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E Comprobants de pago de la tasa de presentacidn de la solicitud
E Documento que acredrta la existencla y representacién legal cuando el aolicitante sea persona jurldica
E Documento de Representacién Legal

I:l Documento de casién del nventor al solicitante o a su causante
[] Declaraciones

|:| Copla de la solicitud Intemacional (Resumen descripcién relvindicaclones dibujos)
E Traduccléon de la solicitud intemnacional al castellano (Resumen descripclén relvindicaciones dibujos)

E Copla del examen preliminar intemacional efectuado por la Autondad Internacional de Examen Preliminar
({IPEA)

E Traducclén del examen preliminar interacional efectuado por la IPEA.
[[] De ser el caso copla del contrato de acceso
De ser ol caso documento que acredite |a licencia o autorizaclén de uso de conocimientos tradicionales de
las comunidades indigenas
BX Arte Final 12x12 A
|:| De ser ol caso informacidn sobre oiras solicitudes de patente o tituloa obteniios en el exiranjero por <

mismo titular o su causante relacionados parclal o totaimente con la Invenclén de esta sollcitud

D De ser el caso moedificaciones efectuadas a la solicitud internacional

Otros Reporte de Bisqueda Interngcional, su traduccién y documentos citados en el Repor
E tei:ie Bisqueda .q Yy Publicagfgn con su traduccién y =
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El documento que acredita la calidad de REPRESENTANTES
LEGALES en Bogotd de los doctores JOSE ANTONIO LLOREDA
y/o GUSTAVO TAMAYO y/o ANGELA MARIA RESTREPO
y/o ALICIA LLOREDA RICAURTE para TODOS LOS ASUNTOS
RELACIONADOS CON LA PROPIEDAD INDUSTRIAL de la
socliedad peticionana, que faculta a cada uno de dichos abogados
para actuar individualmente, se estd presentando con esta solcitud
En consecuencia, ruego a usted reconocer la personerfa de cada uno
de dichos Representantes Legales para actuar dentro del presente
expediente, a fin de que cualquiera de ellos pueda intervenur en

cualquier tempo respecto de la solicitud en él conteruda

JOSE ANTO
TP No 1
Cédigo 231



-l

TRADUCCGION OFICIALN 135

LEGALIZACION de un documento presentado simultdneamente en inglés y
espafiol PODER de representacion legal otorgado a JOSE LLOREDA CAMACHO
y/o JOSE ANTONIO LLOREDA y/o AURA DUENAS RODRIGUEZ y/o GUSTAVO
TAMAYO y/o ANGELA MARIA RESTREPO y/o ALICIA LLOREDA por
AstraZeneca Aktiebolag

Dado y firmado marzo 23 2000

Fimado Susan Margaret Evans
Director Jefe de Marcas

CERTIFICADO NOTARIAL (SOCIEDAD) SIMULTANEAMENTE EN INGLES Y
ESPANOL

Firmado (ima ilegible)
Notano Publico
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REINO UNIDO DE GRAN BRETANA E IRLANDA DEL N RTE

No D 617801

Fecha mayo 15 2000

Este documento lleva la fima/sello de

J B Hodgson
Quien actGa en su condicién de Notario Piablico
Firmado por B Amarteifio
(firma ilegible)

Pnncipal Secretano de Estado de su Majestad para
Asuntos Extranjeros y del Commonwealth

Hay sello en altorrelieve y plano de la Foreign and Commonwealth Office de
Londres

EN ESPANOL

Firmado Jaime Lozada Perdomo
Coénsul General

Sello del Consulado General de Colombia en Londres
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CERTIFICACION EN ESPANOL DEL CONSULADO GENERAL DE
COLOMBIA EN LONDRES

Firmado JAIME LOZADA PERDOMO
Coénsul General

MINISTERIO DE RELACIONES EXTERIORES
SANTA FE DE BOGOTA

CERTIFICA la firma y el cargo del funcionano consular JAIME LOZADA, bajo el
nimero 182199 el dia junio 14 2000
(Firma llegible)

JEFE DE LEGALIZACIONES
Santafé de Bogota, DC
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CONSULADO GENERAL DE COLOMBIA

3RD FLOOR 15-18 GREAT TITCHFIELD STREET LONDON W1P 7FB
TELEPHONE 020-7637 8883 TELEFAX 020-7837 5604
E-MAIL conaulco@consulco demon.co uk

El suscrito Cénsul General de Colombia en Londres, vistos los documentos presentados
ante este Despacho,

CERTIFICA

Que J B HODGSON, Notario Publico de Macclesfield, Inglaterra, Gran Bretafis,
autenticé la firma del Documento precedente y su firma se encuentra certificada por B
AMARTEIFIO Oficial del Ministerio de Relaciones Extenores Britdnico firma que a
su vez se encuentra registrada en este Consulado General

' Que ASTRAZENECA AKTIEBOLAG, es una Sociedad consntuida orgamzada y
existente en Scodertalye Suecia, 3 que cumple con su objeto social de acuerdo con las
leyes de ese pais

Que SUSAN MARGARET EVANS, cn su cahdad de Directora, de la mencionada
Sociedad, debidamente autorizada otorga el Documento precedente y su firma se
encuentra autenticada por J B HODGSON Notario Piblico de Macclesfield Inglaterra
Gran Bretaila

El Cénsul General no asume responsabilidad por el contemdo del mencionado
documento

Dado en Londres Inglaterra, Gran Bretaiia, a los diecisiete (17) dias del EggMayo de E
2000 = -~ ]
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l..mi:qjqﬂrmdqn 11/AstraZenaca Aktiebolag,

ua socledad organizada y existente de con-
formidad con las hyu' de :Suacia,

con domicilio en
R PR v
Soderthlyd M adhediitd

u b mbadiarsh

nombramosrpotiel.opsenta,y JOSE LLOREDA CAMACHO
¥/pu]OSEy ANTONIOALEOREDA, y/o AURA DUENAS
RODRIGURZ, y/o GUSTAVO TAMAYO y/o ANGELA
MARIA RESTRERO y/o ALICIA LLOREDA, domiciliados en
Bogotd, Colombia, con oficanas en dichs audad, Calle 72 No. 5
83, piso Go., nusstros representantes legales y verdaderos en
Bagotd,con lacultades pars. recibir notificaciones y nombrar

m qqqudmalu. con el fin de dar
b T del articuly 543 del decreto 410
de1911 .

Los doctores JOSE LLOREDA CAMACHO y/o JOSE
ANTONIO LLOREDA¥/0 AURA DUERAS RODRIGUEZ
y/0'GUSTAVO TAMAYO <y/o ANGELA MARIA RESTREPO
¥/0 ALICIA LLOREDA, o los apoderados que cualquiers de

leo.r?"' t‘lﬂ:oaﬂ’?dm especialmente facultados para

I te las ) autoridades colombianas
,hdﬁldp de policta, en todos los trimites

hm:edldhdultﬂnfncwndectoluhndtumu
plndurmmdldmauwﬂdldstndulmpnmnecmmd
olpeto indicado; elevar soheltudes declaraclones y reclamos
formular descripeiones, enmiendnas oposiciones y apelaciones
lnstlnnr cancelaciones y mpm admunstrativas sbonar

lﬂﬂtﬂl yefectulrtodootmpqn
dmli‘idﬂ or 1a T : reciur todos los documentos y valores
dando €l descargo respectivo; llenar cualesquiers otros
requisitos y tomar mﬂn.toduhsmedlduquemyum
eondunmtﬂllmgundodenuutmlmm y en caso de
pqu,udne oposicidn pasando los antecedentes a Jos
hﬂamﬂs.quedanhculhdupmtomumtuvmmdnmu

coinpeténies; pudlendoCtrifisar sonieter a Arbitros desistir

.dmndunumomdemmdnﬁ& ante los jueces que sean

percibir, ipell;mdnludmhhnﬂuduquemultm
u‘mﬁ%hyﬁ_‘ﬂum declaramos desde ahora vildo y
bueno ciianto dichos representantes y/o0 los apoderados que
cualquigry de ellog nombre hicieren en nuestro beneficlo.

1 % 2400 08 e T l:u JOSE LLO

GA‘IMCHD. ty/03jJOSE ANTONIO LLOREDA y/o AURA
DUENAS RODRIGUEZ ~y/o GUSTAVO TAMAYO, y/o
ANGELA'MARIAIRESTREPO y/o ALICIA LLOREDA para
Ib“dtlr”ﬂi“ill" Oficina! de Propiedad Industrial Ia

nld 'uﬁ'd&cummtn y de cualquier poder que

a't"" ngtgrm;nomhenuuﬁo.uleomopm

Prosapts. ., |y »
-‘{ 1o
Wmﬂaﬂ@’.,ﬂﬂ Marzo s!e 2000

- *#h-)'!.:e'hﬂ
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Theundersigned, AstraZeneca Aktiebolag,

a corporation organized and existing under
the laws of Sweden, '

of

Sodertalije, Sweden,

hereby appoint JOSE LLOREDA CAMACHO and/or JOSE
ANTONIO LLOREDA and/or AURA DUENAS
RODRIGUEZ and/or GUSTAVO TAMAYO and/or
ANGELA MARIA RESTREPO and/or ALICIA LLOREDA of
Bagotd, Calombun, with offices i said town, Calle 72 No. 5-83
Sixth Floot, our true and legal representatives m Bogoté, with
power to receive notifications and to appoint judicial or
extrajudicial agents so as to comply with paragraph 1 of article
543 of decree 410 0£1971

Doctors JOSE LLOREDA CAMACHO and/ar JOSE
ANTONIO LLOREDA and/or AURA DUENAS
RODRIGUEZ and/or GUSTAVO TAMAYO and/or
ANGELA MARIA RESTREPO and/ar ALICIA LLOREDA, ar
the agents by any one of them appointed are especially
empowered to represent us before the admunistratve judicial
or palice authorities of Colombia in all proceedings pertaining
to industrial property for which purpose we authonze them to
take before the said authonties all the necessary steps to the
said end to file petrions declarations claims cancellations
and sdmunstrative mjunction proceedings to draw up
specifications to make amendments oppositions and appeals
to pay all installments and effect all other payments prescribed
by law {0 receive recapts to comply with all other
requirements and 1n to take all-those measures which
they may deem fit for the protection of our Interests and n case
of opposihiory, where the the proceedmngs be passed over to the
courts we authonze sald agents to act on our behalf s
compiainants as well as defendants befure the competent
judges mﬂtiullpowmtomlhmmenu to submut to
arbitrators todaht.tocnllect. tnlppuland m short, with all

substitute thesep

Gimmnummzy of MARCH 2000

1 n '

NOTARY §WMSIDB




CERTIFICADO NOTARIAL (INDIVIDUO)

Bstados Unidos de Aménca

Estadode {u

Condadode

Alos  diasdeimesde del9
comparec! personalmente ante m{ Notano Pablico
eny por &l condado antes citado

aquen doyfede conocer yme consta que es/son

Ia persana descrita y firmante del documento que precede
declarando ante m{ que otorga el mismo para los fines y
propbaitos que en 8 se expresan

Notary Public (Notano Piiblico)

CERTIFICADO NOTARIAL (INDIVIDUO)

CERTIFICADO NOTARIAL (SOCIEDAD)

