrydropyran (233.22 mL, 2127 mmo) dituted in THF (890 mL) is slowly added

* over 135 mins. The mixture is heated up for 30 additional minutes before being cooled to
0°C. Then, the Weinreb amide 2b (370 g, 1400 mmol) diluted in THF (2777 mL) is added

over 180 mins between 0-4°C and the mixture is stirred for a further 60mms ‘Then, acetic
acid (48 mL, 0.83 mmol) is added to the mixture followed by 2 55/45: va:-sa.tmated

- NH,CVH;O mlxture (2590 mL) keeping the temperawré.below 9°C. The organic layer is
. washed with a 60/40: v/v: satorated NH4CVH,0 mixture (500 mL) and, after separation,

toluene (1800 mL) and water (1800 mL) is added to the organic solution. Then after
extraction, water (1100 mL}) is added to the toluene mixture which is basified with 3.68 M

- Na;COsaq (148 mL). The organic layer is dried over MgS0,, ﬁltered and concentrated -
" under reduced pressure fo dryness to yield compound 8h as the fiee base (400 8 g, 98.6%

 yield).

it

Alternatively compound 8b may be prepared as follows:

: R—(-)-Mandehc acid (1.65. & 10.8 mmol) is added to a solution of 8 (3 15 g, 10.3mmol) in
- lsopropanol (20 mL). After 2 min of post-agitation, an homogenous solution is obtained

' at yoom temperature. Crystallization begins after 5 min of post-agltatlon to form an easily

20

25

 stirable suspension. This suspension is post-stirred for 21 hours at room temperature. The
* solid is filtered and washed with isopropanal (2 maL). The white crystals are dried under
vacuum at 40°C over 5 hours to give 1.8g of $b R-mandelate with 37.5% vield and 99.2%
2. 0.5N of KCO; (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
free base 8b is entirely present in the organic layer, which is separated, concentrated on a

- rotovap and dried under vacuum at 40°C affording Sh as an oil with 98% yield.
- 5,5,5-T nﬂuaro-I-[d-(phenyImetlsyl)morplwkn-.Z—yl}bufan-I-one (9) |

O*u

Compound 9 is obtained from 2 (1.38 g, 5.23 mmol) and 3,3,3_-triﬂuoropropyl magnesium

. bromide (20.9 mL, 10.50 mmol, 2 eq) in dry THF (45 L) following General procedure
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1.3 S,iTnﬂuoropmpyl magu&smm bromide is obtamed ﬁ'om commemally avmlable

_(AldncL:) 3,3,3-mﬂuoropropyl bromide followmg Gem'al Procedure 5. Punﬁcatzon by

ion excbmge chromatography gives 9 as an oil (1. 24g, 78, 7%) MW 301 31

. stl-I;gFaNOz, LCMS (6 winute method) mfz 302. 4 [M+H] R-r 2 66m1n.

1 |
R _General Pracaiure 5. After 30 mjnutes another 0.3 eq of 44 4-mﬂuombutyl magiesmm

3, s,s-ﬁlnﬂaam-z-pt-@henyzmw:yymo;pkoﬁu-z-yqpemn-z-one (10)

-_ E...TLV.“'" f.

A
o
R
-'-'i
-+

o -CBmpode 10 is prepared ffom a solution of 2 (0.717 g, 2.71 mamal) in anhydrous
o tetmbyt*roﬁn'an (20 mL) and 4,4,4-trifluorobuty] magnesium bromide (o 5M solution in'
_d;ethyl pther, 6.5 mL, 3.25 mmo], 1 .2eq). 4, 4 4-Tnﬂuombutyl magnemum brom:de is

obtamaF from commarc:ally avmlable (Aldrich) 4 A 4-trifluorobutyl bromide following

bromzd@ are added (0.5M solutien in dlethyl ether, 2.5 mi). ARter stirring for 2 houss the

. solvent# are removed in vacuo and water (20 mal) and ethyl asetate (30 ml) are added to

. 15.

.20

~the remdue The organic phase 1s washed with bnne, dried over magnwmm sulphate and
~the solvgnt i removed in vacuo to give 10 as clear oil (0.985 g) 10 is taken onto the next
* step without further purification. MW 315.34; CieblzNOZFs; LCMS: (ﬁmmmethod) wiz |
316 [M+H] Rr2.9min.

' .-'4-Ben;ybumpkawz-3-me .

i

~ ‘water (6*1.) is added and the resultant clondy solution extracted with cthyl acetate, The-

combmed orgamc laycrs are washed with bnne, dried over magnesmm sulphate and

. -evaporaﬂed in vacuo to gwe a hght brown 011 (441 g, 84%), w}uch is used in the next

!
z

4

A solutibn of N-benzyl-N-(2-hydroxyethyl) chioroacetamide (627.7 g, 276 mol in tert-
- butanol l(0 9 L)"is stirred tmder nitrogen while wanning to 25-30°C. Potassium tert- -
,butox:dé (2.897 L of a 1M sofution in tert-butagol, 2. 90 mol, 1.05 eq)is added over2
hours. The reaction mixture is then stirred at oom temperature for S0 mmutes. Ice-cold .



_
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stage without furtber purification; MW 191.23; G H;3NOz; "H NMR (Cljclz). 7.29~7 a0
(SH, m), 4.67 (2H, 5), 4.28 (2H, 5), 3.87 (23, 1, S Hz), 3.31 (2H, 1, 5 Hz), LCMS: (12 min -
method) m/z 192 [M+H]" Ry 1.00 min. '

4-Benzyl-2-(cyclopropyl-hydroxy-methyl)-morpholin-3-one (75)
) -
O
e

O
To a solution of 4-benzyl-morpholin-3-one (9.5 g, 50 mmol) in THF (200 mL) is Added
Jithium diisopropylamide (ZM solution in THE, 27 mL, 54 mmol, 1.1 eq ) dropwise over
20 minutes at -78°C followed by slow addition of cyclopropyl methylaldehyde (3.85mL, -

55 mmol, 1.1 eq). After stirring at -78°C for one hour the reaction mixture is allowed to
warm to room temperature and stirred for another 6 hours. The reaction is queuched by

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

arganic layers are dried over magméium sulphate and reduced in vacuo. Purification

 using automated columa chromatography (DCM/MeOH, 100/0 to 85/15 [viv]) gives'75 in

70% purity with 4-benzyl-morpholin-3 —one as the major impurity. This product is directly
used in the next step. MW 261.32; C;5H;oNO;; LCMS (6 min method) m/z 261,32
[M+HT', Rr2.23

. (4-Benzyl-morpko!in-z-y!)-qvclopmpyl-meﬂzamcl (76)

OB
XD_

Borane-THF complex (1M solution in THF, 30 mL, 30 mmol, 4.1 eq) is added slowly toa
solution of 75 (1.9 g, 7.3 mznol) in THF (100 mL). The reaction is heated to 60°C. After -
24 ﬁours MeOH and hydrochloric acid (2M, excess) are added and the resulting mixture
heated for one hour at the same temperature. After careful addition of sanuatéd NaI-ICO;
solution and EtOAc the aqueous layer is extracted with BtOAc. The combined organic
layers are washed with brine, dried ovéx_- magnesium sulphate and the solvent is removed

in vacuo. Purification by ion exchange chromatography gives 76 (1.1 g, 61%). MW
247.34; Cy5H;NOz; LCMS (6 min method) m/z 248 [M+H]", Ry 2.48 min.



o ; B T
S Cj’d’f ropyl[4-(phenylmethy)morpholin-2-yllmethanione (77) -

i '_;_f_'._f-Asohiuon ofdnnethylsulphox;de (o 69m1.,97mmol, 2.29q}111DCM(45mL)1s el

| o slowqu added to a solimon of oxalyl chlnndz (2 43 mL, 4 85, mmol, 1. 1 eq) in DCM (2 5 _'_\

5 ol) fdllowed by a sollmon of 76 (1 09 g, 4 41 mmcl) m DCM (0 ‘? mL) under mtrogen at'i\ L L

g -'-__-60°c1Aﬁersmnngfor 15mmuﬁes,methylamme(3 14m1.,221mmo1,seq)mm SRR

. end stiring continues for 15 mmutes Aﬁer aﬂdmon ofwaiet fhe layers are separated.

| e ‘I'heaxlueous layenswashedmthDCM Thecombmed orgamc layersarewashedw;{h

_ ;bnne, dried overmagneslmn sulphats and the salvent is removed m vacuo Pmtﬁcauon S

10 using futomsted enlwmn chromatography (BOAG hexane, 2080 0 ~50/50 [ gives. - L
R '_ ey __: :77 as 4 yellow 011 (0 69 g, 64%) MW 245.32 C;5H19NO;, LCMS (6 mm method) m/z :

e 144-3w-mmpnozm-z-ﬂ)-pmm-z-me (33) ; *.". -j |

b gt e o b

DR 15 i c:ompqund sz is prepared ﬁnm z (o 87 g, 3.28 mmol) in anilydmus teh-ahydroﬁm (30

oy o 20 :-'chlonde solut:on (30 mL) fo}lowed by BtOAc The orgamc phases are combmed, dﬂ@d

S o ml) ajd commercxally avmlable (Aldnch) n-butyl maml&&mn brcmlde oM sohmon in - - .} R
S T, 4 mmol, 2.5 ml, 1.5 eq) following General Procedure 1. Aftor stirting for 1howr -

: ﬁn'therln-butyl magnesmm bronnde (2M solution in THF 1.6 mmol, 0.8 mL) is added S
T and stqnng continued for 30 minntes, The reaction is quenohed by addition of ammonium '.;’_- R

S over mPgnesmm sulphate andthe solvant is removed in vacuo to gwe 82 (0 82 & 96%)
MW 2&1.37 C;stgNOg, LCMS (6 mmute mathod) m/z 262 4 [M-!—H]* R-; 2 34 mm

|
1
!



j | gyd_mgxgnde (121

e Compound 11 is prepared from 2—pheny1benzy1 magnemmn broxmde (0.25M so}utmn in’ S
d;ethylethﬁs 5. SmL 1 38 mmol) and 3 (275mg, 1 ZSmmol)manhydmlxs'IHF(?mL) ST

. following General Procedure 2. 2-Phenylbenzyl magnesium bromide is obtained fom < -
ST commerc:ally avaﬂable (Aldnch) 2-phenylbenzy1 brom;de follomng Geueral Procedﬁre :. ; ' |
SR [ R |