Bsbingtiidosde donricicor

Estmiode {u

Gandadeds

Hoy 23 de Marzo de1<2000 comparecit

Susan Margaret Evans aquen conozcoy de
quien me consta que firmo el anterior documento, y quien
debidamente juramentado declard y dijo que él es
Director, Jefe de Marcas
Aktiebolag
la compaiiia nombrada en el documento, que antecede, una
socieded debidamente organizada y existente conforme a las
leyesdedBissxioniy Suecia

domiciliada en la ciudad de

Sodertalje, oossudaisisx Suecia,
Bstecinudex

VRMTIAINA y legalmente constitufda para un periodo de
duracidn que adn no ha determmado que el declarante estd
autorizadn por dicha Compafifs para confenr este poder que el
sello estampado por & al pie de tal poder en nombre y en
representacion de |a expresada Compaiia es el sello oficial de
ella y que el objeto para &l cual se confiere este mstrumento
estd comprendido dentro del de la sociedad

El susento Notano ha visto los Estatutos de mncorporacin

e —
con ue

la leguslacién de dicho Esud mdbn
:ou;mmhdlu prueba suficiente d:Qua los hechos g0 ;‘_!“"
ella versa son ciertos o verdaderas @hcun{ﬂlb
Notary Public (Notario Pﬂblmo') +’ L

¢ o

-

@ <

de AstraZeneca

¥Rstminex

F.
r g
r

NOTARIAL CERTIFICATE (INDIVIDUAL)

United States of Amenca
State of {u

Countyof

Onthis  dayof personally
appeared before me lNotlryPuhhc in and for the above
mentioned county

to me known to be the person descnibed in and who
exscuted the foregomg document, and who duly acknowledged
to me that executed same for the uses and purposes

therein expressed

NOTARIAL CERTIFICATE (INDIVIDUAL)

United States of Amenica
Stateof {n
County of

Onths  dayof 19 personally '
appeared before me, a Notary Public, m and for the above
mentioned county

to me known to be the person described inand who
executed the foregomg document and who duly acknowledged
tome that executed same for the uses and purposes
therein expressed

NOTARIAL CERTIFICATE (CORPORATION)

U ISRt XREREEX

Sxacxuic {u

Onthis 23 'é‘nyom of 2000 fx personally
meelmown Mmﬁ%mwmmm
foregoing instrument who being by me duly sworn dud depose

and say that he s the
DIRECTOR, HEAD OF TRADE MARKS
of AstraZeneca

Aktiebolag

the company named within a
a Corporation organized and exisun® »nder the laws of tasx
Smteyfx Sweden Titet Staineak
Xooeekx, domiciled at the Cityof Sod talje, Sweden

xCountynt Aintxuf
ISR IONGRYE, and legally con.t .uted for a penod of
tenure not yet expired that the deponént L. authorized by said
Company to confer this power of atto. 3y that the seal affixed
hereunto by the deponent in the nam: =d on behalf of said
Corporution Is the corporate seal ther ! and that the purpose
for which thus instrument is granted 4 mncluded within the
corporate purposes of the Company
“\\“ o l/p,

The undem;ned thlry Pyhllc]u.l nmﬁe articles of
Incarporation of nldCoqunubnmcutednt o

dateof -y
and hereby certifies thal;under the laws of said State the
foregoing nclmcwledm

ig-sufficlent proch that the facts
theremn contained are tri he attests ":

N




UNITED KINGDOM OF CREAT BRITAIN AND NORTHERN IRELAND

Nne  D617801 .
Date 15 May, 2000 B 3 Ii
& i
Azark
This document bears i iy ;‘i z By
the signature / seal of Y - ; iggg
' ;!!

—

lor Her Majesty s Principal Secretary of State
For Foreign and Commonwealth Affaiwrs

L 9
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TRATADO DE COOPERACION DE PATENTES

PCT I
REPORTE DE BUSQUEDA INTERNACIONAL

(PCT Articulo 18 y Reglas 43 y 44)

Regustro de referencia del sohcitamz o agente | PARA FUTURAS ver Nonfleacion o Transrmsién del Reporte de Basqueda Internacional
ACCIONES (Forma PCT/(SA/220) aai como, donde aplique, el fiem S & continuacién

100001 1 WO
[ Solicilud mtcmacional No. Fecha de regastro micrnacianal (dia/mes/afio) Fecha de Priandad (Pnimem) (dia/mes/aio)
PCT/SE 01/00707 30/03/01 04/0400
Solicitante

AstraZeneca AB

Este Reporte de Bisqueda Internacional ha sido preparado por esta Autordad de Bisqueda Internacional y es transmitido al soliciisnte
Segim el Articulo 18 Uns copia serd tranamitida g In Oficina Internacional

Ente Reporte de Bisqueda Internacional consta de un total de __5_ hops
@ Tambatn esth acompafiado de una copia de cada documento ticnico anienor ciiado en sate reporte

1 inudequnm

a Respecto al lenguaje 1a bisqueda intemagional s¢ llevd a cabo segiin 1a solicitud intemnacional en el lengugje en ¢ cual se presentd,
2 menos que se mdique de otro modo en este {tem.

|a bdsqueda wternacional se llevd a cabo segiin b tradueeitn de La solicitud mtemacianal proporcionada & cata
Autoridad (Regla 23 1(b))

b Respecto & una secuencia de deldo nucledtide y/eo amine revelado en la solicrtud miernacionsl In bdsqueds mtemacional
s¢ (levd o eabo segiin la lista da la secuencu

contenido e In sohcytud mternacional en forma escnta.

preseniads junto con la solicyiud internacional en forma legible por conpuiador

proporcignada subsiguientemente a esta Autondad en forma escrita

proparcionada submguicntements a exts Autonidad en forma legble por computador

sz ha proporcionada la afirmacién de que ef listndo de secuencias escnito proporcionsdo submguentements no va mis alld de la
revelacién en la solicitud mtemnacional segiin se presentd

se ha proportianado Ia afirmuacidn de que la informacidn registrada en formn legnble por computador es idénhca sl hstado de la
BCCUCNCI escTita

Clertas relvindicacionss no pudieron locaBzarse {Ver Recuadro I).
Falta unidad de lnvenclén (ver Recuadro IT)

OXx O O0O000

4 al tiulo
Bl texto es aprobado sogiin lo presenta el solicimnts
Esta Autondad ha establecido que el texto s lea asl

5 Respecto al resumen
El t=xtq ¢y sprobado segiin lo presenta el soltcitante
Ests Autortdad ha establecido el texto de acuerda ean i Norma 38 2(b), scgin aparece en ¢l Recuadro Il El sobeiiante puede, un
mes después de 1n fecha de haber enviado por cormeo este reporte de bdaqueda mtemacional presentar comentanos & esta Autondad

6 La figura de los dibujos que se publicari con ¢l resumen e la Figura No =
D como lo supnd el solicitante D Nmnguna de Ins figuras.

porque el solicitante no suginéd una figurs
porque esta figum camcienza mejor a la invencién




REPORTE DE BUSQUEDA INTERNACIONAL | Solciud Inemacional No.
PCT/SE01/00707

Casilia 1 Observaciones donde clertas reivindicaciones fueron Inescrutables (Contlnuacién del Item 1 de
Ia primera hoja)

Este nforme de bisqueda mternacional no ha sido establecido respecto a ciertas rewvindicaciones bajo el
Articulo 17(2)(a) por lns sigwentes razones

1 E Rewvindicactones Nos 15 17
porque se relacionan con un asunto que no es necesario que esta Autondad busque a saber

ver hoja siguiente

2 D Rervindicaciones Nos

3 [] Revindicaciones No

porque son rervindicactones dependientes y no cstin diseiladas de acuerdo con la segunda y tercera
)

Casilla I1 Observaclones donde falta unidad de invenclén (Continuacién del Item 2 de Ia primera hoja)

Esta Autonidad de Biisqueda Internacional encontrd invenciones miltiples en esta solicitud mternacional, asf

1 D Puesto que todos los derechos de bisqueda adicionales requendos fueron pagados oportunamente por
el solicitante este informe de bilsqueda internacional cubre todas las rervindicaciones inveshgables.

2 D Puesto que todas las reivindicaciones mmvestigables pudieron mvestigarse sin esfuerzo que justifique
derechos adicionsles, esta Autoridad no solscitd pago de derechos adicionales

3 D Puesto que s6lo algunos de los derechos de bisqueda adicionales fueron pagados oportunamente pox el
solicitante, este informe de busqueda internacional cubre wicamente aquellas reivindicaciones para
las cuales se pagaron derechos especificamente las rervindicaciones Nos

4 Dﬂmlmlmmplgoopommnmelosdne:hudebﬁlquednldlcmh!requmdu Por
consiguiente este informe de bisqueda intemacional se restnnge a la pnmera mvencién mencionads

en las rervindicaciones estd cubierto por las reivindicaciones Nos

Comentano sobre Protesta D Los derechos de bisqueda adicionales estuvieron acompaiflados por la protests
del solicitante

D El pago de los dereches de biisqueda adicionales no estuvo acompeilado por una
protesta

Forma PCT/ISA/210 (continuacién de la pnmera hoja(1)) (Jubio 1995)



REPORTE DE BUSQUEDA INTERNACIONAL ;g?;gg;lég;g; °

Casilla Il TEXTO DEL RESUMEN (Contmuacion del 1tem 5 de Ia primers hoja)

Las revindicaciones 15 17 se relaciona con métodos de tratanuento del cuerpo humano o ammal mediante crrugia
o terapia/métodos de diagnéstico practicados sobre el cuerpo lmmano o ammal/Regla 39 1 (iv) No obstante se
realizo una bisqueda para estas rervindicaciones La bnisqueda se ha basado en los efectos alegados de los
compucatos/composiciones

Forma PCT/ISA/210 (continuacidn de la prumera hoja(2) (Juhio 1998)
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Soliertud Internacional Na. v
REPORTE DE BUSQUEDA INTERNACIONAL

— PCT/SE 01/00707
A CLASIFICACION DE MATERIA
IPC7 CO7D 40106 COTD 40506 CO7D 409/06, COTD 211/68 AGIK 31/4523 AGIP 25/04, ASIP 2500

| Segiin Ia Clawficacidn de Patentes Iniernacional {CPI) o segin la clanficacién nacional y Is CPI

B CAMPOS BUSCADOS

Documentacién mimima buscada (sistema de clamificscién seguida de simbolos da clanficacion)
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WO 958/28278 PCT/SES7/02050

NOVEL COMPOUNDS WITH ANALGESIC EFFECT
Field of the invention

The present invention 1s related to novel compounds to a process for their preparation,
their use and pharmaceutical compositions compnising the novel compounds The novel
compounds are useful 1n therapy and 1n particular for the treatment of pain

Background and poor art

The 5 receptor bas been idennhfied as having a role 1n many bodily funchons such as
circulatory and pam systems Ligands for the § receptor may therefore find potential use as
analgesics, and/or as antthypertensive agents Ligands for the & receptor have also been
shown to possess immunomodulatory activihes

The 1dennfication of at least three different populations of opioid receptors (i1, 8 and x) 15
now well established and all three are apparent 1n both central and peripheral nervous
systems of many species including man Analgesia has been observed 1n vanous ammal
models when one or more of these receptors has been actuvated

With few exceptions, currently avalable selecuve opioid 8 higands are peptidic 1n nature
and are unsuitable for admmustration by systemic routes Some non-pephdic § antagomsts
have been avalable for some time (see Tekemon and Portoghese, 1992 Ann. Rev
Pharmacol Tox 32 239-269 for review) These compounds e g naltnndole suffer from
rather poor (1e < 10-fold) selectivaty for the & receptor vs | receptor binding and exhibit
no analgesic activity a fact which underscores the need for the development of highly
selective non-pepudic 5 Ligands
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Thus, the problem underlying the presentinvention was to find new compounds having
mmproved analgesic effects but also with an improved side-effect profile over corrent it

agonists and potential oral efficacy
Analgesics that have been 1dentified and are existing in the prior art have many

disadvantages such as that they suffer from poor pharmacokinetics and are not analgesic
when admumistered by systemic routes Also it has been documented that preferred

campounds, described within the prior art, show significant convulsive effects when
admanistered systemically