5. Fm‘ther eqmvalents of 2-phenylbenzy1 magnesmm bmtmde (10 mL, 2, 5 mmol) am

i o added before qnmchmg the reacnon w1th ice water (7 mL). 11 is obtamed as an ol m

15

ER '75% plm’ty after i mn exchange G g colmnn) chmmatographyand automated columu AR
= -.'__'cbmmatography (EtOAan-heptane 01'100 to 50/50 [va]) and taken onto the next step e

without further purification (0.23 g isolated material). MW 387.53; cz&thoz, LCMS (5 e

'fi.mmu:emethod) /2 3882 [M+H]', Re3.37 min. SR
o HLL Bipheny!_}-z-yl-z-mop}wkn-z-ylpmpan-z-ol hydmchtoﬁds (12)

ﬂ_cm

Sk 12is obtamed from 11 (204 m, 0. 53 mmol), ““"hlmyl chlorofonnate (0'23 mL.

a0

“Hz), 3.56-3.65 (1H, m), 3.20-3.25 (1H, ), 3.08 (2H, 1, 12.5 Hz), 2.82-2.99 (4H, m), 0, 60' L
- (3H s],LCMS(IZ mmute method) mr’z 298.2 {M—HCHH] R-r4 38mm o

Coan mumol) and polymer—-supported Hilnig’s base (296 mg, 1.05 mmol) in DCM (5 mL) e
. followmg General Procedure 3 Ptmﬁcatmn usmg on exchange chromatography, s
S followed by pteparauve LCMS and conversaon mto the hydrochlonde salt foﬂowmg
- General Procedure 4 gwes 12 as a foam (102 mg, 65%). MW 297 36 CmHzaNOz.HCI

1H NMR (CD;0D} 8 7. 15—7.39 (SH, m), 7 07-7. 11 (IH, m) 3 97 (IH dd, 3.0 Hz, 13. 0
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. 1'[5’1‘7“0"0-2-(:::etkylaxy)p};enyz_}-z-[mheuylmefhyl)mo:phalm-z.yz]bm.g.o; as) SRR

B
{
I
ST
R R
|
i

0d 13 is obtamed from 4 (sss mg, 2.5 mmol) and Z-meﬂioxy—s-ﬂuombenzyl

R Generdl Procedure 2. Further equivalents of 2-methoxy-5-fluorobenzyl magriesium

R '-bmmde (ZM solution in diethy! ether, 10 mL 5.0 mmol) are added efter 30 min and the L

mmﬁndmwarmedtomomtempemandleﬁto shrovermght. Aﬁarpunﬁcanonby

o _. compoﬁnﬂ is taken over 10. thanext step w1thout ﬁ:rﬂxerpunﬁcatmn. MW 373 47
g Cnﬂné‘Nos, LCMS (6 xmnute method) mlz 3’!4 2 [M+H] R—; 3 17 mm. -

B '1—[5~H omz{mahylaw)pMﬂ}sZ-mmphoIin-z-ylbmm-z-ol hydmchloride (14)

R " 14 is ohtamed fmm 13 (717 mg, 1. 92 mmol), a——chloroeﬂ:yl chlorofonnaie (0 83 mL,

s 84 ol, 4 eq} and pqumer-supported Hinig’s base (1.08 £.3.84 mmol, Zaq) inDCM R _-
L army following General Procedure 3. Purification by ion exchange chromatogmphy TR
o followe*i by preparanve LCMS and convemon into the hydrochlonde salt foﬂomng R
 General Procedure 4 gives 14 as z solid (185 me, 30%). MW 319.81; CisHnFNO;3 m SN
'H NMR (CD;0D) & 6.94 (1H, &, 1.5Hz, 9 Hz), 6.81-6.84 (2H, 1), 4.07 (15, dd, 3.5, 13
. Hz2),3.60-3.76 (4H, m), 3.56 (1H, dd, 25Hz, 11Hz), 3.33 (18, m), 3.14-3.25 (IH, m), S
3003 08 (2, m), 284 (28, , 14 Hz), 1 37-151 (16, m), 1.05-1.19 (11, ), 0.82 (3H, 1, SR

»

15 Hz),t LOMS (12 minate method) i 284.1 m-ncmn R1-3 Tmin.

gregium broride (5.5 mL, 2.75 mmol, 1. leq)manhydrous'I‘HF(ISmL)followmg o

1on exe e chromaiography 13i is obtamed asa yeilow ozl in 67% pnnty (702 mg) The'.l’- Sl
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Example 3: Preparation of Lmogphohn-z-vl-l-{Z-Ifmﬂuoromethvﬂogﬂ
henyl}butan-2.ol hydrochlori

2-{4-(1"!:e_nylmethyl)mmphalin-z-y{(-]-{z-[mﬂuarometlzybaty}phenyl}bum-z-of (15)

Compound 15 is obteined from 4 (1.1 g, 4.71 mmol) and commercially available

. (Fluorochem) 2-trifluoromethoxy benzy! magnesium bromide (10.4 mL

1, 5.19 mmol, 1.1eq) in anhydrous _THF (31 mL) following Gereral Proc:edure 2 After30 |

minutes further equivalents of 2-trifluoromethoxy benzyl magnesium bromide are added |

(0.5M solution in ciiethyl'ether 4.71 mL, 2.36 mmol). Purification by ion exchange
chromatography gives 15 as an oil (1.88 g, 98%). MW 409 45; CyoH6F3NOs, LCMS 6
minute method): m/z 410.4 [M+H]", Rr3.28 min.

_ 2-Marplmlin-Z-yl-la{z-[(m:ﬂuaro_meﬂzyl)m‘.y]phenyf}butan-z-ol hydroc!zlqn‘de (16}

F@F

oF

|16 is obtained from 15 (1.88 g, 4.59 mmo), a~chloroethy! chloroformate (1.98 mL

L, 18.4 mmol) and polymer-supported Hiinig’s base (2.58 g, 9.18 mmo]) in DCM (40

- mL) following General Procedure 3. Purification using ion exchange chromatography

followed by automated column chromatography ( eluent, MeOH/DCM 0/100 to 20/80
[v/v]) aud conversion to the hydrochloride salt following General Procedure 4 gives 16

(258.5 mg, 17%) as a white solid. MW 319.33; C; sHoFsNO;HCT; 'H NMR (CD30D) - 5 | ' -

7.53 (1H, dd, 2 Hz, 7.5 Hz), 7.27-7.38 (3H, m), 4.20 (1H, dd, 3.5 Hz, 13 Hz), 3.85 (1H,
td, 3 Hz, 13 Hz), 3.70 (1H, dd, 2 Hz, 11 Hz), 3.44 (1H, 4, 13 Hz), 3.27-3.34 (1H, m),
3.12-3.22 (2H, m), 3.07 (1Y, d, 14 Hz), 2.96 (1H, 4, 14 Hz), 1.55 (1H, sextet, 7.5 Hz),
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]
|
1

g Bt

L 126(1h sextet,?SHz),OQS(SI—I,t,?SHz)LCMS(IZnnnuIemethod) mfz3204[M--_-_'
"_._.HC1+H] R3-277mm. - - 2 )

' xdroehlorige §1§!

11,1 ’wgphenyt]-z-yz-z-[upkenyxmahyz)mmhozm-z ytbutau-z-ot rm

{
|
l
{

- @mpo{md 17is 0bmu:ed fmm 3 (601 mg, 2 58 mmol) and 2~phenylbenzy1 magnesmm =

10 -

. bronndé (0.25M solution i in dnethyl ether, 11.5 mL 2.84 mmol) in anhydrous THF (15
-mi) fol}owmg Gerzeral Procedure 2. Z-Phenylbenzyi magnesium bromlde is prepared
- from coi:nmamally avadable (Aldrich) 2-phenylbenzyl bromlde followmg General

. Procedure 5. Further eqmvalﬁmts of z-phenylbenzyl magnesmm bmmlde (10 32 mL,

15

) 2. 58 quol) are addad Purification by mn exchange chromatography followed by .
automated column chromahography (aluent, EtOAdn-heptane o/ 100 to 50150 [w’v) gwes . )
17 (705, lmg, 63%) as a colourless oil in 91% purity which is directly used in the next step.

MW 401 .55; CoHuNOy, LCMS (6 minute method): miz 402.2 [M+H]* Ry3.56 min

e 1-[1,1 Btpfzeuyl}-z-yt-z-mamhotimz-ylbm-z—al ﬁydmch!omfe (18)

- -18 is obtamed from 1’7 (705 mg, 1.76 mmo}), awhloroethyl chlomfonnate (o 7% mL, S

20

7.02 mn:Lol) and polymer-supported Hiinig’s base (988 g, 3.52 mmol) in DCM (15 mL)

 foll ig General Procedure 3. Purification byion exchzmge chromatogtaphy folltJWed |

25

by autmpated column chromatography {eluent, MeOH/DCM 5/95 to 20/80 [vlv]) and”

_convembn into the hydrochloride salt follomg General Procedure 4 gives 18 (0. 378
62%) as ;a yellow foam. MW 347.82; CzoHpsNO, HCY; "H NMR (CD;0D) 8 7.43-7.46
(1H, m),7.29-7.34 (35, m), 7.14-7.25 (SH, m), 7.06-7.11 (1K, m), 3.94 (1H, dd, 3.5 Hz,

|
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13Hz),355—364(1H m),33‘7(1H dd,15Hz,11Hz),309(2H,d,125Hz),280-299' o

(48, m), 1.11-1.23 (1H, m), 091 (1H, m), 0.38 (3H, 1, 7.5 Hz) LCMS (12 mmute e

method): mfz 312.1 [M-HCI+H]+ , Rr4. 67 mm.

2y mum-z-ol hgdrochlogde Qo P PO T
C 1-[5-me-2-(memyzoxy)pkmyzj-s-mahyz-z-{4-(phenyzmeﬂzyammpkoﬁn-z-yybum-_-
.-2-01(19) 3 - .

magnesxmnbmmde(ﬁZmL,?: 11 mmol,l qu)manhydrous’l'HF(ISmL
D following General Procedure 2. Further equivalents ofz-methoxy-s-ﬂuoro-benzyl
" magpesium bromido (8.49 mL, 4.25 mmol) are added and mixtue is warmed toroom

15

20

temperature and left stxmng ovem;ght. Punﬁcatwn usmg automated column

'cmomatogmphy (clnent, n—heptaneJEtOAc 100/0 o 75/25 [viv)) gives 19 (0. 53 g, 43%)
- MW 387 5; CgHgoFN()g LCMS (6 minute method): m/z 388.2 [M-I-H] R-; 3.21 mm -

'Compomd 19is obtamed from 5 (o 78, 2 83 mmal) and Z-methoxy-s-ﬂuoro-benzyl o

'1-[5-ﬂuom-z-(mahyzaxyptmyy-a-mahyt-z-mmphauu-z-ywm-z- hydrachloride -

ﬁ

20 is obtamed from 19.(523 mg, 1 35 mmol), a—chloroethyl chlomformate (0 58 mL,

5. 40 mmol, 4 eq) and PS—DIEA (©. 76 8, 2.70 mmol, 2 eq) in DCM (10 mL) followmg

- General Procedure 4. Punﬁcatmn by ion exchange chromatogmphy and conversion to

“the hydmchlonde salt followmg General Pracedure 4 glvm 20 as an uﬁ‘-whxte sohd R



woaseem . . veTiusenansai

o (ozsg,'sS%) MW . as clsﬂszo, HCI, ‘I—INMR (CD30D) 57. 10 (m, d, 9 5 Hz), S
6. 94 (2H, d, 6 Hz), 4. 07 (m, dd, 35Hz 13 Hz), 3, 71-3 88 (51-1, m);’ 3,21-3 47 (M, m), : .
| 299310 (L m), 18 (LR sptes, 7 ), 104 GEL 4,7 i), 0.94 GH. d, .0 Ho)s LCMS

-1(12muiuvemethod) w2298 m-ncmn R-r4.29mm. E S

10 j Ccmpoimd 21 is obtamed from 5 (1 5 g, 6 06 mmol) ami 2—-meﬂmy benzyl magnesmm j_' . ;
Lo _bromldé (available from Ricke-Metals) (0.25M solution in THF, 33.9 1L, 849 mmol) m
s anhydn:tus THF (30 mL) following General Procedure 1. Purification by colwmn - e

Sy -.chromafography (eluent, EtOAcm-heptmm 0/100 to 40/60 [v/v]) gwes 21 as oolomless oﬂ P

o _'_-(1 45 &;84%) MW 369, 51 CstzslNOs.I-ICl, LCMS (6 mumte method) m/z 3702. [M- b
15 HCMHINRI2TTmim v
o '__.:-3-Mefh1:l-1—[2-mwudoxy)phmﬂ-z-mawﬂm}ylbm-w kydmcbtorfde (22) St

TR '-’-:_.22 is ob '_ ed from 21 (1 24 g, 3 37 mmol), a—chloroethyi chlomfonnate' (3 53 mL, 33 7 g : '_,_ _'_-;._
e ':?j-mml) alml polymar-suppomd Hiimg s base (4.72 £,16.8 mmol) in DCM(45 mL) SR
o 20 :'_f011°W1118 General Procedm'e.? Pmﬁcahon using. 1011 exchange chmmamgraphy E S
e _:;'_followeﬂ bychn'al preparauve I-IPLC {n-Heptane EtGH DEA 85115:02 gmdlent, R
. - chu-ajcel~0D) g:ves two enannomarsﬂle fixst eh:tmg enanuomer (R-r 9. 5 mm), and the._; e
5 ‘;sacond cflutmg enantiomer (R:r 11.41 min). The two enantmmers are converted to theu- L
o rospectlva hydmchlonde salts 22a (146 mg) and 22b (133 mg) and obtamed as whne R
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solids (28% overall combined yield). MW 315.84; C,¢H;sNO; HCI; 'H NMR (CD,0D) 5

7.22-7.34 (2H, m), 6.85-6.95 (2H, m), 4.08 (1H, dd, 3.6 Hz, 12.8 Hz), 3.86-3.9 (4H, m),

3.77 (1H, td, 2.45 Hz, 124 Hz), 3.22-3.28 (1H, m), 3.24 (1H, &, 12.8 Hz), 2.95-3.11 (4, |

m), 1.83 (1H, septet, 6.8 Hz), 1.16 (3H, d, 7.0 Hz), 0.95 (3H, 4, 7 0 Hz.), LCMS (12
mipute method): m!z 280 2 [M-HC1+H] R-r4 05 mip.

Example 7: Preparation of 1-[2-ethylo henvl]-3-meth 'l-z-mor _ho ~2-yibuian-

2-ol hydrochiloride 24) | |
1-[2-Ethyloxy)phenyl]-3-methyl-2-[4-phenylmethy)morpholin-2-ylbutan-2-ol (23)

4
o

Compound 23 is obtained from 5 (1.5 g, 6.06 mmol) and 2-etho§:ybenzylmagnesimn :

 chloride (available from Rieke-Metals) (0.25M sofution in THF, 34 mL, 8.49 mmol) in

anhydrous THF (30 mL) following General Procedure 2. After repeated purification by

" automated column chmm'atbgmphy (1eluent MeOH/ DCM 0/100 to 10/90 [v/v] followed
15

PCT/US2004/032771 %

-

by EtOAC/DCM (/100 to 50/50 [v/v]) 23 is obtained as colourless oil (0.8 g, 35%). MW =

' 383.54, CpeHNOy; LOMS (6 minute method): m/z 384.4 [M+H]"' Ry 3.04 min.

1 -{2-Ethyla.xy)plxenyy-3-methyl-z-momhokn—z-ylbutanaz-ol Izydroch[onde (24)

v

- 24 is obtained from 23 (766 mg, 2.0 mmol), a-chloroethyl chlomfonnéte. (0.86 mL, 8.0

mamol) and polymer-supported Hiinig’s base (1.12 g, 4.0 mmol) in DCM (30 ml)
following General Procedure 3. Purification using ion exchange chromatography
followed by automated column chromatography (eluent, MeOH/ DCM 0/100 to 20/80
fv/v]) and chiral preparative chromatography (n-HeptaneEtOH:DEA 95:5:0.2 gradient,
chiracel AD) gives the first eluting enantiomer (Ry 13Q40 Toin) and the second eluting
enantiomer (Rt 15.63 min). After conversion to their respective hydrochloride salts, 24a



85 mg$ and 24b (79 mg) are obtamed a8 brown solids (28% combmed y:eld) MW
203, 36*0;7H;7N03.HC! ‘HNI\&R(CD;OD)S?OG—?OQ(IILm),ﬁ95-‘? 01 (IH,m),
6.66-6.75 (2H, m), 3.80-3.92 (3H, m), 3.46-3.63 (28, m), 2.96-3.15 (25, m), 2.66-2.86 . . -
I '(4H,m}154-163(m.m),1.22(311,1,7om;,osz@&@voﬁz),o7i(3H,d,7o
5 Hz) LEMS(IZnnnutemefhod) m/z 2942 }M—HCI-!-H] R-;460mm. R

o -  3-Mazz§z-2-[4-(p:mybnwcypmwpkanu-z-y;]-z-f?-[(mmmmyz)mj
10 --,-.'pmy:}pmz-azrzs) - ST

Y R

g Compo#nd 253 1s obtamed t‘tom 5 (953 mg, 3 85 mmoi) anﬂ commmmﬂy avaﬂable L
o f'.f"‘“',(Fiuoroéhem) 2-trifluoromethoxy benzyl magnesium bromids (8.48 mL, 4.4 mmol, 1.1 e
e eq)in ﬁ‘.l‘hydmus THF (25 mL) follawmg General Procedure 3 and addmon of ﬁlrther 2-.: S 0
L 15 mﬁumdmethoxybenzyl magumumbmnnde (3.85 mL., i 93 mmol) Punﬁcatmnby ion 3
. exchange chromatography gives 25 as a yellow ol in 86% purity which is usedmthe R
. -?*--;_nextste#w;mout farther purification (1.53 g of isolated material). MW 423.38; S
S CotlaFaNOs, LCMS (Gmmutcmethod) mlz4241 [M-i-H]* R13.53mm R e

e s ke S—Mﬁft -2-malpkolifz-2-ﬂ~1ﬁ-[(mﬂuarometkyl)oxy]bumn-z—o{ kﬂmcklonde (26) : : _ ﬁ:._'

il
.t
I

L 268is obt;amed from zs (1 53 5 3, 61 mmol), o.-chlomethyx chlomfonnate (1.55 mL, 145 i_'--_ s T
 mmol, 4jquiv) and polymer-supported Hinig's base (203 g, 723 mmol, 2e)nDCM.
c 30 mL)tfolIowmg Gensral Procedure 3. Punﬁcanon by ion exchange cb:omatography,

b
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followed by automated eolumn chromatography eluent, MeOHfDCM 0/100 to 20!80 R
[vA¥) and conversion to its hydrochloride salt followmg General Procedure 4 gives 26 as -
a yellow solid (0.4 g, 29%). MW 379. 82; C1gHuF3NO; HCL; 'HNMR (CDsOD) 87.46 -
(18, dd, 1.5 Hz, 7.5 H2), 7.14-7.24 (3H, m), 3.94 (1H, dd, 3. 5 ¥z, 13 Hz), 3.80 (15, dd,

5 2.5Hz 11.5Hz) 3.6 (1H, 14, 2.5 Hz, 13 Hz), 3.27 (15, 4, 13 Hz), 3.13 (15, ¢, 12. st)
2.72-3.02 (4H, m), 1.70 (1K, sepiet, 7Hz), 0.94 (38, d,mz),084(3ﬁ,d,7 OI-Iz)
LCMS (12 minute method) m/z 3344 [1\/I-I'ICI+I-1'}+ R'r2.94 min. .