The problem mentioned above has been solved by developing novel compounds which
possess a piperiine ning with an exocyclic double bond, as will be described below

Outline of the mvention

The novel compounds according to the present inveation are defined by the general
formula ()

R R% )

wherein



13

WO 9828278 PCTEEITRNINS0

R! 15 selected from
’@IQS
hydrogen, a branched or straight C;-Cg alkyl C;-Cg alkenyl, C3-Cg cycloalkyl,

Cs-Clalkyl-cycloalkyl) wherew alkyl 15 C;-Cp alkyl and cycloalkyl 18 Gs-Cg cycloalkyl

Cs-C10 aryl, or beteroaryl baving from 5 to 10 atoms selected from any of C,S Nand O
wherein the aryl and heteroaryl may optionally and independently be substntuted by 1 or 2
substituents mdependently selected from any of hydrogen CHy —(CHz),CF3 halogen
—CONR’R* —COOR’ —COR® —(CHp),NR’R* —(CHy),CH3(CH,),SOR’R?,
—(CHz2),SO;R>, and —(CH2)p,SO;NR" wheresn R* and R® 15 each and mdependently as
defined for R® above and p1s 0 1or2,

(C1-Cz alky){Cs-Cio aryl) or (C1-C3 alkyl)heteroaryl the heteroaryl moieties having
from Sto 10 atoms selected from any of C, S N and O, and where the aryl or heteroaryl
may ophionaily and independently be substituted by 1 or 2 substituents mndependently
selected from any of hydrogea CHy —(CHp)CF3 halogen —CONR'R* —COOR®,

—COR® —(CH)NR'R® —(CH)(CH3(CH)SOR’R* —(CH)SO;R°
—(CH2)¢SO;NR® and —(CH2),OR ", whereun R* and R” 18 each and independently as
defined for R! above and g 180, 1 or2 and

R Al
T Ay A

wherein R'® R!® R?? R?! R2 R? R?* and R 15 each and independently hydrogen

C,-Cs alkyl or Cj-Cg alkenyl
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R? and R? 15 each and mdependently hydrogen or Cj-Cg alkyl,

A 15 selected from
5
RW R12
LN N—-g |!| z
b . \ﬂ/ T2
2! 4 4
14 H'IB
By @
T
2' . Z' and
Q
z1

10
wheren R®, R® R™ R, R'2, R R R" R'® and R'7 15 each and independently as
defined for R® above, and wherein the phenyl ring of each A substituent may be optionally
and independeatly substituted at any posthion of the pheayl nng by 1 or 2 substituents 2
and Z which are each and mdependently selected from hydrogen CHy —(CH;)CF3

15 balogen —CONR®R’ —COOR6 —CORS, —(CH)NR®R” —(CH,), CH3(CH,),SOR®,
—(CH,),SO;R® and —(CH2),SO;NR®R” wherein R® and R” 15 each and independently as
defined for R! above and 1150, 1 or2

Q 13 C5-Cg hydroaryl or heterohydroaromatic having 5 or 6 atoms selected from anyone of
» G S§,Nand O Cs-Cg cykioalkyl, or heterocycloalkyl having $ or 6 atoms selected from
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anyonc of C N Oand S and where each Q may optionally be substituted by a substituent
Z' and 22 as defined shove,

B 13 a substituted or unsubstituted aromatic, heteroaromatic, hydroaromanc or
heterohydroaromatic mosety having from 5 to 10 atoms selected from any of C S Nand O
optionally and independently substituted by 1 or 2 substituents independently selected from

hydrogen, CH; —(CHz)(CF halogen —(CH2XCONR'R® —(CHaZNR'R?,
—(CHz:COR®, —(CH)COOR’, —OR® —(CH2)SOR® —(CH2%SOR® and
—(CHXSO.NRR* wheren R* and R® 15 each and independently as defined for R!
above andt150,1 2or3 and

R* and R? 15 cach and mdependently as defined for R! sbove.

Withun the scope of the imnvention are also pharmaceutically acceptable salts of the
compounds of the formula (I) as well as 1somers hydrates isoforms and prodrugs thereof

Preferred compounds according to the invention are campounds of the formula (T)
wherein

R"
I
N

R N—g
g g
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R'® E—Z 1 Lz
g R
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wherein R® R%,R'? R!!, R!2 R® R™ R!® R'® 2nd R 15 cach and mdependently as
defined for R! above, and wheremn the phenyl nng of each A substituent may be optionally
and mndependently substituted at any position of the phenyl nng by 1 or 2 subshments Z
and Z” whuch are each and mdependently selected from hydrogen, CHy, —(CHz)CFs,
halogen,—CONR®R? —COOR®, —COR® —(CHy)NR®R? —(CH),CH3(CHy), SORS,
—(CHy),SO;R® and —(CH2),SO;NRR” wheremn RS and R” 1 each and indepeadently a3
defined for R! above and r150 | ar2

Q 15 selected from morpholine, pipendine and pyrrohdine

R! R* and R® 15 each and independently selected from hydrogen, a branched or strmght
C}-Cy alkyl, C3-Cs cycloalkyl, Cy-Cs (alkyl-cycloalkyl) wheremn alkyl 1s C;-C; alkyl and

cycloalkyl 15 C3-Cg cycloalkyl Cg-Cjp aryl, and heteroaryl having from 5 to 6 atoms
selected from any of C S, N and O; and where the aryl or heteroaryl may optionally and
mdependeatly be substiated by 1 or 2 substituents independently selected from any of

hydrogen CHs —(CH;),CF3 halogen —CONR’R*, —COOR® —COR®,
—(CHpNR'R® —(CH2),CH3(CH),SOR’R* —(CH2),SOR® and
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—(('.:I-lg,)l,SOZNR5 wheremn R"andl?..suem:hnnclmdepenclc:nl.lyasdeﬁnedfou'l!l above
andp1s0 lor2

)

B 13 selected from phsnyl’nnphthyl. mdolyl, benzofuranyl dihydrobenzofuranyl
benzothiophenyl pynyl furanyl quuaolinyl, 1soquinolinyl cyclohexyl cyclohexenyl
eyclopentyl cyclopentenyl indanyl, indeay), tetrahydronaphthyl, tetrahydroquinyl,
tetrahydroisoquinolinyl, tetrahydrofuranyl, pyrrohdinyl and indazolmyl

each optionally and independently substituted by 1 or 2 submtuents mdependently
sclected from hydrogen CHs, CF3 haloges, zi\CHz)qCO R —(CH)NRR?

—(CH)qCOR® —(CHy),CO:R mdcoy G ;D
wherein q1s 0 or § andwhmmn‘mdnsmnsdeﬁnedabove

R2 and R?' 15 each and independently hydrogen or methyl

Especially preferred compounds according to the invention are compounds of the formula
(D) wherein

Ails

wherein Rs and R’ are both ethyl and where the phenyl nng optionally and independently
may be substituted at any position of the phenyl nng by 1 or 2 subsumentszl and Z
which are each and indepeadently selected from hydrogen CHs, —(CHz)CF3 halogea,
—coNR®R” —c00R® —COR® —(CHy)NR®R” —(CHy),CH3(CH;)SOR®
—(CH3),S0;R® and —(CH,),SO;NR°R’ wherein R® and R” 15 each and mdependently as
defined for R! above and 150 1 or2



R! 13 selected from hydrogen, methyl, ethyl —CH;CH=CH; —CHa-cyclopropy!
—CHy—aryl or CHy—heteroaryl, the heteroaryl moieties having from 5 to 6 atoms
selected from any of C,S N and O

B 15 selected from phenyl, naphthyl, indolyl, benzofuranyl dihydrobenzofurany!
benzothiopheny! furanyl, quinolinyl, 1soquinolinyl cyclohexyl, cyclohexeayl cyclopentyl
cyclopentenyl indanyl, indenyl, tetrahydronaphthyl, tetrabydroquinyl,
tetrahydroisoquinolinyl, tetrahydrofuranyl, and indazolmyl, each optionally and
independently substtuted by 1 or 2 substitucnts independently selected from

hydrogen CHa CF3, balogen, —(CHz)qCONR’R* —(CH)qNR’R* —(CHz),COR’
—(CHp),CO2R’, and—OR?, wherein q 13 0 or 1 and wheremn R* and R* are as defined

above

R? and R? 15 each and mdependeatly hydrogen or methyl

The substituents A and B respectively may optionally be substituted at any position of the
nng.

By “halogen™ we mean chiloro, fluoro, bromo and iodo.

By “aryl we mean an aromatic ning having from 6 to 10 carbon atoms such as phenyl and
naphtyl.

By “heteroary]” we mean an aromahic ring i which one or more of the from 5-10 atoms in
the ning are elements other than carbon suchas N S and O

By “hydroaromatic” we mean & partly or fully saturated aromatic nng structure having 5-10
carbon atoms 1n the nng
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By “heterohydroaromatic we mean a partly or fully saturated aromatic nng structure 1n
whiach one or more of the 5-10 atoms 1n the nng are elements other than carbon, such as N,
SandO

By 1somers” we mean compounds of the formula () which differ by the position of their
functional group and/or orientation By “onentation we mean stercoisomers
diastereoisomers, regioisomers and enantiomers

By “1soforms” we mean compounds of the formula (T) which differ by their crystal lattice,
such as crystalline compound and amorphous compounds

By “prodrug  we mean pharmacologically acceptable denvatives e g esters and ammdes,
such that the resulting biotransformation product of the derzvative 13 the active drug. The
reference by Goodman and Gilmans, The Pharmacological basis of Therapentics 8th ed.,
McGraw-Hill, Int. Ed. 1992 ‘Biotransformation of Drugs, p 13-15, descnibing prodrugs

generally 18 hereby incorporated.

The novel compounds of the present invention are usefisl 1n therapy especially for the
treatment of vanous pain conditons such as chromc pain, scute pain, cancer pain, pan
caused by rheumatoid arthntis, migramne visceral pain etc Thus hist should however not be
mterpreted as exhaustive

Compounds of the invention are useful as immunomodulators especially for autoimmune
diseases, such as arthnts, for skin grafts organ transplants and similar surgical needs for
collagen diseases, vanious allergies, for use as anti-tumour agents and ant1 viral agents

Compounds of the invention are useful 1n disease states where degenerahon or dysfunction
of opioxd receptors 1s present or umphcated in that paradigm  This may involve the use of
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1sotopically labelled versions of the compounds of the invention 1n diagnostic techmiques
and 1maging applications such as positron emmssion tomography (PET)

Compounds of the invention are useful for the treatment of diarthoea, depression unnary
incontinence, vanious mental illnesses cough, lung oedema, vanous gastro-intestinal
disorders, spinal 1njury and drug addiction, including the treatment of alcohol, nicotine
opraid and other drug abuse and for disorders of the sympathetic nervous system for

example hypertension.

Compounds of the invention are useful as an analgesic agent for use during general
anzesthesia and momitored anaesthesia care Combinanons of agents with different

properties are often used to acineve a balance of effects needed to mamntain the anaesthetic
state (eg Amnesia, analgesia, muscle relaxation and sedation) Included 1n this
combination are mhaled anaesthetics hypnotica, anxiolytics, neuromuscular blockers and
opiouds.

The compounds of the present mmvention 1n 1sotopically labelled form are useful as a
diagnostic agent.

Also wathun the scope of the mnvention 1s the use of any of the compounds according to the
formula (T) above, for the manufacture of a medicament for the treatment of any of the
conditions discuased above.

A further aspect of the invention 1s a method for the treatment of a subject suffenng from
any of the conditzons discussed above, whereby an effective amount of a compound
according to the formula (I) above, 18 adminstered to a patient 1n need of such treatment.



WO 54/2827S PCT/SX9703050
11

Methods of preparation
The compounds of the present iaveation may be prepared as described in the following

SCHEME 1

o A B

B & .
R? R+ A B _muea

.2 T T ot e

N
R’ © N

© (®
Amon
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)
B X
| Suzuki |
Coupling
R 5 —— R2 3
N I
| B—Z R!

B (p) (0)
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As shown 1n SCHEME I & II above, compounds of the formula (I) above may be obtmned
by dehydration of hydroxy compounds (g) or () wherein R}, R R3, A and B are as

defined 1n formula (T) above. Subsequent dehydration of hydroxyl compounds (g) or (h)
wherein R! R R3 A and B are as defined 1n formula (I) may be performed without

solvents or 1n a solvent such as water, alcohols, esters, HMPA, dichloromethane, toluene,
ethers ketones carboxylic acids or in a solveat muxture in the presence of Brpnstedt or
Lewis acids such as sulphunic acid, hydrochlonc acid, tnfluoroacetic acid, alumintum
trachlonde, ZnCl2 or the like, or 1n the presence of metallic oxides such as AlO3 Cr203

Ti02, WO3 P20s5 or the like or in the presence of other dehydrating agents such as I,
dimethyl suifoxide KHSO4, CuSO4, phthalic anhydnde or the like

The substituents Rl R? and R3 and the substituents on A and B of compound (1), as
defined above may be modified by methods known in the art and exempified in the
literature see e g Protecting groups by Green, or Modern Synthetic Reactions by House,
which are well known to a person sklled in the art, after or duning the preparahon of (T)
from (g) and (h)

As shown the route a of SCHEME I, compounds of formula (g) as descnbed above, may
be obtawned by a reaction between a ketone of formula (c) wherein R! R and R3 are as
defined i formula (I) and a compound of fornujla (e) wherein A and B are as defined 1n
formula (T) and X 1s a suitable group such as H, Cl, Br, ] OSO2R or the ike

The reaction may be performed without solvents or in an organic solveat such as THF
toluene ethers, dumethylsulfoxide, or in solvent mixtures by treatment with an appropnate
metal such as magnesium, ithium, zinc, copper cenum or the hike or by treatment with a
metal halide such as Sml2 CrCl2 or the hike or by treatment with an organometallic agents
such as alkylmagnesium halides alkyllithium or the like.



16

Rl,RzlndR3lndrhesubsumtsonAlndBofeompound.s(g) as defined above may
be modified, by methods known 1n the art, after or dunng the organometallic reactions
(March, ], Advanced Organic Chenustry 4® B4, John Wiley & Sons, 1992)

Compounds of formula (c) and (¢) may be commercially available, or prepared by methods
known 1n the art (March, ] Advanced Organic Chemistry 4"'Ed..lohnW|1ey&Sons
1992)

As shown 1n route b of SCHEME I, compounds of formula (h) as described above, may
be obtained by a reaction between a ketone of formula (1) wheren R! R® and R3 and B
are a8 defined 1n formula (I), and an organometallic reagent of formula (j) wherein A 13 as
defined 11 formula (I) and M 1s an appropriate metal group such as magnesium, hithiam,
znc copper, cenum or the like. The reaction may be performed without solvents or 1n an
organic solvent such as THF toluene ethers, dimethylsilfoxide, or 1n solvent mixtures

As shown 1n route ¢ of SCHEME II, compounds of formula (h) may also be obtamed by
reactions among a carbonyl compound of formala (1), wherer R! R? and R3 are as
defined 1n formuls (T) and X 15 an appropnate leaving group such as C1 Br OH, OR, SR
NR2 N(OR )R or the hke and organometallic reagents of formnla (j) and (k), wherein A
and B are as defined in formula () and M 13 an appropriate metal group such as
magnesiom, lithm, zine, copper, cenum or the hke The reactions may be performed
without solvents or in solvents such as THF toluene ethers dimethyl formamude dioxane,
dumethylsulfoxide or 1n solvent mixtures.

R1, R? and R3 and the substitueats on A and B of compounds (h) as defined above, may
be modified, by methods known in the art and exemplfied 1n the lhterature, see e.g
Protecting groups by Green or Modern Synthetic Reacnonrs by House which are well
known to a person skilled 1n the art, after or duning the organometallic reactions
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Compounds of formula (1) (j), (k) and (I) may be commercially available or prepared by
methods known i the art (March J , Advanced Organic Chemistry, 4® Ed, John Wiley &
Sons 1992)

As shown 1n SCHEME III above, compounds of the formula (T) above, may be obtained
from the Suzuki couphng of vinyhic halide (0) (X= Br I) with a boronic acid, boronate
ester (p) 1n the presence of & base such as N&2CO3, K2COs, K3PO4, tnethylamme CsF
NaOH or alkoxides and palladium catalyst such as (PPhy)Pd,
Bis(dibenzylideneacetone)Pd(0), Pd on carbon with PPhy, Pd(T) species may also be used
as a catalyst including (PPhy),PdCl3,

1,4-Bis(diphenylphosphinobutans)palladium(IT) chlonde Palladium acetate
Bis(acetomtnle)palladium(Il) chlonde dichloro[l 1 -bis(diphenylphosphino)ferrocene])
palladium(IT) and pailadum acetate-tri(0-tolyl)phosphine wherein R' R R* A and B ere
as defined 1n formula () above The Suzuki coupling may be performed in toluene,
xylene, amisole, DMF THF alcohols ethers, water or mn a solvent mixture

Compounds or formula (p) where B 15 as defined 1n formula (T) and Z 1s B(OH), may be
commercially available or prepared from the hydrolysis of a boronate ester Compounds or
formula (p) where B 13 as defined 1n formula (I) and Z 15 B(OR) (R=Me Et) may be
prepared from the reaction of a compound of formula B-M and B(OR); where R=Me or Et,
and M 18 an appropriate metal group such as lithium or magnesium or the like
Compounds of formula (p) where B 13 as defined m formula (I) and Z 18 9-

borabicyclo[3 3 1]nonane (9-BBN) may be prepared from the reaction of an alk-1-yne with
borabicyclo[3 3 1]nonane.

The substituents R' R? R® and the substituents on A and B of compound (I) as defined

above, may be modified by methods known 1n the art and exemphfied i the literature, sce
e g Protecting groups by Green or Modern Synthenc Reacnons by House, which are well
known to a person sklled 1n the art, after or dunng the preparation of (I) from (o) and (p)
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As shown 1n SCHEME Il compounds of formula (o) wherein X 15 Br or I, may be
prepared from the halogenation and elimmation of an alkene of formula (n) wheremn R' R?
R* and A are as defined in formula (T) The halogenation may be performed 1 a solvent
such as dichloromethane chloroform, carbon tetrachlonde, dichloroethane, or acetic acad
using molecular bromine or iodine as halogenation agent. The subsequent elimination step
18 accomplished 1n a solvent such as water, alcohols, DMF or ethers using a base such as

sochum hydroxide potassium hydroxide, metal alkoxides or tnethylamine.

As shown 1n SCHEME I, compounds of formula (n), as described above, may be
prepared from the Withg reaction of a ketone of formula (c) where R' R? and R? are as
defined in formula (T) and a reagent of formnla (m) where A 13 as defined 1n formula (T)
and Y 1s an appropriate phosphonate or phosphomum salt. The Withg reaction may be
carmied out under a vanety of conditions known n the art and exemplified m the hiteratire
(March, ] Advanced Orgamic Chemistry 4 Ed. John Wiley & Souns, 1992)

Reagents of formula (c) and (m) may be commercially available or prepared by methods
known in the art (March, ] Advanced Organic Chemistry, 4 Ed. John Wiley & Sons,
1992)

As shown 1n SCHEME [V above, compounds of formula (u) may be obtamned by
dehydration of hydroxy compound () wheremn R',R* R’ R'2.R" and B arc as defined

above Dehydmtion step may be performed wathout solvent or in a solvent such as water
alcohols, esters HMPA, dichloromethane, toluene, ethers ketones, carboxylic acids, orin a
solvent muxture 1n the presence of Bronstedt or Lewis acids such as sulfunc acid,
hydrochlonc acid, trifluoroacetic acid, alumumum trichloride, ZnCl or the ke or in the
presence of metallic oxides such as A1;03 CryO; TiOy, WO3 P20s or the like, or 1n the
presence of other dehydrating agents such as k, dimethylsulfoxide, KHSO, CuSos,
phthalic anhydnde or the like
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The substituents R',R? and R? and the substituent B of compound (u) as defined above may
be modified by methods known 1n the art and exemplified 1n the Iiterature sece g
Protecting Groups by Green or Modern Synthetic Reactions by House, which are well
known to a person sklled 1n the art, after or during the preparation of (u) from (t)

As shown in SCHEME 1V above, compounds of formula (t) may be obtained from
compound (s) wherein R',RLR3R" and B are as defined sbove using alkylation reaction
with alkyl halide such as Mel in presence of a base such as sodium hydroxide and a phase
transfer agent such as Bu/NHSO,. Compounds of formula (s) may be prepared by a
reaction between a ketone of formula (r) wherein R'.R*R* R" are as defined above and an
organometallic reagent of formula (k) wherein B 12 defined 1n formula () and M 1 an
appropniate metal group such as magnesium, ithum, zinc copper cenum, or the hke The
reaction may be performed without solveat or in solvents such as THF toluene, ethers,
dimethylformamide, dioxane dimethylsufoxide, or in solvent mixtures

The subshtuents R*,R%R* R" of compound (s) as defined above may be modufied by
methods known in the ert and exemplified 1n the literature, see ¢ g Protecting Groups by
Green, or Modern Synthetic Reactions by House which are well known to a person skilled
in the art, after or duning the preparation of (s) from (r) and (k)

As shown in SCHEME IV, a compound of formula (r) may be obtamned by reactions among
a carbonyl compound of formula (I) wheremn R' R? and R? are as defined 1n formula (T) and
X 15 an appropnate leaving group such as C1 Br, OH OR, SR, NRz; N(OR")R or the liks
and organometallic reagent obtained by first base treatment such as NeH on compound (q)
wherein R'? 15 as defined above followed by subsequent transmetallahon using alkyl
bthwum such as Buh The reaction may be performed 1n solvents such as THF toluene
cthers, dimethylformamide dioxage, or wn solvent mixtures The substituents R' R?,R> R"
of compound (r) as defined above may be modified by methods known 1n the art and
exemplified 1n the hiterature, see e g Protecting Groups by Green or Modern Synthenc
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Reactions by House, which are well knowt: to a person skilled in the art, after or dunng the
preparation of (r) from (q) and (1)

As shown 1n SCHEME IV compounds of formula (q) may be obtained by acylation of 4-
10doanihine using either acylanhydnde or acylchlonde 1n an organic solvent such as
dichloromethane The substituent R' of compound (q) 15 as defined above

The invention will now be described 1n more detaul by way of the following Examples
which are not to be construed as limuting the invention wn any way



WO sanm7s PCT/SESTR2050
21
A) ' eme for the p of the compounds of Examples |-
The compounds of Examples 1-7 were prepared by following the procedure as 1s shown 1n
Scheme 1 below
Scheme 1