" Examp) 9- P araﬁon of 1-{1 1’-bi hen 1.2 I-B—meth 1-2- o holin.2- lbu z;
- 10 olh droehlonde 2, ' '
' I-{I, -B{Dhenyq-z-yl-s-methyl-i.’-ﬁ-(pbeuybneﬂzy{)mmplmlm-z-ylbzaan-z-al (27)

 Compound 27 is obtained from 5 (0.7 g, _2.83‘_ oo and 2-pheny1benzy1_magn@im' N
bromide (12.5 mL, 3.11 mmol) in anhydrous THF (15 mL) following General Procedure
15 2 and further oquivalents of 2-phenylbeszyl magnesium bromide reagent (113 L, 566
N mmof). 2-Phenylbenzyl magnesium bromlde is prepared from eommemiaﬂy available
 {Aldrich) 2-phenylbenzyl bromide follovm:g General Procedure 5. Purification usmg jon
_ exchange chmmamgraphy, followed by automated eolumn chromatography (eluent, |
" EtOAc/n-hoptane 0/100 to 20/80 [v/v]) gives 27 as oil (0.46 g, 40%). MW 41558,
- ® |20 CHiNOy; LOMS (6 mimite method): m/z 4162 [M¥H]', Rr 345min.
R 1-{1,1 szmyq-z-yz-s-mahﬂ-.z-mrpho:m-z-yzbmn-z-ot hydmclzlonde (zs)

| W o | L
285 obtained from 27 (405 mg, 0.976 mmol), or~chloroethyl chloroformate (0.42 mL,
3.9 mmol) and polymer-supported Hiinig’s base (0.55 g, 1.95 mmol) in DCM (7 mL)
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'-__followihg Geuera: Procedure 3 The crude prodnct is p\mﬁed usmg mn exchange
chrom#ogmphy, and then converted toits hydrochlonde salt follomng Gmeral
"procea&are 410 give 28 as o White s0lid (023 g, 71%). MW 361.9%; CnHz-:NOz.HCI ‘H
- NMR (pp,on} 57.61-7.64 (1H, m), 7.19-7.47 (8H, m), 3.95 (1K, 8, 4 Bz, 13 Hz),

© 361371 (2H, m), 3.04- 3.19 (48, m), 2.96 (1, td, 4 Hz, 126 H2), 2.70 (U5, dd, 13,
SR 11 sné).l 67 (18, septet,?Hz),O?S (3H,d,7Hz),063 (31»1:,&,7}1:;),1.01\45(12
v mmutehxethod) mfz 325.2 [M-HC1+H} Rfs 02mm. o

| | 1-(4-Flhoro[1, :-bﬁ:henyb‘~2-yﬂ-3~meﬂ:yl—2—[4—@heuyhneﬂg:l)morphoﬁn-z-ytburan-z-
ulhydrqckloride(i’?) - | SRR

magnes:.‘um bromxde (o SM in TI-IF 10 5 mL, 5 03 mmol) in anhydrous THF (30 mL)
o fonowxdg General Procedure 2 (fusther 2-phenyl-5-fltorobetizyl magassium bromide -
(033 eq) 3 L, 1,51 munot) is added after 30 min). 2:Phenyl-5-fluorobenzyl mag:mm
o . bronnde‘m obtamed ﬁ'om 2-pheny1~5~ﬂuombenzyl bromxde foﬁomng Geneml Procedww R
5 Pmiﬁpatwn byi xon exchauga chromatography followed by automated colunm s
- chromat+g:aphy (eluent, EtOAc/n-heptane 0/100 to 2080 [v/v}) gives 20 as a yollow o:l
coim 86% punty whlch is &mcﬂyused in the naxt step (1 58 g recovm'ed matanal) MW

. 415, 58 cstnNoz,LCMS(smmutemethod) mfz4345lM"'H1 RT’* 7“”‘“

l
=
s
{
!
f
|




" 15 Exar

| 1(4-Fiuote[1,I"biphenyl}-3-yly-3-methyl-2-morpholin-2ylbutan-2-of hpdrochloride .

30 is obtamad ﬁ'om29 (1 58 g, 3 63 mmol), u—chlmethyl chloroformate (1 57 mL, 3 63

mmol) and polymer supported Hﬁmg 5 base (2 04 g, 7.26 mmol) m DCM (30 mL)
. following General Procedure 3. The crude product is purified using ion exchangs. -
L chtomatography, antomated colum chromatograpby (eluent, MeOH/ DCM 07100 o
1 20/80 [viv]), and preparatwe LCMS Conversion to the hydzochlonde silt followmg CRee T
" General Procedure 4 gives 30 s ayellow solid (0.3 g, 22%). MW 37. o1 R
 CoHsFNO, HCE 'H NMR (cnson) 57.20-7.35 (6H, m), 7.07-7.14 (1H, mj, 6. 9% (IH,
4, 2.5 B, 8.5 Hz), 3.83 (1H, 4, br, 10 Hz), 3.56 (28, 1, sz), 3.03-3.12 (28, m), 2, 79-
208 (38, m), 2 63 (15, 1, 11.5 82), 155 (15, qumtet, 7 Hz), 0.64 (H,4,7 Hz) 051
--(31{, d, 7Hz), LCMS (12 minate method) miz 3441 [M-HCI-H—I]"’ RTS 14 rin.

hah 2-vk-ne) tan-z hydr de32

__ _1-15-m0ra~z-(me:hyzmgyghauyw-nmmwz-ﬂ-mynnmyomapmz-
- '-’,_lyi]penm-z-oz(az) TR |

Compound 31 is obtamed fmm 6 (465 mg, 1 78 mmo}) and 2-methoxy-5~ﬂuorobmzy1 A
' magnesion bromide (3,92 L, 1.96 mnol, 1.1 equiv.) in dry THF (10 mL) following & - e
o General Pracedm-e 2. Punﬁeahon byi ion exchange chromatography fouowed by e s
o o mmmated column chromatogmphy (eluent, EtOAcIn—heptane 011 00 10 40/50 [vlv]) gwes . '_fl. o
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b

o

l

o 31 asa!noﬂ(448mg,83%punty) MW401 53 CqungNO_a,,LCl\dS(G mmute method);
-_'-"'--_mfzmzm-x-nr,msmm R T o

;,ydmfdmfde (32) " ke -

?
i
1

R 32 18 o!hnmed ﬁ'am 31 (448 mg, 1 12 mmol), u.—chlomethyl cblorofoMe (0 48 m

| : . .:I,,447[mm01,4eq)andpolymer-supponedﬂthng sbase(6283,223mm01,2eq)1n
Sy : DCM(IO mi) followmg Geueml Pmcedure&' Punﬁcatmn hymn exchange DU

e -anz@LNOs HCI; 'H NMR (CD:0D) 8 7.05-7.08 (1H, m), 6.95-6.98 (2, m), 4.16 (1}1:,'-.:-: B

hroms graphy foﬂowed by preparauve LCMS and convemon tc ite hyd:cchlonda salt '_;_" B ey
_,foﬂcmixg Genera: Pracedw‘e 4 gives 32asa wlute sohd (o 11 g. 32%) MW 347 72 )

5 2 4438512 5 Fiz), 3.75- 3.86 (4H, m), 3.67 (1H, 4,105 Hz), 3.51 (15, ¢, 12 Hz), 3.25- o ‘
329 (u%,m), 3, 07-320 (ZH,m]. 2.94 (2H,, 14 Hz), 1.86-1.9 (1H, m), 1.53 (1H, dd. 55 o

S Compmn;nd.?.'hsobtamedﬁomﬁ(B Og,nsmmol)andz-ethoxybenzylmgnwum

. Hz143H2), 113 (I, &4, 145 Hz, 5.5 Ha), 094 (G, 4,25 Hz), 092 (3H, d, 25 Hz) - e

-:LCMS {12 sinte method) miz 312 1 [M-HCl+H] R-r 461 nin.

- "chlonde (avaﬂable from Rxeke Metals) (0. 25M in dzethyl ether, 50. 5 mL, }2.6 mmo}) m '_: S

ST anhydro{:sTHF (55 mL) fotlowing General Pracedurez Amﬁ:ertwo equwalems of2-:
Lo ...'_'"ethoxyb{’ﬂzylm&gnwumchlonde(%mL PR ST
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123 mmol) are added afier 30 min. Purification by automated co!umn chromatography

(eluent, BtOAcfn—heptane 100 to 25/75 [v/v]) gives 33 (3.21 g) asa colourless oitin 86% ._ o
purity as a mixture of diastereomers. MW 397.56; Cst35N03 LCMS (6 mmute meﬂmd)': SRR

m/z 398.3 [M+H] » Rt3. 42 & 3 60 min.
12-(Etlzy!oxy)gh etzyl]-4-metlzyl-Mmphokn—Z—ykwutanJ-ol (34)

_34 is ohtamed ftom 33 (3 20 mg, 8. 06 mmol),\a-—chioroethyl chlcmformate (3 A48 mL,

by automated colunm chromatography (eluent, MeOH/ DCM 5095 to 40/60 [v!v]),

E preparatwe LCMS gives 34. Chn‘al preparauve chromatography (n-heptane BtOH: DEA' |

 32.2 mmol) and polymer-supported Rimig’s base (4.53 g 16.1 mmol) in DCM (IOOmL} o
' following General Procedure 3. Purification by ion exchange chromatography followed " o

60 40 :0.2 gradient, chiralcel-OD) afforded the ﬁrst elutmg enant:omer 34a (13 mg) (R-r o
8.25 min), and the second eluting enantiomer 34b (Ry 10.17 min) as colomlws oxls MW

:'(ZH,m),B 90(1H dd,3Hz 11 Hz),3.53 (1H,td,3Hz,11Hz),337 (18, 44, 2 Hz, 10

'152(1H,dd,55Hz,l4Hz),144(31—I,t,7Hz),1 ll(lH,dd,GHz, 14 Hz), 0.93 (3H, d,

7 Hz), 0. 90 (m, 4,7 Hz) LCMS (12 rainute metbod) /2 308.2 [M-HC1+I-1] Rr4.92

© 307:44; CigHyNOy, ‘HNMR(CDCI;;)S?I&-? 22(2H,m),684—693 (2H,m),397-4 17_"
15 |
“Hz), 3.18 (11, d, 12 Hz), 3.04 (1H, d, 14 Hz), 2.74-2.91 (4H, m), 1.89 (1H, septet, 6 Hz),



- *Meﬂ'i!’l-%fmﬁmﬂmeﬂwf)mW?W"z“ﬂl~l-2[try?uomma‘hy0mlpmﬂ} Peman L s N
-z-a(s.}, S | Lo

I
o
t
b

*mdssmprepamdﬁom 6(0 833, 3 19mmol)andcommam1ally avaﬂahle

Eht (Fluoro éhem) 2_[ ﬂ ‘ romethox:rbenzyl magnegmm bmm],de (0 SM solut:on mTHF

,3:51 mmol, 11 eq) in anhydrons THF (21 mL) fonowmg General Pracedure 2 '2 .

| 'thm quvalents (319 L, 1.60 mumol) of 2-rifluoromethoxy benzyl magnesium

bmmq are added after 30 min. Purification by fon exchange chromatography gives 35 as

L yellow ol (139 99.5%). MW 437.51; 5 CuhRoNOs LCMS (s mime mebod) e
?_:."_':‘-';_;4381[*&}1] RTS'IOmm. D L
4-Mezhﬁ-z-marphoau-z-y:-lﬂftriﬂuamethyawipkmyz)mn-z-at hydrach!onde '3_1-_-___5- L

SR .;':36 is obimned from 35 (1 39 3 3 18 mmol), a—chloroethyl chloroformate (1.37mL. 12 7 - E
O amel, 41eq). and polymer-supported Hilnig's base (1.79 g, 6.36 mmol, 2eq) in DCM (25 S

i .ﬁ. | mL) follbmng Gmaral Pracedw'e 3. Pmﬁcatwn byi 1011 exchange chromatograp hy
| followod byprepamative LCMS and conversion into the hydrochloride salt fllowing

. General\Procedure 4 gives 36 (o 168 14%) as foam. MW 383.82; cnnupmo,,m:l IH )

__;_NMR (dDzOD) 7. 43 (II'L 4, 7 Hz), ‘7 16-7.27 (3}1. m). 4. 05 (11-5{, dd, 3 Hz, 13 Hz), o '_.:.:_-:-_...T._;:_ |
._ _-.3 53.3 74 (ZH, m), 3.35-3.40 (IH, m), 3,23- 3 14 (IH, m), 2 97-3 10 (31-1, m), 276 (m, d’ R
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14 Hz), 1.75 (1H, sepet, 6.5 Hz), 1.42 (1H, dd, 6 Hz, 14.5 H), 098-1.11 (15, m) 083
(H, 4, 6 2),0.81 (3H, ¢, 6 Ho); LCMS (12 mimute method) w348 4[M-HCI+H] :

.R—:BlSmm. -

- xlgent_ag—%ol hxdrochloﬁde (38)

H@Bml—mmhoﬁn-&yb-] -bgp!:enyl-B—meetkyl-pentm—Z—ol (37)

Ll com’pomd' 37 is prepared from 6 (2.5 g, 9.56 mmol) and 2-phenylbenzyl magriesium
10

bro:mds (0.25M sol., 42.1 mL, 10.5 mmol, 1. 1 eq) in anhydmus THF(ZI mL) followxng .

" General Procedure 2 2-Phenylbenzyl magnesium bromide is prepared from

L mmemmlly available (Aldrich) 2-phenbeenzyl bromide fonowmg General Procedz«rre

5 Another 3 equxvalems of 2-phenylb enzyl magnesium brmmde are added to dnve the

- react:on to completwn Punﬁcat:on by automated column chromatography eluent, |
) EtOAcIn—heptane 0/100 to 25/75 [va], ) gwas 37 (2.07g, 50%), which is used in. the next
" step wnhout forther pmﬁcanon. MW 429.61; CysH;sNO;; FIA*: m/z 430 [M+H]

I-[I,I Btpkeny!}-?—yl—a!-meﬂzyl-.?-mmphabn-.?-yl pentaﬂ-z-of 38

-

SN | -Compound 38 is obtamed from 37 (2 07 g 4,81 mmo]) a-chlomeﬁ1y1 chloroformate =
20

(2.08 mL, 19.3 mmol) and polymar—supported Hitmg s base @7g 9.6 mmoi) in DCM

{60 mL) fonowmg Geuera! Procedure 3. Punﬁcatxon by ion exchange chromatography, |

25 |

o crystalhzanon ﬁ'om MeOI-I/methyl ether glves 38 as a white solid (738 mg, 45%) MW '
| 339.48; CaHpoNOy; "HNMR (CDCls) & 7.29-7.46 (8, m), 7.23-7.28 (1H, m), 3.79-3.51.
(28, m), 3.66 (1, dd, 10.9 Hz, 1.7 Hz), 3.18 (28, dd, 12.8 Hz, 258 1z), 2.84-3 04(3H
‘m), 275 (IH, t, 11.5 Hz), 1.56-1.68 (1H, m), 1.22 (1H, dd, 5.65 Hz, 14. 7Hz), 0.98 (IH,
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SR

dd,SdSHz.M?Hz),OSl(3H,d,3.2Hz),078(3H.d,30Hz) LCMS(lmeute S
methmp mfz3403[M+H]*,R1562mm. Lo :

'_'Pkenﬂmeﬂlyt-z-ﬂ ,1 b{pfwnyl]-z-ylmetkyﬂ-f -hydroxy—.?—methyﬁagrt] morphohnM
- ;'mbm@hue(cbzas) S . -

&

|
1
i

_ “_Benzyllchloroformate (0 3? mL, 2 61 mrnoi) 15 added to a snmngmzxm cfss (‘?38 mg,

R _. 217 minol) with NaH('.‘,03 (0.41g)ina suspensxon of d.tethylether and water (24 mLy. -
o fi_'-tmderNg at room temperature Aﬁer 1hour the react:on is. quenchedmth 1cewatar (15

o B mL)an.ddﬂutedvthCMThetwophasesaresepamted,theaqnenmphasexsﬁmher
g
- "f"”-'-:'_ﬁltered]and evaporatediuvacua Themolatedoﬂmpmﬁadusmgmmamdcolumn

DCM, the combmed orgamc i‘mcnons are dned over magnesmm sulphate,

graphy (eluent, EtOAan—heptane 0/100 to 30f70[v;v]) followed by chiral -

o prepm'qnve chromatography (Rieptans:EtOH:DEA 35:65:0.2 grad:ent, chiracel AD-H) to
o gwe thé first elulmg enannomer, ebz-38a CR-;- 2.61 mm), and the second elunng '

“15

i
' enanﬁo;ner cbz-38b {R-r 2 99 mm), both asa colourless oxl. MW 473 62 C30H35N04.

- LCMS (6 minute method): m/z 456.3 [M-ELO+H]" and 496.2 [M-i—Na] Ry534 min. o o

- '1-{1,1"g.;uhenyq-z-,Mma&ﬂ-zquarphom-z-ﬂpmm-z-oz hydmc!:laride (38a)

i
i

L _- Palladum on caﬂ}on (l 0% Welght) (0 4 g) is added to 2 stlnmg soluhon of cbz-38a (0 39

B | aﬂowedto cool to room temperature. and then filtered through a Cehte pad. The filtrate i is | R
C concent:mted in vacuo, plmﬁed byi jon exchange chromatogmphy and then convertad to _' -
- the hydtochlonde salt foliowmg Gerxeral Procedure 4 to glve 38a (0.25 g, 79%) asa’

. g, 0 34 h:mol) Wlﬂl ammomum foxmate (0 53 g, 8 A mmol) in ethancl (10 mL) at room -

ure under mtrogen 'I'he hetarogeneous mixiure is heated to reflux for 30 mmutes

A




L yellow sohd. Mw 375 94 szszNOz.HC}. ’H m (CDaOD) 8 7 48 (IH, bs), 71 1-7.33"'-- PR
| (8H,m), 3.87(1H, bs), 3.37-3.57 (2H, ), 3.25 (1K, ), 2.77-3.10 (SH m), 154 (1S,
. b), 1.07-1,19 (18, m), 0.93-1.00 (1H, m), 072 GH, 4, 6 Hz), 0 69 (3}1, d, 6 I:Iz) LCMS S
(12 mimute method) iz 3402 [M—Hm-:-m* R:-S.B{)nnn.' S R

al (39) -'-

R Compound 39 is prepared from 6(0 95 g, 3, 65 mmol) a:ud 2-pheny1.-s-ﬂuuro benzyl N
" megnesium bromide (0. SM solution in diethyl etbe, 1.2 eq) following General Pracedure
N _' z 2.Pheny1-5~ﬂuombenzyl magneswm bmmde is obtamed from 2 phenyl—S— _

.. fhorobenzyl bromide followinig General Procedure 5. Excsss 2-phenyl—5-ﬂunm benzyl

- 15 .; magnesmm bromlde is subsequﬂnﬂy added at room tamperamre and the reactmn left
: - stxr_nng for I hour Pmﬁcat:on by column chmm%graphy (eluem, EtOAcfcyclohexane
" L ff_'so;so [v/v]) gives 39 as a viscous 011 (1 31 % 30%) MW 447 60 CzQHuFNOz LCMS (6
I . i_'mmutemethod) m!z 448 [M+H] RTB 88 min. ST RSN R T

il 1;(4.mor011,1 ’-biplxeuyl]-%yﬂ-#-metky[~2~mamhatin«2-y{penm-2-ol :gmoc::tonde

_ . o -':_'40 xs prepared ﬁ'o:n 39 (1.31 g, 2 92 mmal), tx—chloroeﬂlyl chlorofonnate (0 9 mL) and B
= sohd mpponedmmg 5 base (1 64 g) in anhydrous DCM (30 mL) ibllowmg Generai | SR
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o Procedkre 3 Punﬁcanon by jon exchange ion axchange chromatography gwas the free

base offlﬁ as a viscous oil (0.71 g, 62%): After further purification using UV-gmded
. preparahve LCMS the hyd.rochlonde salt 40 (0 451 g, 39 %) is obt.amed foliowmg
o Genem} Pracedure 4 MW 393 95, szstFNO; HCI ‘HNMR(DMSM) 89 16 (IH,

'_ | X 9B/(1H, ), 744732 (4H, m), 7.23-7.06 (4H, m), 3.83 (m,dd, 12Hz,3 Hz), 3, 59- e
1350 (3#, m), 3. 1s(m,d, 125 Hz),s os (1HL 4, 12.5 Hz), 2.92-2.67 [¢2:4 m), 1.54-140 -

E (14, m), 1.03 (18, dd, 14.5 Hz, 5 Hz), 0.88 (16, dd, 14.5 Bz, 6.5 Hz), 0.74 (3H, 4, 6.5 5
. Hz), 0 47 (3}1, d, 6. 5 I-Iz), I.CMS (12 mimite method) m/z 353 [M-HCHH]* RTS 47 min. - L

3]f;'_‘-_[-f-_f_zwmyz-z-fsﬂuoro-zrmfyxw)pwz-z-zmhwkmw mrpmw-
?-:.-'_'_-y:femwt @y

-
i
l
|
i

15 Compoxmd atis obtamed fmm 7 (o 78,2.56 mmol) and 2-methoxy-5—ﬂucmbenzyl
| magnesitmi bromide (5.63 mL, 2.82 mmol 1:1eq) in unhydrousTHF as mI..) fonmg