OMs o

o
|
(o) N, NEL, N
CO,E\ ! Me lg o EI'
Ejj 1 Bo20 t Bull >

rii 2 Me{MeO)NH |\|¢
i i PrivigCl Boe |'q
1 Boc
(1) (2) @)
(0] 0
NEY, NEt,
Ar TEA *Ar |
OH
Aty
N N
) |
Boc H
Ar= 1-naphthyl (4) Ara Pheny! (6) Exampla 1
Ar= 2 g-dimethyiphenyl (5) Ar= 1-naphthyl, (7) Bxample 2
Ar=2 6-dimethyiphenyl (8) Example 3
(o]
NEL,
Ar
——8x o |
N Ar=Ph R=PhCH2 (10) Example &
I Ar= Ph R= cyclopropyimethyl (12) Example 7
R Ar= Ph R=2,3-epoxyipropy! (11) Example 68

Ar= 1 naphthyl R=allyl (9) Example 4
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A muxture of ethyl 1sonipecotate (compound 1) (4 71 g, 30 0 mmol) di-tert-butyl
dicarbonate (6.55 g, 30 0 mmol) and Na,CO, (4 77 g, 45 mmol) m H,0-THF (90/10 mL)
was refluxed for 2h The reaction muxture was extracted with ethyl acetate (150 mL) The
organic layer was washed with brine, dried over MgSO, Removal of solvents gave N-t-

butoxylcarbonyl ethyl 1sompecotate (7 67 g)

&y (400 MHz, CDCl;) 1 25 (t, J=7 2 Hz, 3H) 145 (s SH) 1 62 (m, 2H), 1 87 (m, 2H),
243 (m, 1H) 2 84 (m, 2H) 4 02 (m, 2H) 4 13 (q J=7 2 Hz, 2H) &c.13 (100 MHz, CDCl,)
8:14.0,278 282,409 429 602 79.2,1544 1742

The above N-t-butoxylcarbonyl ethyl 1sompecotate was dissolved n dry THF (60 mL) and
muixed with NHMe(OMe) HCl (4.39 g 45 0 mmol) The mixture was treated with 1-
PrMgCl (2.0 M in THF 45 ml, 90 mmot) at -20 C and the resulting solution was stirred for
1 br at -5 °C and then quenched with aqueous NH,CI solution and extracted with ethyl
acetate (2 % 100 mL) The combined organic layers were washed with brine, dned over
MgSO, Removal of solvents gave N-t-butoxylcarbonyl N -methyl-N -methoxyl-
1sompecotamude (compound 2) (8 0 g, 98%)

8y (400 MHz, CDCl,) 1.30 (s 9H) 1 54 (m, 4H) 2 65 (m, 3H) 302 (s 3H) 3 56 (s, 3H)
399 (brs, 2H) 8¢5 (100 MHz, CDCly) § 277,281 320,378 431,613 791 1544
176 0
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To a solution of 4-10do-N,N-diethylbenzamde (9 09 g, 30 0 mmol) and TMEDA (696 g
60 0 mmol) 1n dry THF (60 mL) was added t-butyllitham 350 mL, 1 7M 60 0 mmol) at
-78°C After 30 min, N-t-butoxylcarbonyl N -methy]l-N’-methoxyl-1sonrpecotamide
(compound 2) (8 0 g, 29 4 mmol) 1n THF (10 mL) was dropwise added. The reaction
mxture was warmed to r t. and then quenched with aqueous NH,Cl solution, neutralized
with hydrochlonc acid (concentrated, 20 mL) atC and extracted with ethyl acetate (2 x
100 mL) The combined organic layers were washed with brine dried over MgSQ,
Removal of solvents gave a crude product, which was purified by sihica gel column eluting
with MeOH-CH,Cl; (2 98) to provide 4-(4 -N N -diethylaminocarbonylbenzoyl)-N-t-
butoxylcarbonylpipenidine (compoand 3) (3 15 g, 28 %)

54 (400 MHz CDCl,) 108 (brs 3H) 123 (brs 3H) 143 (s 9H) 161 (m, 2H) 180 (m,
2H) 2 89 (m, 2H) 3 20 (brs, 2H) 3 40 (m, 1H) 3 53 (brs 2H), 4 11 (brs, 2H) 744 (d,
J=8 0 Hz, 2H) 7 94 (d, }=8 0 Hz, 2H)

To a solution of 1-bromonaphthalene (0.52 g, 2 5 mmol) 1n dry THF (10 mL) was added n-
butyllithsjum (1 1 mL, 2 5 M, 2.75 mmol) at-78°C After 30 mun 4-(4 -N N -
diethylaminocarbonylbenzoyl)-N-t-butoxylcarbonylpipendine (compound 3) (776 mg, 2 0
mmol) 1 THF (2 mL) was dropwise added. The reaction mixture was warmed to r t. and
then quenched wath aqueous NH,Cl solution and extracted with ethyl acetate (2 x 50 mL)
The combined organic layers were washed with brine, dned over MgSO, Removal of
solvents gave a crude product, which was purified by silica gel column eluting with
MeOH-CH,Cl; (05 995 —3 95) to provide 4-(0-hydroxyl-ce-(4-N-t-



butoxylcarbonylpipendinyl)-a-(1-naphthyl)-methyl)-N,N-dicthylbenzanude (compound 4)
(760 mg, 74 %)

mp 121-124 °C (CH.Cl,)

Vaae (KBr) cm * 3402, 2960 1685 1626, 1425, 1283, 1160;

Anal Caled.for CnHN;Os 0 50H,0- C,73 11, H 786 N, 5.33

Found. C, 72 86 H, 7 64, N, 5 26, 8y (400 MHz, CDCl,) 1 03 (brs, 3H) 1 16 (brs 3H)
1 18-1.35 (m, 3H) 195 (m, 1H) 2.60 (m, 2H), 2.75 (brs, 2H) 3 15 (brs, 2H) 3.42 (brs
2H), 4 10 (brs, 2H), 7 10-7 50 (m, 7H), 7 75 (m, 3H), 8.27 (brs 1H) 3¢5 (100 MHz,
CDClL) 5:128 141 271 272,284 392,433 454,793 804,1241 1249 1252
1253 126.0, 127.3 1288 1292, 1314 1350, 1352 1394 1465 1546 1710

Method as described for compund 4, except using 2-bromo-m-xylene (749 mg, 76 %)

mp 92-96°C (CH;Cly)

Ve (KBr) cm * 3451 2970 1690, 1631, 1425 1165

Anal Calcd.for CyoHgN;Oy 0 S0H,0- C, 71 54, H, 8.61, N, 5.56

Found. C 7170-H 834,N 562 5,(400 MHz, CDCl,) 1 10 (brs 3H) 1.21 (brs 3H)
132 (m, 2H) 143 (s 9H) 169 (m, 1H) 177 (m, 1H) 232 (s, 6H) 2.47 (s 1H) 275 (m,
3H) 3 25 (brs, 2H), 3 51 (brs, 2H), 4 13 (brs 2H), 6 91 (m, 2H) 7 00 (m, 1H), 7.26 (d,
J=8 4 Hz, 2H), 7 39 (d, J=8 4 Hz, 2H), &c.13 (100 MHz, CDCl) 5: 126 140 250 277
282,391 429,431 44.4 533,791,830,1258 1263 127.2 1312 1353,1367,
1429 1478 154.5 170.7
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To a solution of 4-(x-hydroxyl-a-(4-N-t-butoxylcarbonylpipenidinyl)-benzyl)-N,N-
drethylbenzamide (932 mg 2 0 mmol) m dry dichloromethane (10 mL) was added
tnfluoroacetic acid (10 0 mL) at r t. The reachion muxture was stured for 16 hatrt. and
then condensed. The residue was dissolved 1n AcOEt (100 ml) The resulting solution was
washed with 1 N NaOH solution, aqueous NH,Cl solution and brine dnied over MgSO,
Removal of solvents gave a crude product, which was punfied by silica gel column eluting
with MeOH-CH,Cl; (20 80) to provade (-phenyl-a-(4-N N’-
diethylaminacarbonylphenyl))-4-methylene-prpendine compound 6) (632 mg 91 %)

5 (400 MEz, CDCly) 1 08 (brs 3H) 117 (brs 3H) 2.29 (m, 4H) 2 86 (m, 4H) 2 94 (bes,
1H) 3.24 (brs, 2H), 3.47 (brs, 2H), 7 09 (m, 4H) 7 15 (m, 1H) 7 24 (m, 4H), 8c.13 (100
MHz, CDCly) § 126 141 32.7 32.8 391,432 479 1260 1264 1279 1296, 1349
1354 1359 1417 1432 1711

HCl salt. mp 110-120 °C(AcOEt Ether-CH;Cl,)

Vaax (KBr) cm ' 3440 2970 1617 1438, 1289

Anal Calcd.for CpyHzN;0 10 HCI 0 50CH;Cl;. 025H,0- C, 6535 H,712 N 649
Found C 6514, H 708 N 655

Method as descnibed for Example 1 using compound 4,(226 mg 71 %)

m.p 80-85 °C (MeOH-CH,Cl,)
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Vaax (KBr) cm * 3052, 2970, 1628 1431, 1286

Anal Caled.for CyHyoN,0 020CH,C), C,7862 H,737 N 6.74

Found C 78 63 H,707,N 6.54, 8y (400 MHz, CDCly) 1 06 (brs, 3H), 1 16 (brs, 3H)
200 (m, 2H) 2 53 (m, 2H) 2 64 (brs, NH), 2 77 (m, 2H), 2.97 (m, 2H) 3 20 (brs, 2H),

3 47 (brs, 2H) 7 26 (m, SH) 7 43 (m, 3H) 7 74 (m, 2H), 8 0 (m, 1H) 8¢ 13 (100 MHz,
CDCly) 8. 128 141 326,335 391 43.2,479 482 1255 1257 1258 1261 1271

1272,1291 1319 1325 1338 1351,1383 1398 1426 1711

Method as described for Example 1 using compound 5 (242 mg, 30 %)

Its HCl salt. Dec 2 115 °C (AcOEt-Bther-CH,Cl,)

Ve (KBr) cm ! 2970 2725, 1590 1464, 1290 1101

Anal Calcd.for CysHyN;0 10HC1 0 SOCH,Cl, 0 SH,0 C,6594,H,760 N 6.03
Found. C 6598 H,737,N 58l.

A mixture of (a-(1-Naphthyl)-a-(4-N’ N’ -diethylamnocarbonylphenyl))-4-methylene-
pipendine (compound 7) (125 mg) allyl bronude (90 mg) and X,CO, (138 mg) 1n MeCN
(10 mL) was strred for 14 hratrt. and then quenched with 1 N NH,OH solution,
extracted with AcOEt (100 mi) The organic phase was washed wath aqueous NH,Cl
solution and bnne dned over MgSO, Removal of solvents gave a crude product, which
was punfied by silica gel column eluting with MeOH-CH,Cl; (2  98) to provide (a-(1-



i3

WO 5828278 PCT/SESTN2050

paphthyl)-o(4-N N -diethylaminocarbonylphenyl))-4-methylene-N-allylpipenridine (50 mg
36 %)

By (400 MHz, CDCl,) 1 08 (brs, 3H) 1 19 (brs, 3H) 2 08 (m, 2H) 2 39 (m, 2H) 2.61 (m,
4H) 301 (m, 2H) 3 24 (brs 2H) 3 52 (brs, 2H) 5 13 (m, 2H) 590 (m, 1H), 727 (m.
SH) 7 45 (m, 3H) 7 80 (m, 2H) 8 04 (m, 1H), 8c.13 (100 MEz CDCL) 5 128 141 309,
320 391 432,547,54.9,615,1178,1254 1256 1258 1260 1271 1282 1291
131 8,132 4,1337,1350 1380 1398 1426 1711

Its HCl salt. mp 110-120 °C (AcOEt-Ether-CH,Cly)

Voux (KBr) cm ! 3416, 2961 1620, 1430, 1288

Anal Caled.for CyqHsN,O 10 HCL 0.50CH;Cl, 025H,0 C,7017 H 705 N 537
Found. C 7015 H,692 N 524