L

: - General ercedure 2. Furth&r eqmvalmts ofz-methoxy-s-ﬂuorobenzyl magnesium S
. _Eif--_--bromxds?{a A491ml,4.25 mmoi) ace added. Pmﬁcatxon by ion exchange chromatog:aphy

;f_gwas 41 ias a yellow oﬂ (8 43 mg, 62% pm‘lty) M‘W 413 54 CstnFN(Jg, LGMS (6
;’__;;nnnuterﬁethod) m/z414.2 [M+H]+ R~;4 i1 min. Sl

o ?"-}rﬁ_zadanmvw-[sﬂuoro~2-(mefkyfexy)Pmﬂf'IW’P’"”‘“'z'-"""‘“"”’

!
}
i
{
!
t



- _._'The free base of 42 is obtamed fmm 41 . 84 8 2. 04 mmol), u—-chlorbethyl _
: ".-"_chloroformate (0. 88 mL, 8 16 mmo], 4 eq) and polymer-m@orted Hﬁmg 5 base (1 15 g,
4, O&mmol, 2eq) in DCM (15 mL) followmg Gerzeral Procedure 3 leﬁcaﬁon by mn
exchange chromaiography, follawad by aul:omaied chromatogmphy (DCMJMGOI-I 95/5 to It
80/20 [va]) and prepmtwe LCMS and convermon mto the hydmchlonde salt follomng : U

. f=____:jGeneralProcedure4 g;ves4235acnlourle53gmn(0 18 g, 14. 1%) MW359 82;"

 CuMFNOSHCY; 'HNMR (CD;0D) 8 7.11-7.14 (1H, m), 695697 (2H, m), 4. 074, 15 L

o " (H, m), 3.67-3.75 (2H, m); 3.43 (1, d, 12 Hz), 323 (M, 5), 322 (1H, &, 12 Hz), 2 92.'_ R

10

B0 m) 2 13-2.19 (16, m), 1.42-1. 73 (SH, m) LCMS (12 mmute meﬂmd) mfz
324 I [M-HC]+I-1] R-r4 8331111, R ; ERE

S Jethanol hydrochloride

Eae '_1@c:omzyz.zmm)pw.z.y.@mmm.yz)mmm.z.qu (43) L

a0

S 'I‘he ﬁ'ee base of 44 rs obtamed ﬁnm 43 (0 691 g1 69 mmol). a-chioroethyl
R chlomfoxmate (0.80 mL) a:ud solid supported Hl‘.tmg 5 base (0.95 g) in anhydmus DCM
o followmg G’ereral Procedure 3 Pun.ﬁcanon by mn exchange and convmmn mto :ts

B -'-'-'-';.?-;'-bmm;de (avmlable from Rxeke Metals) (o.st sol\mon m memyl ether, 1. 1 eq) fouowmg
.:':_.f:_ Genera! Pracsdure 2 Punﬁcatmn by prepa:ahve LCMS gwes 43 as vxscous 011 (0 691 g,

%) MW 409 57 CstasNOa, LCMS (6 minute method) m/z 410 [M+H]" Ry 3. Smm. :
C)rdopemyl—z-[z-(ethyloxy)phenyl]-l-mmpholinwz-y!etmol I:ydracidoride (44) . .




. Compm#nd 45 m obtamed from 7 (0 6 g, 2 19 xmnol) and connnercxallyzavmlable
':f' '(F]uoro:}hem) 2—mﬂuommeﬂzoxy-benzyl magnesmm bromzde (0 SM solut:on in:

e mag:esibm 'bromxde aud stlmng ﬁ:r 2 hours at 0°C Pm‘lﬁwnonby ion exchange Y RS
R 5_:.chromatogmphy gwes 45 @ 89g, 90%) MW 44952 ,_Cstaanms _LM (6 m“m e

| - - The ﬁ'ee|base of46 13 obtamed ﬁ'om 45 (886 mg, l 9‘7 mtnol), a-chloroathylm
i 'V-vhlomfoima:e (0 85 wl, 79mm01,4eq)andpoxym-suppunednamg sbase (1 u g,

T
5
l

I
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10 e

3.94 mmol, 2eq} in’ DCM (15 mL) follomng Genemf Procedw'e 3 Punﬁcauon by mn
o exchange chromatography followed by preparauve LCMS and convemon to 1fs
" hydrochloride salt following General Procedure 4 gives 46 35 a gum (140 mg, 20%) EER T
| MW 395.85; CreHaFsNO3HCE; 'H NMR (cnson) §7.48-1.50 (8, m), 734735 (3H, __'-_". NI
 -m), 3.97 (1H, dd, 2.3 Hy, 12.5 Hz), 3.60-3.68 (2H, m), 327-331 (15, m), 3,03 (ZH, . '_'-* P
| 125H2),273297 (GH,m), 200-2.11 (18, m), 130163 (8, o LOMS (12 miute e
R :method) mlz 360 14 [M-HCI-!—HI* RTS 14mm. e SR

e ,_'._'-:':'Compound 47 is prepared ﬁ'om 7 (1.27 g, 4 65 mmol) and Z-phenylbenzyl magnesmm EERR
" bromide (0.25 M solution in diethyl ether, 1.1 eq) following General Procedure 2.2- SRR
- Phenylbenzﬂ magnesmm bromlde is prepared from commgréxally avaxlable (Aldnch) 2_ B
R -j_-'phenylbenzyl bmmlde followmg Genml Pmcedure 5. Punﬁcatmn hy ﬂash column R :
o chromatography (eluent, cyclohaxanea’EtOAc 90/10 [v/v]) gives 47 as viscous ofl (1. 75 g). SRR
- 47 istaken onto the next step withont further punﬁcanon. MW 441 62 C:goHssNO;, EA N e
G LGMS (6 minute method) m/z 442 [M+H]', Ry 3.51 min. e
200

2-[1,1 -B#Jkeny{]-z—ﬂ-l wdopemyl-l -mwphahmZ-ylethmal kydmcklonde (48)

S .The freebase of48 is ptepared from 47 (1 758, 3 95 nnnol), 301“1 suppnrted Hi}mg S,
E base (222 2 and a-chloroeihyl chlorofonnaxe (i 62 mL) m anbydrous DCM (30 mL)

o fo]lomng General Pmcedure 3 leﬁcahon by mn exchange chromatography followed . | '_: . o



e B | _

i by ﬂaslil column chromatography (eluent, MeOH/DCM 1/99 to zo;so [wrv]) gives 1he ﬁ:ee PR

- base asla visoons oil (805 mg, 58%) which is converted into 48 following General

o Procedia-e 4. MW 387 95; C?_qHngOz.HCI, g NMR (CD;OD) 5 7 66-7. 40 (14, m)

. 19-7 47 (8H, m), 3.92 (1H, dd, 13 Hz, 3.5 Hz),s 59-3.67 (24, m), 3. 0533 16 (41-1 m), -
2 93 (1 ,1d, 13 Hz, 3.5 Hz,), 2.59 (14, t, 12 Hz), 1.98-1.88 (H, m), 1 55-1 19 (8H, m), -
o .I,CMS:!(IZmJnMemeﬁmd)mfz%l [M»HC]-;-H]* 1{1568mm. i

| B I'Cydafmfﬂ-z-(tl-ﬂuowﬂ,l’_bwkguy[j.z.ﬂ).z,{mkmy‘m my‘) mmphazm.z. e
'__-'.j._-yxemanpmydmemorfde(w) R P

l
I
i

: B Compcund 49 is obtamed ﬁ'om 7 (O 9 g 3.29 mmol) and Z-phenyl-s—ﬂuombenzyl o
" maguesjum bromide (0.5M solution in THF, 7.24 mL, 3.62 mumol) in anhydrous THF (20 f o
K mL) followmg General Procedurez Z-Phenyl-s-ﬂuorobenzyl magnesm bromideis = - |

| B 'prep from 2-phenyl-5 ﬂuombenzyl bromxde foﬂowmg General Pmcedwe . Further -
o 2-phm341-5-ﬂuombenzyl magnesium ‘bromide i is added aﬁer 30 mm (0 3 eq, 2 mL, 0. 99
e _"mmol) Pmﬁcanon by ion exchange chmmatography followed by automated column

L chromafography eluent, EtOAdn—heptane 0/100 to 20!80 [v/v]) gwes 49 (1 .26 g, 83%) as o B

20 acolourhm fiquid. MW 459 61 C:oHu.FNoz. LCMS (6 misite method) m/z 4605
B ;':_[M+HJ*1 Ry 3.98min. |

o I—CBJ""*’EWI-Z-(WomH.I btpherw!l-z-yt)-lwrpholimz-ﬂeﬂtmf "J'd'*"’""’f““’ o

I
|
:
Sl
I
{
|
|
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..’Ihe free base of 50 1s ubtalmd from 49 (1 26 mg, 2 73 mmol), a-chloroe\‘hyl
- 'chlomformate (1 18 mL, 10.9 mmol) and polymer-snpported Hiinig’s base (L 54 g5 47
ramol) in DCM (25 mL) following General Pracedure 3 Punﬁcanon by ion. exchange

B chromato graphy followed by automated miumn chmmatography eluent., MeOH/ DCM

10

100 to 201’80 [viv]) and convers:on to 1ts hydrochlonde salt gwes 50 as a yellow sohd
(023 5,23%). MW 405.94; CrsHaFNO; HCE 'H NMR (cngon) 87.207.37 (6H, m),
_'708-7 13 (1H, m), 6.91 (1H, 1d, 3.5 Hz, ssnz),s 80 (1H, dd, 3.5 Hz, 13.0 Hz), 342-

3 54(2H,m),299-3 06 (2H, m), 2.93 (2H, 5), 2.83 (1H, 14, 4.0 Hz, 12.5 Hz), 2.53 (lH,t, |
 12.0H2),173-185 (16, m), 1 121 44 @5, ) LCMS (12 mimute method) wz3702
_'.[M-HCHH]*, Rr5.46min. T

:__-..t'q':tr'#h"dro- -p lethanol hy ch!on e (52)

15

- 2-[5-F1uoro-2-(methyloxy)phenyi]—l—[#-fphenybnefkyl)morp]wbn—J—yU-]-ieﬁ-akydro-
‘_.ZH pymn-#-ylethanot (51) ' I