Method as described for Example 4 using compound 6 and benzy] brorude (215 mg, 98
%)

o (400 MHz, CDCl,) 1 09 (brs 3H), 1 19 (brs 3H), 2 37 (m, 4H) 247 (m, 4H) 3 25 (brs
2H), 3 50 (brs 4H), 7 0-7 30 (m, 14 H) 8¢.13 (100 MHz, CDCl;) § 127,140 316,39 1
431 549 550 628 1259 1262 1268 1278 1280 1289 1296, 1297 1349 1350
1363 1382 1419 1433,1710

Its HCI salt. mp 230-245 °C (AcOBt-Ether-CH,Cl,),

Vimex (KBr) cm ! 3423, 2976 1624 1434 1288

Anal Calcd.for CyoH,N,0 1 0 HCI 025CH,Cl; 025H,0°C 7255 H 725 N 559
Found C,72.38,H,716 N 550
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Method as described for Example 4 using compound 6 and embromohydnin (102 mg 84
%)

8, (400 MHz CDCl,) 1 10 (brs 3H) 120 (brs 3H) 2 28 (m, 1H) 2.39 (m, 4H) 245 (m,
1H) 2.54 (m, 2H), 2 61 (m, 2H) 2.74 (m, 2H) 3 09 (m, 1H) 3 26 (brs, 2H) 3 50 (brs,
2H) 7 10 (m, 4H) 7 15 (m, 1H) 7 25 (m, 4H) 8¢c.13 (100 MHz CDCl;) 5: 128 141 314
391,432,449,501 555 608,1260, 1264, 1279 1296, 1297 1350 1353 1357
1418 1432 1711

Method as descnibed for Example 4 using compound 6 and cyclopropylmethyl chionde
(104 mg 86 %)

5y (400 MHz, CDCl;) 0 20 (m, 2H), 0 59 (m, 2H) 1 04 (m, 1H) 1 14 (brs, 3H) 124 (brs,
3H), 2 48 (d, J=6.4 Hz, 2H), 2 56 (brs, 4H) 2.80 (brs, 4H) 3 29 (brs 2H) 3.53 (brs, 2H)
7 14 (m, 4H) 7 22 (m, 1H) 7 27 (m, 4H), 8¢.;3 (100 MHz, CDCl,) 5:4 18,73 128 141
303,392 432 543 627 1262,1266 1280 1295,1296,1341 1353 1363 1415
1429 1710

Its HCI salt. Dec 2 100 "C(AcOEt-Ether-CH;Cly)

Vaex (KBr) cm ! 3027, 2359 1620 1439 958,

Anal Caled.for CpyHaN,0 10 HCI 0 50CHCl; 075H;0-C 6673,H,764 N 566
Found C 6660 H,745 N 578
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ThecompmndofExampleSwupxepuedbyfollwmgthepmcedmumahownm
Scheme 2 below

Scheme 2
OMe
@f\ JCHL =,
t-Bula n-BulLi
N N
Boc Boc

Boc
(14) (15)
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To a solution of 2,3-benzofuran (295 mg, 2 5 mmol) 1n dry THF (10 mL) was added t-
butyllithwm (1 SmL 17 M, 2 5 mmol) at -78 °C. After 30 mun N-t-butoxylcarbonyl N-
methyl-N-methoxyl-isonipecotamude (544 mg 2 0 rumol) 1n THF (2 mL) was dropwise
added. the reaction nmuxture was warmed to r t. and then quenched with aqueous NH,Cl
solution and extracted with ethyl acetate (2 X 50 mL) The combined organtc layers were
washed with brine, dned over MgSO, Removal of solvents gave a cruds product, which
was purified by ailica gel column eluting with MeOH-CH;Cl; (S  95) to provide 4-(2-
benzofuroyl)-N-t-butoxylcarbonylpperidine (13) (456 mg 69 %)

5y (400 MHz, CDCly) 1 46 (s 9H) 175 (m, 2H) 191 (m, 2H), 2 91 (m, 2H) 3 37 (m,
1H) 4 20 (brs 2H), 7.29 (m, 1H) 7 46 (m, 1H) 753 (s 1H) 7 56 (m, 1H) 7 69 (m, 1H) &
c13 (100 MHz, CDCL) § 278,283 431 44.4 795 1123 1129 1231 1238 1269
1282 1518 1545 1555 1928

Method as described for compound 4 using 4-10do-N,N-diethyibenzamide (425 mg 61
%)

mp 102-106 °C (CH,Clp)

Vaex (KBr) cm ! 3362 2970 1690 1617, 1425 1288 1160; 8y (400 MHz, CDCly) 1 06
(brs 3H) 1.20 (brs 3H) 124 (m, 2H) 146 (m 11 H) 2 42 (m, 1H) 2 58 (brs, 2H) 320
(brs 2H) 3.50 (brs 2H) 4 05 (brs 2H), 437 (s 1H) 670 (s, 1H), 7 16 (m, 2H), 7.23 (d,
J=8 0 Hz, 2H) 741 (d, ]=7 6 Hz, 1H) 747 (d, J=7 6 Hz, 1H) 7 58 (d, J=8 O Hz, 2H) 8¢.;3
(100 MHz, CDCly) § 126 139 25.5 263 282 390 431 44.9 773 790 1033

1109 1206 1225 1235 1256,1258 1279 1353 1440 1544 1545 1605 1709
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Moethod as descnibed for Example 1, using compound 14 (135 mg 88 %)

8y (400 MHz, CDCly) 1 20 (brs 3H), 1 24 (brs 3H) 2 36 (brs 2H) 3 00 (brs 4H), 3 15
(bes, 2H) 3 33 (brs 2H) 3 56 (brs, 2H) 4 45 (brs, 1H) 625 (s, 1H), 724 (m, 4H), 7 41
(m, 4H) &¢.)3 (100 MHz, CDCl;) 8 12.9 142 296 320,324,393,434 472 1074
1110,1207 1227,1242 1260 1265 1282,1299,1361 1395, 1405 1544, 156.2
1710

Its HCl salt: Dec 2 120 °C(AcOEt-Ether-CH,Cl,),
Ve (KBf) cm ! 2977 2801, 1586 1449 1257
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The compounds of Examples 9 and 10 were prepared by followng the procedure of
s Scheme 3 below

Scheme 9
X X
-0 0
I
ﬁ-)

N N

| | \

H Boc Boc
X=F (16) X=F (19) X=F (20)
X=CL (17) X=Cl, (19) X=Q, (1)

(o]
X
NEt,
>

A muxture of 4-(4-fluorobenzoyl)piperidine hydrochloride (compound 16) (2.44 g, 100
mmol) Di-tert-butyl dicarbonate (2.18 g 10 0 mmol) and Na,CO, (1 59 g 15 mmol) 1n
1s H20-THF (50/5 mL) was refluxed for 1h. The reachon muxture was extracted with ethyl
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acetate (2 X 100 mL) The combined organic layers were washed with brine, dnied over
MgSO, Removal of solvents gave 4-(4-fluorobenzoyl)-N-t-butoxylcarbonylpipenidine (OB
701-31 228 g, 74 %)

mp 80-83 °C (CH.Cly)

Veax (KBr) cm ' 2080 2842 1680 1587 1416 1160,

8y (400 MHz, CDCl,) 1 44 (s, 9H), 1 69 (m, 2H) 179 (m, 2H) 2 87 (m, 2H) 3 34 (m,
1H) 4 13 (brs, 2H) 7 12 (m, 2H) 795 (m, 2H) 8c.13 (100 MHz, CDCly) § 274 28 4
432 434 796,1158 1159,1308,1309 1322, 154 6, 164.4 1669 200.4

Method as described for compound 18 usmg compound 17 (123 g 85 %)

mp 122-125 °C (CH,Cl)

Veax (KBr) cm ! 2970, 2842, 1680 1582 1420 1200

Oy (400 MHz, CDCl,) 1.47(s, 9H) 1 69 (m, 2H) 1 81 (m, 2H) 2 90 (m, 2H) 3 36 (m, 1H)
418 (brs, 2H) 7 44 (m, 2H) 7 88 (m, 2H), 8c.;3 (100 MHz, CDCly) § 283 284,432,
434 796 1290 1296 1341 1394 154 6,2007

Method as described for compound 4 using compound 18 and 4-10do-N,N-
diethylbenzamide (454 mg 47 %)

mp 84-86 °C (CH,Cl,)

Vau (KBr) cm ! 3421 2970 1685 1612 1430 1288 1165

81(400 MHz CDCly) 1 13 (brs, 3H) 123 (brs 3H) 132 (m, 4H) 144 (s 9H) 248 (m
1H) 2 68 (brs, 2H) 3 26 (brs 2H) 3 54 (brs 2H) 3 57 (s 1H) 4 11 (brs, 2H), 6 96 (m
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2H) 7 27 (d, J=8 0 Hz, 2H), 7 44 (m, 2H), 7 47 (d, J=8 0 Hz, 2H), &¢.;3 (100 MHz, CDCly)
8129 140 262 282,391 432,436 443 789 791,1145,1147,1257 1261
1275 1276,1350,1412,1469 1545 1600 1625 1709

Method as described for compound 4, using compound 19 and 4-10do-N,N-
diethylbenzamide (626 mg 63 %)

m.p 100-105 °C (CH,Cly),

Vmax (KBr) cm ' 3411 2970 1685, 1617 1425 1288 1165, 1092

8y (400 MHz, CDCl;) 1 08 (brs, 3H), 1 20 (brs 3H), 1 33 (m, 4H), 1.41 (s, 9H) 2.44 (m,
1H), 2 63 (brs, 2H) 3.22 (brs, 2H), 3.49 (brs 2H), 399 (s 1H) 4.05 (m, 2H) 7.20 (m,
4H) 7.39 (d, J=8 0 Hz, 2H), 7 44 (d, J=8 0 Hz, 2H) &¢.;3(100 MHz, CDCly) & 12.5, 139
259,281,390,430 441 787,790 1256,1260 1272 1278,1319 1348 144.1
146.6 1543 1707

Method as described for Example 1 (compound 6) using compound 20

'H-NMR (400 MHz CDCl3) 8 1 12 (3 H, br m, CH3CHz-) 124 (3 H, br m, CH3CHz-)
232 (4H m, pipendine CH-) 2 54 (1 H, brm, NH) 291 (4 H m. pipenidine CH-) 327
(2H brm, CHaN-) 3.52(2H, brm, CH2N-) 700(2H m AciD) 709 (2 H, m, As}]),
7112 H d,7=80Hz, AdD, 729 2H d,J=80Hz, AtH)
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Method as described for Example 1 (compound 6) using compound 21

TH-NMR (400 MHz, CDCl3) 8 1 13 (3 H, br m, CH3CHy-), 122 (3 H, br m, CH3CHy),
202 (1 H, br m, NEHD, 2.30 (4 H, m, pipendine CH-), 2 90 (4 H, m, piperidine CH-) 3.28 (2
H, br m, CHzN-) 3.53 (2 H, brm, CHyN-) 704 2 H, d, /= 8.0 Hz, AdD, 7 11 @ H. d, J
=80Hz Af) 725 2H,d, /=8 0Hz, AfD) 730 2 H, d,J=80Hz, A}

Its HCl salt. m.p 115-120°C (H20-CH2Clp),

IR (KBr) 3337 2973 1618, 1431, 1290 1092 cm |

Anal. Caled. for Cz3Hy7CIN,O 1 0HCL1.20HsO C, 62 64%, H, 695% N 6 35%,
Found. C, 62.53%, H, 691% N, 6 30%
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4-(a-hydroxy-o-(4-N-allylpiperidinyl)-benzyl)-N.N-diethylbenzamide compound 24)
(81mg) was dissolved 1n CH;Cl; (10 ml) and was treated wath thionyl chlonide (2 ml) at
rt. The reaction mixture was refluxed for 2 hrs and then condensed. The residue was
dissolved 1n ethyl acetate (50 mL) and the resulting solution was washed with NH,OH (1
N) aqueous NH,Cl solution and brine, dnied over MgSO, Removal of solvents gave a
crude product, which was punfied by silica gel column elutmg with MeOH-CH,Cl, (1 99
- 5 95) to provide (-phenyl-a-(4-N',N -dicthylaminocarbonylphenyl))-4-methylene-N-
allylpipendine (compound 25 Example 11)

(32 mg 40 %)

8y (400 MHz, CDCly) 1 12 (brs, 3H), 1 21 (brs 3H), 2.43 (m, 4H), 2 55 (m, 4H) 3 08 (d,
J=6 8 Hz, 2H) 3 25 (brs, 2H) 3 53 (brs, 2H) 5 18 (m, 2H) 5 86 (m, 1H) 7 12 (m, 4H),
720 (m, 1H), 7.27 (m, 4H)

Its HCl salt: m.p. 85-95 °C (AcOEt-CH,Cl,),

Vauz (KBr) cm * 3491 2971, 1624, 1428, 1289 1096

Anal Calcd for CyHuNaO HC1 025H,0 0.25CH,Cl, C,6995,H,760 N 621
Found C, 7000;H, 773 N 607
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Ph
(26)

Method as descnibed for Example 4, using compound 23 (96 mg) and benzyl bromude (43 mg)
provided N,N-diethyl-4-(4-chlorophenyl-N-benzyl-pipenidin-4-yhidene-methyl)-benzamude (110
mg, 93%)

'H-NMR (400 MHz, CDCl13) § 1 13 (3 H, br m, CH3CH;-), 1.23 (3 H, br m, CH;CH;) 237 (4 H,
m, pipenidine CH-) 2 49 (4 H, m, pipendine CH-) 3.28 (2 H, br m, CHyCH;N-) 353 (4 H brm,
PhCH,N and CH,CH;N-) 704 (2H,d, J=80Hz, AtH) 711 2H d,J=80Hz Arf}D 725(2
H,d,J=80Hz, AtH) 729 (7H, m, AFD

Its (CHOHCO,H), salt. m p 100-110 °C (McOH),

IR (KBr) 3368 2977 1728 1603 1433 1290, 1087 cm’
Anal.Caled for C3HyyCIN,0; 1.50H,0 C, 6281%,H, 651% N 431%
Found. C 6285% H,617%,N 421%
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Method as descnibed for example 4 using 1-Bromo-3-methyl-2-butene as the alkylating
reagent.

IR (NaCl Film) HCl salt v =3432, 2976 1623 1434 cm!

'H NMR. (Base) (CDCly TMS) 8 110~1.30 (6H, br OCNCH;CHy 164 (3H. s,
=CCHy) 173 (3H, s =CCHy), 2.40 (4H, m, NCH,CH,) 2 52 (4H, m, =CCH,) 3 0 (2H, d,
J=7 6Hz, NCH;CH=C), 3 20~3 60 (4H, br, OCNCH;CH;) 528 (1H, m, NCH;CH=C),
7 16~7.45(9H m, Ar)ppm

ANALYSIS (%) Anal Calcd.for CasHyN;O 1 8HCI C 6974 H,790-N 581
Found. C,6971,H 748,N,558
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(28)

A mixture of compouand 6 (100 mg, 029 mmol) cyclohexanons (36 ul 035 mmol) and
Ti(OPr-1) (0 17 ml 0 58 mmol) was ultrasonicated for 1 hr and then stirred at rt overnight
under a nitrogen atmosphere. The muxture was diluted with ethano] (5 ml) and followed by
addition of NaBH, (33 mg, 87 mmol) The resulting muxture was stured for 12 hr at rt. 2N
NH3.H20 was added to quench the reaction and the muxture filtered through celite. The
filtrate was extracted with ethyl acetate several tmes and the combmmed orgamic phases
washed with water and brine, and dned over NaSO,. Concentration 1n yscuo and MPLC
punfication (0 100 to 1000 EtOAc Heptane cluting on mical gel 60) gave the title

compound (24 mg, 20%)

mp (HC] salt) 105-109 °C
IR (HCl salt, film) v 3394 (NH) 1620 (CONEt)cm |

'H NMR (frec amune 400 MHz, CDCl) & 1 00-1 25 (17H, m, NCHCH;CH,CH,CH.CH;
» 2xCH; and CH(CH)C=C) 1 60 (1H, m, CH(CH)C=C), 1 75 (IH, m CH(CH)C=C), 1 80
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(1H, m, CH(CH)C=C) 230 (3H m, NC}]; and NCID 2.60 (2H, m, NCHp) 3 20 (2H, bs
NCH:CHs), 3 50 (2H, bs, NCH;CHs), 7 00-7 30 (SH, m, Ap)

BC NMR (free amine 100 MHz, CDCly) & 12.7 141 259 287 320 391 432, 507
508,636 1260 1263 1279 1297 1298 1347 1349 1369 1420 1434 1712

Elemental analysis Calcd.for CagHeoN20Cl; C, 6917, H, 801, N 556 Found. C 6917 H,
782 N 518

(29)

Method as descnibed for Example 4 using 1-Iodobutane as the alkylating reagent.
IR (NaCl Film) (HC] salt) v =3430 2967 2499, 1622, 1433cm !

'H NMR. (CDCl; TMS) 8§ 092 (3H, t, J<72Hz CH;CH;) 110~126 (6H br

OCNCH:CH,) 132 (2H, m, CH2CH3), 153 2H m CH2CH2CH2) 242 (6H, m,
NCH2) 255 (4H, m, =CCH2), 3 20~3 60 (4H, br OCNCH;CH,) 710~731 (5H m,
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Afppm. ANALYSIS (%) AnalCalcd.for  CzHigN:OeHCle0 4CH;Cls0 4H;0 C
6824 H,807 N 581 Found. C,6824,H 812,N, 589

OMe

Method as described for Example 4, using compound 6 (174 mg) and 4-methoxybenzyl chlonde
(78 mg) provided N,N-diethyl-4-[(N-4-methoxybenzyl)-phenyl-pipenidin-4-yhdene-methyl]-
benzamide (160 mg, 68 %)

'H-NMR (400 MHz, CDCl13) § 1 11 (3 H, br CH3sCH,N-), 1.20 (3 H, br, CH;CH;N-), 2.38 (4 H
m, CCH,C) 2.46 (4 H, m, NCHx), 326 (2 H, m, NCHy) 347 (2H, s, CHN-) 3492 H br
CH,CHaN-) 3 77 (3H, s, OCLLy), 6 83 (2H, d, 7= 8 0 Hz, ArH) 705-7.30 (11 H, m, A}

Its HCl salt: m.p 100-110°C (CH2Cl2)

IR (KBr) 3425 2974, 1618 1515 1434 1255cm’,

Anal.Calcdfor Cy,HagN,0; 1 0HC1 0.35CH,Cl, C, 7041% H 711%, N, 5 24%,
Found. C, 70 46%, H,710% N 521%
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Method as described for Example 4, using compound 6 (174 mg) and a,2 4-trichlorotoluene(98
mg) provided N ,N-diethyl-4-[(N-2 4-dichlorobenzyl)-phenyl-pipendin-4-yhdene-methyl]-
benzamde (206 mg, 81 %)

'H-NMR (400 MHz, CDCl13) 51 12 (3 H br CH,CH,;N-) 121 (3 H, br CH,CH,N-) 239 (4 H
m, CCH,C) 252 (4 H m, NCHz-) 328 (2H m, NCH>-) 353 (2H, br CH,CH;N-) 3.572H
m, NCHy-) 705-7 48 (12 H m, AifD

Its HCl salt. mp 95-110°C (CH2C12)

IR (KBr) 3408 2976 1620 1472, 1436 1288 1101 cm’,

Anal. Calcd for CagHzgN,OCl, 1 OHC1 0 30CH;Cl; C, 6391% H 595% N 492%
Found. C, 63 81% H 603%,N 4 34%
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N,N-Diethyl-4-{(pipenidin-4-ylidene)-phenyl-methyl]-benzamide (0 34g 1 Ommol) was
disolved 1n acetonitrile (SmL) Potassium carbonate (0 14g 1 Ommol) and methyl 10dide
(63uL. 1 Ommol) was added with stiring at 25 °C, After 30 min the reaction mixture was
evaporated and put onto silica gel for punfication by chromatography using 0 to 10%
MeOH(10% NH,OH) 1n CHCl; to give 48 mg of the final product (28% of converted
starting matenal), which was converted to the hydrochlonde salt by treatment wath HCl in
other

Mp 110 °C (dec)

IR (KBr) (cm-1) 2361 1695, 1487 1289

MS(free amine) 362 318,219 189 165 144.

'HNMR (amune CDCl;) 8=1 1(m, 6H, amude-Me) 240 (s 3H, MeN), 249 2 60 (2m,
8H piperazine-H), 3.40 (m, 4H, amude-CH,) 7 08 -7 34 (m, 9H, Ar-H) CayHyoN;0x0 1
H,0 x3 1 HCY, requires C 6039 H703,N 587

Found C 6043 H684 N 545
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N
Boc / ®
(39)

To a solution of 4-j0do-N,N-dicthylbenzamde (1.52 g 5 0 mumol) and 8-bromoquinoline (10 g) n
dry THF (30 mL) was added n-butyllthrum (7 0 mL, 2.5 M, 17 5 mmol) at -78 C After 10 mun
N-t-butoxylcarbonyl ethyl 1sonipecotats (2) (077 g, 30 mmol) n THF (5 mL) was dropwise
added. The reachon mxture was warmed to "C, and then quenched with aqueous NH4Cl solution,
and extracted with ethyl acetate (2 x 100 mL) The combined orgamic Jayers were washed with
brine, dned over MgSO4. Removal of solvents gave a crude product, which was punfied by silica
gel column eluting with MeOH-CH2C12 (2 98) to MTL 0599 (145 mg 9 %)

mp 100-105°C,

IR (NaCl) 2971, 1686 1625, 1426, 1167 cm’,

Anal Caled for CyHyN;0,020H,0-C 7143% H 762%

Found. C, 7150 % H 775 %, '"H-NMR (400 MHz, CDCl3) 6 107 (3 H br, CH;CH,N-) 119
(3 H,br CH;CH N-) 124 (1 H, m, pripendine CH-) 143 (9 H s, CH,C) 165 (1 H, m, pipendine
CH-) 189 (2 H, m, prpenndine CH-) 252 (1 H m, pipendine CH-) 264 (1 H br pipendine CH-
) 278

(1 H br prpendine CH-) 322 (2 H br CH;CHaN-) 349 (2 H, br CH;CH;N-) 416 (2 H, br
pipendine CH-) 724 2H,d J=80Hz, ArH) 735(1H,dd, /=80 44 Hz AcH) 755(2H d,
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J=80Hz ArflD) 758(1H,d,J=80Hz Arl)) 771 (1H d,J=80Hz Arl],780(1 H,d,J=
80Hz, ArH),8 14(1 H,d, J=8 0Hz ArkD, 8 69 (1 H m, ArH), 9 80 (1H s, O]