. ..”.Compomld 51 15 obtamed ﬁ'om 8 (0 6 g, 2 07 mmol) and 2-methoxy-5-ﬂuorobenzyl

 magnesiom bromide (4.6 mL, 2.28 mmo), 1 deg) i in anhydxous THF (15 mL) followmg
o General Procedure 2. Further equivalents of 2-methoxy—5-ﬂuorobenzyl magnesmm "
'bmmde (8.28 mL, 4.14 mlnol) are added and the mixture is warmed to room temperature
o ‘and left stirring over mght. leﬁcanon by ion exchange chromatography followed by

s __ __autonmted chromatography (eluent, n—heptana/EtOAc 90! 10 to 30/70 [v/v]) gw&s Slasa

colotrless oil (375 mg, 42%). MW 429.54; C;sHstN04, LCMS (6 minute method) m/z

4302 [M+H]” Rr33 12 min.
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}[iﬁk;orwz-methybxy)plmyy-l-momkm-Lﬂ-ImﬁyWZHWM4JMMM1_' o

; hydro¢hlonde (53

B

'
I
|
b

e

The fige base of 52 is obtamad from 51 (0.31 A 0. 73 mmol), a—-chloroethyl

chloro: ormate (0 31 mL, 2.9 mmof) and polymer-supported Himig's base. (0 A1 g, 1 45

' mmd)im DCM (7 mL) followmg Generat Procedure 3. Punﬁcanon byi 1011 exchange

5

: 2-{5-F%uara-2—(merhyloxy)pkenyll-f—ﬂ-(phwlmeﬂzyl)mmpzwzm-z-yzj-z-cmhydm
- 2H- pmu-d-ylethmt kydroc!zloride (518) S o

20

387 (2H, m), 3.63-3.73 (5H, m), 3.12-3.33 (4H, m),2.91-3.02 (2H, m), 2. 81 (2H,, 14"

etrah fdre 21[— n-4- eﬂlanolh druchlo c'le 52b

l
|
I

Methoxy-s-ﬂuoro-benzylbmnude (455 6g, 2 079 mol) i is dlssolved n toluene (1592

mL). 3i|; (4008 g, 1386 mmol) s dissolved in toluene (400 mL). An inerted 20 L vessel is. "
charged with 2-MeTHF (1202 mL), magnesium (50.59 g, 2.079 mol) aud 1.5M DIBALH
(16 mL). The benzyl bromide solution is charged in a fannel flask then an initial charge -
of 5% Af the total amount of b:enzyl bromide is added to ﬂ;s magnmumnnxmregt 22_°_(j_. .
Afier 15 mins, the remainder of the benzyl bromide solution is added over 160 minsat =

A
L

" chromatography and conversion to the hydrochloride salt following General Pracedw'e ‘ -
- gives s}z as awhite solid (0.19 g, 77%). MW 375.82; C1sHuFNO,HICE, 'HNMR
. . (CD30P] 56. 98-7 01 (IH m), 6. 83-6 86 (2H m), 3 99 (IH,dd, 3.5 Hz, '13 Hz), 3 32-' :
10
 H 51 173 (58, LCMs (2 minute mettod): mlz 3402 m-ﬂcmn Rr 378
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room temperature. After an additional 1h stiming, the 8b solution is slowly added to the *

 mixture over 140 mins at ~15°C. After a further 30 mins, the quench is performed by

‘addition of acetic acid (124 mL) keeping the temperature below -5°C, then & 10/1 v/v’
water/acstic acid mixture (2200 mL) is added keeping the temperature below 10°C. The

 organic layer is extracted at room temperature, filtered 1o remove Mg turnings and left -

ovemight. The organic layer is washed with water (500 mL), then basification is | N
performed by addition of water (1600 mL) snd NHsag (311.8 mL). The organic layer is
concentrated and i-propanol (2000 mL) is added. The azeotrope toluene/i-propanl is

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

dissclved in i-propanol (2380 ml) then 12N HClaq (138.6 mL) and water (2380 m_L)'. are

‘added. The apolar impurities are removed with a cyclohexane wash (4760 mL). Then, the .
. aqﬁeous layer is basified with NH;aq and extracted with toluene (4 L), The organic layer

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

" toluene (4 L) and then this new toluene solution is washed wﬁh water (500 mL). The

15

20

25

combined orgamc layers are concentrated m:der reduced pressure, then i-propanol 2 L) is .
added and the solution is cnncentrated again to p_rowde a crude ol of 51b (550 g, 91%
- yeild; 94% ec) and 100 g of i-propanol. This crude oil is diluted with THF (2000 mL) and
 8.76M HBrag (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 THF (150 mL) to give
34 g of racemic 51 as the HBr salt. The miother liquors are concentfated then toluene

(1500 mL}), water (500 mL) and NHjaq (103 58ml, 1 386 mol) are added. The organic B

layer is extracted and washed with water (250 mL). The combmed ‘aqueous layers are

extracted with toluene (500 mL). The combined organic layers are dried over _MgSO4 and

concentrated under reduced pressure, then i-propanol (2 L) is added and stripped off-

'again Then, the oil is dissolved in i—propanol (1 1), 12N HCI (121.3 mL) is added and ﬁie |
- mixture is allowed to stir for 15 mins, then the solvent is pa.rhally stnpped offto prowde

51b as the desired d1astereolsomer (1021 g; 98.4% ee)

e

Ne
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z-[s-ﬁ'umm-z-meshyloxy)phenyxm-morphazfa-z.yt-zmahydm-m pymn.qr.ymm, R
_-f_-._hydro.gmmde(szb) - . . ST

- A6 Lll’anr botle i s Yoadsd with Sl'b (1021 g, z»propanol (3530 mL) and water (539 mL) Ce e
_-fijﬁermngmgmtth, 5% Pa-C 52% wet is added(los 6g)aud themmturels then R
IR mlxtm:e is ﬁltered on aﬁyﬂo Super Cel® pad(loo 9 pre-unbibedwxﬁl 80./20 o s
SR | ; ‘ panb]fwater (5001111-) The catalyst zsnnsedmthaSO 20: z—propanolwaterm:xture VL
R (SDO mk,) The solvents are strxpped off then i propanOl 13 addad (2000 mL) tO bep arually"3 -
" 10" removed again. Then i-propanol is re-added (1400 mL) and the heterogeneous mixtureis '
"+ concenlrated to provide ai off-white solid. To this crude alcobol 52b is added i-p:'Opanol A

e -:_ ' f-{-3__(4474 :pL) andthe nnxture is hmted to reﬂm: mml ahomogeneous soh:txon is fortnei

Then, the :mxmre :s moled slowly andthe crysta]hzatlon starts at 60°C The powder 1s - - ':--f"..; o
L ﬁlteredlatroom tamperatm'e, rmsed w:th z-propanol (2::350 mL) and dned unda reduced 7' o
essurp at 40°C tso gwe lngbly pma cnmpuund Szb thh 80% reoovezy yleki (98 4% de, -

992%@)

L Compo#nd 53 is obtamed fmm 8 (0 61 211 mmol) and commerc:auy available L |
g __'(muomqhm) Z-mﬂuorome’thoxy benzyl magnesnm bromlde (4 6 mL, z 32 mmol, 1 leq) - B ST

i
|
(
i

w ':'.:-'?'j'I'IW*‘E"J’MJ?‘)MPPMHHwZ—yl]-I—I-teﬁ'ﬂﬁyWMwan-%yf-g.{z. _' _'_' R
Sl ::’{(ﬂ'eﬂuﬂ[ramethyl)owlpkenyl}emmﬂ (53) Lo




. manhydmusTHF(ls mL} follomng Geneml Procedure.? Flmher Z-mﬂnoromaﬂ:oxy ; - 3
. -benzyl mﬂsﬂesnnn bromde (4.22 mL, 2. 11 mmol) is added Pun.ﬁmuon by fon exchange S
chmmatogmphy gwes 53 as an oil of Bs%pmty (1 398 molaxed m ca 88% pmt:y)__ | | ._?.
" Whlchlsdlrecﬂyusedm thenaxtstep MW465 52 CZSHSDF:‘NO" m(ﬁm S

-I_methOd) mfz466.2[M‘+m+ Rr36‘7mm. B P P S
| iMrphain ”“"‘“’“’“"'“'ZHW*yf-M-IfMﬂuoromemva el e
v __..-P}‘enymdnozh_}'dmchlmde(j'g - T SN

e . .. The ﬁee bm of 54 is obtamed fmm 53 (Q ,27 g, 0 57 mmol}, m—ehloroethyl

10 chloroformate (0.25 oL, 2.30 smol, 4 o4) and polymer-supported Hinig’s base (032 s R

o 1 15 mmol, Zeq) in DC:M (5 mL) follomng Geueral Procedure 3 Pm*nﬁcauon by xon

ex change thyfonowedbymmwm(grmmﬂmdoonvers:onto B
|- the hydrochloride selt following General Procedure 4 gives 54 as white solid (S2mg,
T 17%). MW 411.85; CigHuFsNOGHCL "H NMR (CD;OD) 8 7.45-7. 48(1H,m),716-727."
S @m0 es(sn, m),mMS(Iz minute smethod): 2 376.1 m-ncum Rr428

(3H, m), 398 (1H, dd, 4.0 Hz, 13 Hz), 3 65-3 88 4n, m) 3 12—3.31 (4H m), 2 87—3 01

. zg . m ~4-xlethanol hxdroeh!ogg_g !.§§. ) _. B ST

1 -ng::euyzj-z-yz-z-[mmyme:hyz)mmpmm-z-yy-ummmm.4. Nt

S gty
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Comp:mmd 55 is prepared from 8 (0.56 g, 1.94 mmol) and 2-phenyl benzyl magnesium
) .
bromide solution (0.25 M solution in diethy] ether, 9.31 mL, 2,33 mmol, 1.2 eq)
follovdmg General Procedure 2. 2-Phenylbenzyl magnesium bromide is prepared from
commerczally available (Aldnch) Z-phenylbenzyi bromide followmg General Procedure
5. Fu.rﬁher 2-phenyl benzyl magnesium bromide solution (1 mL) is added and the reaction

 left under stirring overmght Puyrification by ion exchange cbromatography gives 55 as an-

ﬂ'-wﬁlte foam-like solid (0.37 g, 68%). MW 457.62; CaoH3sNOs; LCMS . (6 minute
methoﬂ) m/z 458 [M+H] Ry 3.58 min. '

2-f1,1 -B:pkenyl]-z-yl-l-morpkofm-z-yl-l-tetmkydro-zH-pymn-tf-ylethanaz

kydrothori:{e (56)
{

J
!
!
" .
|

H“*ca

j :
The frée base of 56 is obtained from 55 (0.588 g, 1.28 mmol), solid supported Hiinig’s

 base (d 72 g) and a—chloroethyl chloroformate {0.53 mL) in mﬁydmus DCM (20 mL)

15

- 20

. foHowing General Procedure 3. Putification by jon exchange chromatography gives the
~ free ba‘Le of 56 as viscous oil (0.483 £), contaminated with 2 small amount of the N

- protected compound 55. The residue is treated with an excess of reagents (1 eq), solid

supported Hiinig’s base (0.36 g) and a-chioroethyl chioroformate (0.26 ml.) in anhydrous |

DCM 620 mL) and methanol (20 ml) and purified by ion exchange chromatography to
give thaia free base 0f 56 (0.432 g). Purification by preparative LCMS followed by

conversion to its bydrochioride sailt followmg General Procedyre 4 gives 56 (0.280 g, 54

%). MW 403.95; CrsHzsNO3 HCL; 'H NMR (CD;0D): 8 7. 45-7.59 (1H, m), 7.10-7.35
(8H, m) 3.85 (14, dd, 13 Hz; 3.5 Hz), 3.75 (1H, dd, 11.5 Hz, 3.5 Hz), 3.51-3.59 (3H, m),
2.83-3.12 (7H, m), 2.64 (1H, 1, 12 H2), 1.36-1.52 (2H, m), 1.02-1.21 (2H, m), 0.90-094
(1H, m); LCMS: (12 min method) m/z 368 [M-HC1 +HJ", Ry 4.6 min.