N
|
H

(34)

d

A mixture of the compound of Example 19 (45 mg) tnfluoroacetic acid (10 mlL) and
tnfluoromethanesulforic acad (1 mL) was refluxed for 8 hrs , and then condensed. The residue was
dissolved 1n AcOEt (S0 ml) The resulting solution was wazshed with 1 N NaOH solution, aqueous
NH4C] solution and brme, dned over Na2SO4. Removal of solvents gave a crude product, which
was punfied by silica gel column eluting with NH4OH (IN)-MeOH-CH2Cl2 (25 175 80)to
provide N.N-diethyl-4-(8-qunolinyl-pipenidin-4-yhdenc-methyl)-benzamude (29 mg 84 %)

'H-NMR (400 MHz CDCl3) § 1 07 (3 H, br m, CHyCHy) 120 (3 H, br m, CH;CH;-), 200 2 H
m, pipeniding CH-), 2 46 (1H s NH) 252 (2H m, pipenidine CH-) 275 (1H m, pipendine CH-
), 292 (2 H, m, prpenidine CH-), 3 05 (1 H, m, pipendine CH-), 3 22 2 H, m, CH,N-), 349 (2 H,
m, CH,N-) 723 (2H m, Arl) 732 (2H, m, Atl) 736 (1 H, m, ArHD) 749 (2H, m, AtH) 772
(l1H dd,J=64 32Hz Atf) 811 (1 H dd,J=84 16Hz ArH),891 (1 H,dd, /=40 16Hz
AriD
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Its HCl salt m.p > 170 °C (Dec)

IR (KBr) 3410, 2973 1614 1551 1436 1284 cm’

Anal.Calcd for CyHuN;0 2 0HCl 0.50 CH,Cl; 075H,0 C 6023 %, H, 639 %
Found.C, 6027% H, 642 %

(35)
Method as for Example 19 using 3-bromoanisole provided the title compound (226 mg 23 )

mp 95-103°C,

IR (NaCl) 3422, 2973 1684, 1614 1429, 1289 cm '

Anal.Caled for CooHgN;050 60H,0 C 6864% H, 818% N 552%

Found. C 6866 % H,798 % N 564 % 'H-NMR (400 MHz, CDCl3) § 107 (3 H, br
CHsCH,N-) 119 (3 H. br, CHyCH,N-) 131 (4 H, m, pipendice CH-) 141 9 H s CHyC) 246
(1 H, m, pipendine CH-), 2 64 (2 H, br prpendine CH-) 322 (2 H, br CH;CH;N-) 349 2H br
CH,CH;N-) 365 (1H s OFD, 372 (3H 5 OCH,) 406 (2 H, br pipendine CH-) 669 (1 H m,
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AH) 701 (1H, d, /=76 Hz, AtH) 70811 H.s ArH) 717 (1H,d, /=80 Hz, AsE) 721 QH
d,J=80Hz Aif), 748 (2 H,d, /=8 0Hz AfD

(38)

Method as descnbed for Example 1 using the compound of Example 21 (100 mg) provided N,N-
drethyl-4-(3-methoxyphenyl-pipetidin-4-ylidene-methyl)-benzamide (75 mg 98 %)

'H-NMR (400 MHz, CDCl3) 5 1 12 (3 H. br, CHyCH:N-), 1 23 (3 H, br CH;CH;N-) 234 (4 H,
m, pipendine CH-), 2 91 (4 H, br, pipendine CE=) 3 17 (1H, s, NED, 3 27 (2 H, br, CH;CHaN-),
352 (2 H, br CH,CHN-), 3 76 (3H, s, OCHy) 6.64 (1 H s, Atl) 670 (1H, d, J = 8 0 Hz, ArHD
676 (1H,d, J =7 6 Hz, AtED, 7 15 (2 H, d, J =8 0 Hz, AcHl), 7.22 (1H, m, ArH]), 729 2 H, d, J =
8 0 Hz, ArH)

Its HCl salt. m.p >90°C (Dec) IR (NaCl) 2970 1621, 1430 1287 cm’,
Anal.Caled for CaHsoN:0: HCl1 1 70H,0 C, 6469% H 778% N 629 %
Found.C 6482% H,760%,N 608 %
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(37

Method as for Example 4 using the compound of Example 22 (38 mg) provided N,N-diethyl-4-
[(N-benzyl)-3-methoxyphenyl-piperidin-4-ylidene-methyl]-benzamide (46 mg 98 %)

'"H-NMR (400 MHz, CDC13) 31 12 (3 H br CH;CH;N-) 1.25 (3 H, br, CH;CHaN-), 238 (4 H,
m, prpendine CH-) 248 (4 H, br, pipendmne CH-) 327 (2 H, br CHyCH,N-), 352 (2H, s, Ph
CHoN) 3.53 (2 H, br, CHyGHyN-), 375 (3H, s,-OCHy), 6.65 (1 H 8, Ar}D) 669 (1H,d, J=
Hz, AdD) 6.74 (iH,d,J="7 6 Hz, Atfl) 713 2H d, /=80 Hz, Acf) 7 13-7.32 (8H m, A

Its HCl salt m p 100-110 °C (CH2Cl2),

IR (NaCl) 3421 2972, 1619 1430, 1287 cm’,

Anal.Calcd.for Cy HyeN,0,.HC1 0.40CH;Cl; C, 6996% H 707% N 520%
Found. C, 6994 %,H,706% N,515%
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be

(38)

Method as for Example 19 using 3-bromofluorobenzene provided the title compound (257 mg, 27
%)

'HNMR (400 MHz CDCI3) 5103 (3 H br CHsCHaN-) 115 (3 H, br CH,CH,N-) 1 19-129
(4 H, m, pipendine CH-), 135 (® H, s, CHsC) 239 (1 H m, pipendine CK-), 2.59 (2 H br,
ppendne CH-) 3 17 (2 H, br CHyCH;N-), 3.28 (1H, s, OFD 345 (2 H, br CH,CILN-) 402 2
H, br, pipendine CH-), 680 (1 H, m, ArlD 715 3 H m, AsH) 718 (2H, d, 7 = 80 Hz, AtH)
739 (2H,d, J=80 Hz, AtH)
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(39)

Method as for Example 20 using the compound of Example 24 (165 mg) provided N,N-Drethyl-4-
(3-fluorophenyl-pipendin-4-ylidene-methyl)-benzamide (108 mg, 87 %)

'H-NMR (400 MHz, CDCl3) 5 1 08 (3 H, br, CHsCH,N-) 119 (3 H, br CH;CHaN-), 2.09 (1H, s,
NED, 2.25 (4 H, m, pipendine CH-) 2 84 (4 H, br, pipendine CH-) 323 2 H br CH;CH;N-),
347 (2 H, br CH,;CH,N-) 674 (1 H m, ArlD 686 (2H, m, AsE) 706 (2 H, d J =80 Hz, ArE))
718(1H m ArH) 724 2H,d,J=80Hz, ArtlD

Its HCl salt. m.p > 70 °C (Dec)

IR (NaCl) 2978 1605, 1478 1432,1290cm'

Anal.Caled for CaHpyN;OFHCLO25 CH,CL 150 H;O- C 6189 % H, 704 % N 621 %
Found. C,6197% H,695% N 622 %
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21 Syntl :Neme 1ot the p Aratior £ MDA KAl A
The compound of Example 26 was prepared by following the procedure as 18 shown mn Scheme 5
below

Schema §

NH,  ag,0rcH,Cl NTCHS
O =22 07" w
{ |

1) NaH,0°C THF
n=Bull 78C

. 5
“Tj’ ol e

(41)

g—z

(43)
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To a solution of 4-Jodo-anthine (15 g, 69 mmol) in dry CH;Cl; (100 ml) was added acehc
anhydnde(14 09 g, 138 mmol) at room temperature, the reaction mixture was then stirred
for 2 hr The gray color precipitate formed during the reaction was filtered, washed wath
ether and collected, the mother solubon was concentrated to dryness and AcOEt was
added, the resultung precipitate was filtered, washed with ether and combined with the
previous solid as the desired product (15 95 g 88 7%)

'HNMR.(CDCl;)S 219 (3H, s, COCHy), 72 (1H, s br -NH) 7.23 (2H m, Ar) 761
(2H, m, Ar)

To a solution of 4 ~todo-acetanilide (11 7 g, 45 mmol) in dry THF (200 ml) was added
NaH (1 62g 67 5 mmol) at 0°C, the reaction mrxture was stirred for 30 mun while
temperature was warming up to room temperature, following by the slow addition of n-
BuLi (1 6 M 1n Heptane 54 mmol) at -78°C The muxture was stirred for 15 mun then N-t-
Butoxylcarbony! N'-methyl-N"methoxyl-isonspecotarmde(6 15 g, 30 mmol) in THF (10
ml) was added dropwise via synnge The reaction mixture was warmed up to r t. and then
quenched with aqueous NH,Cl solution, and extracted with ethyl acetate (2x100 ml) The
organic layer was washed with saturated (aq)NH,Cl, brine, drred over MgSO, and
concentrated to give a crude product, which was further punfied by silica gel column
chromatography using MeOH-CHzClz (0 100~ 35 95) to provide the desired product
(902 g 87%)

'HNMR (CDCls) § 147 (9H, s (CHs)s), 1 6-1 8 (4H, m, prpendine), 2 21 (3H, s

COCHjy) 29 (2H m, pipendine) 3 37 (1H m, COCH-) 4 15 (2H m, piperidine) 7 64
(2H m, Ar) 786 (1H s br CONED 791 (2H m, Ar)
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Method as descnibed for the preparation of compound 4 but substituting 3-fluoro-1-
1odobenzene for 1-bromonaphthalens to give the title compound. (93%)

‘HNMR (DMSO-Dg) § 1 2-13 (4H, m, pipendine) 137 (9H, s, (CHs)s) 20 (3H, s,
COCHj;) 2.65 (3H, br pipendine), 3 95 (2H, m, prpendine) 6 98 (1H, m, Ar) 7 21-7 50
(7H, m, Ar) 9 85 (IH, s, OC-NH)

To a 2M (ag)NaOH solution (10 ml), tetrabutylammonium hydrogen sulphate(1 35 g, 3 97
mmol) was added, followed by the addition of 4-(a-Hydroxy-c-(4-N-t-
butoxylcarbonylpiperidinyl)-3-fluorobenzylacetanihide (825 mg, 1 86 mmol) and methyl
1odide (769 mg 5 4 mmol) i 10ml of dichloromethane The reaction mixture was then
refluxed for 1 hr cooled down to rt. The dichloromethane layer was collected and
evaporated to ~1ml Ethyl acetate was added and the precipitate was filtered out. The
organic phase was washed with brine and dried over MgSO4 concentrated o give a sohd
which was further punfied by MPLC using MeOH-CHiCl; (5 95) as to gave the pure titled
compound (770 mg 93%)

'H NMR (CDCly) 8§ 1.2-1 5 (4H, m, prpendin) 142 (9H, s, (CHs)s), 1 83 (3H, 5,
COCHy) 252 (1H, m -CH-C-OH), 270 (2H m, pipendine) 2 86 (1H, s, br, -OH) 3 21
(3H s NCHy) 4 15 (2H, s br, pipenidine) 6 90 (1H, m, Ar) 7 12-7 60 (7TH, m, Ar)
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To a solution of N-methyl-4-(at-Hydroxy-a-(4-N-t-butoxylcarbonylpipenidinyl)-3-
fluorobenzyl) acetamlide (300 mg 0 657 mmol) in dry dichloromethane (5 mL) was added
tnfivoroacetic acid (5 0 mL) at r t. The reaction muxture was refluxed for 4 hr and then
condensed The residue was dissolved 1n AcOEt (50 ml) The resulting solution was
washed with2 N (aq)NaOH, (aq) NH4Cl and brine, dned over MgSO4. Removal of
solvents gave a crude product, which was punfied by MPLC eluting wath MeOH-CHClr-
NH,OH (5 95 1) to provide the pure product (176 mg 79%)

mp 235~237°