1
i
i
|
|

_ : PCT/US2004/032771 | '
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| 'Connnﬂrmally avazlable (Aldnch) 2~hromobenzyi magnemum brom:de (0 25M solution m: '_ o
o dicthylethes, 489 mL, 12.18 mamol, 2.6 eq) is added in three portions over 90mmntesto a* o5
- solution of 8 (1.35 g, 4.7 mimol) in dry THF (30 mL) at 0°C. After quenchmgmh e '"
ol _""'watﬁ',saﬁuatedmnmommchlondesolumn 1saddedandthe aqueous phasewashed AR
SR with EtOAc The combined organic phases are washed with brine and water, dried over B 5 o
R §1 A '

.-ma.gnwmm sulphate and solvents removed i m vacuo, Pmﬁcanon bymn exchange

L chmmatugtaphy followed by punﬁcauon using automated column chromatography | B

" (cluent, EtOAc/a-heptane 10/90 to 50/50 [v/¥]) gives 57 (0.56 g, 26%). MW 46042;
" C24H30BSNOs; LOMS (6 minute method): m/z 4624 [M+HI, RT 3.l min. .~ © -~
L -f-'-’;_f*_}z-(s nuaro-queny:~2-yl)-f-{4-@kenybnemyy morpkalm-z-yl]-f—(termkydro-gymn _?

'--"'4-y.t)-wmaz (53 - N - B

SRS ;_To a suspmsaon of Pd(OAc)z (2 44 mg, 0 011 mmo] 0. 02 eq) in acetommle (1 5 mL) is. _' g o
- added tripheny! phosphine (11 4mg, 0.043 mmol, 0.08 eq) under nittogen atroom -
temperature. leading to theformaﬁon ofa wh:te prempatate. Addmon of water (0 5 mL) RIS
'3-ﬂuom-pheny1 boronic acid (912 mg, 0.6 mmol, 1.2 eq) and 57 (0.25 m, 0.54 mmol) e
- gives a dark grey solutlon aﬁer 10-20 mimutes whmh is h&ated to mﬂux and Teft stxmng

at reflux overnight. Further 3~ﬂuoro—phenyl boromc acid (70 mg, 0. 55 mmol, 1 eq) and

o 'Pd(OAc}Z (2-3 mg) are added and the m:xmre is Ieﬁ stunng at reﬂux for another 24 :




O pombélingy Epentan-2-0L(60) | A A
s &T+’ﬂuorm1-[&ﬂuormwmWW)PMWU-Z-[W”WW“"J’U mr.vﬁo“"-z-

e
i
e

-Compmhld 59 is obtamed fmm 9 (0 7 g, 2.32 mmol] and 2—methoxy«-5~ﬂuorobenzyl BN LR
S magnes%mn bromide (5 11mL, 2 55 :mnol. 1 qu) in d:ry'I‘HF (15 mL} followmg Geneml i
. _Frocedsb'e 2 P!mﬁcahon by ion exchange cln'omatography gwes 59 as aa oil of so%

AR B T S I

C30H3¥415N03, LCMS (6 m:mxte method] mlz 476.4 [M+H]+ RT 3 41mm. L
= g-(s' F?uom-b{pkmyl-z'—yl)-lwwmholm-z-yl-l-(mkydm-pymu#yl)-ahmwl (58) j el

-'Compo¥md ss is obtamed ﬁomS'? (0.213 g, 045 mmol), sohd supportedHﬂmg sbase L
(025 {712 rumol, 4 eg) and a-chloroethyl chloroformate (0.19 1L, 1.79 mamol, 4 q) m’
S anhydr%us DCM(’?mL) fonowmg GenemIPmcedweB leﬁcat:onby mn exchange S
S chmmaiography givesthe ﬁ-ee basa of58 8 awhlte foam (25 mg) whmh is further
S punﬁed by preparauve LCMS Conversxon to 1ts hydmchlonde salt follomng Gmeml s S
e 10W¢ 4 gives 58 13 2 yellow gum (96.5 5, 56 %). MW 421.94; CHaFNOHCI ‘H; ey
" NMR (EDSOD): 5 7.60-7.45 (IH, m), 6.90-7.45 (65, m), 3.55-395 (S, m), 2.85-3.30°
S aew, n’!), 2.64 (18, 1, 12.0 Hz), 095-1.45 (SH, w1 LOMS, (12 minute method) wz 386 R
___"ff[M-Hcl-r-m* RedSémin R

i_'.'zs"_l’r para on. £

4
t



puntywmchlsdmﬂyusedmthenextatep (0 9 greooveredmatenal) MW441 47
e CnHz-;F4N04, LCMS (6 mmute method) m:’z 442 4 (M-!-H] R-; 3.36 mm. E

5.5,5-Tnﬂuam-I-IMMrmz-(methﬁm)phmﬂ]-i’-umrpha!in—.?—yl]pwtan.-z.al i
-i--'__r'--_fhydmmﬁde(so) o R .

o The ﬁ'aa base ofGO is obmned from 59 (0 98, 2 04 nnnol), a—ahlomethyl chlomfonmte s
5-----_;._{__(0 88 m., .15 mmol, 4 o) and polymer-supported Hiinig's base (1.15  4.08 mmol, "

.2eq) in DCM (25 mL) followmg General I-‘mcedure 3. leﬁcahon by ion. exchange AL
R -f'cﬁomatogmphy followed by preparative LOMS and coiversion to the hydrochloride salt : R
10" following General Procedure 4 gives 60.as a yellow solid (0.133 ¢, 17%), MW 38780;

" CiHaFNO, HCL 'H NMR (CD;OD): & 6.93-6.96 (1H, m), 6.36-6.87 (3F, m), 4.09-4, B
L (IH,m), 3.68-3.75 (4H, m), 3.42-3.47 (1H, m), 3.34-3.40 (1K, m), 316325 (1K, m), SRS
303501 (H, m), 2.83 (OH,, 14 H2), 2.12-2.29 (2H, m), 1.58-1.68 (1, m), 1.29-139

___--f'(:H, m) LCMS (12 mmute method) m/z 352 1 [M—HCI+I-I] RT4.54 and 4 66 min. -

i phzny!}pentmz-z-ol ( 61)

' ' Compmmd 61 18 obtamed from 9 (0 7 g, 2. 32 mmol) and commema}ly avallahle
L -_(Fluomchem) 2~h1ﬂuoromethoxy banzyl magnesmm hrom;de (5 12 mL,z 56 mmol, LT
o 1 leq) m dryTHF (15 mL) followmg Geueml Procedure 2 Ptmﬁcanon by 1on exchange :"f"; G




heptm{:lEtOAc 100/0 t0 50/50 {va]) gives ¢ 61 a5 anoil (0275, 25%) MW 47745, "
CststsNoa. LCMS (6 minte method): m/z 4784 [M+H]', Ry 3.63 min,
- 5,5,5-Womnzvmofpkatin-z-ﬂ-l-{Z-Irmmmetkﬂ)my]phenﬂ}penm -ol

o ’I’he frepbase of62 is obtmned from 51 (o.zs g 0. 53 mmol), er.—chloroethyl SoCEE
_:_.:-_“_,_' chlomﬂ:maIe(O-ZB mL; 212mm°1,4eq) and polymbr_-' porie Hmug s base (o 30 g,
1,06 minol, Zeq) in DCM (5 mL) following General Procedive 3. Purification by jon .~
v .10 - exch _'_ _' echromatographyfoﬁwedbyprwm'auchCMS and cOnvemonto 1ts
S hydmcmonde salt gives 62 as a yellow solid (0051 g, 23%). MW 422.78; ~ "~ o
R : _-.'ff-.*f:CmHa sNO:\.HCl ‘HNMR (CD:,OD) 87 40-7 42 (11-1 m), 7 19-7 30 (SH, m), 4 09-4 13
(U 371- 378 (UM, m), 40-3.53 (1H, m), 336-3.40 (1H, m), 3.08-3.22 (G, m),
0 2.89QH,,14Hz),2.09-217 @H, m), 1.65-1.75 (1H, m), L 30-1 40 (IH. m), LCMS (12
s ;__-"mm:ute &neﬂmd) miz 388.1 [M-P 1+H]+ R-;-4 min: L

-.._-_..:-Componpzd&mo‘btmnedﬁom!)(073,232 mmol) andZ-phenylbenzyl magneslm “__ S
: -bronudd(IO.Z mL. 2 55 mmol, 1 1 eq)m dry ']_"HF (15 mL) followmg GenemlP Fw’e e
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COLOMBIA
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NOTARIAL CERTIFICATE

STATE: INDIAINA)
COUNTY: MARION)

Jh R
On this /| day of ﬁﬂ’ pi / , 2006, personally
appeared before me the named, John Joseph Masters,
who acknowledged that he/she signed the document as his/her
voluntary act for the purposes therein set forth.

NOTARY PUBLIC

:{darsha J. Winterrowd

y Commission Expires

(SEAL) January 21, 2008
Residence: Marion County



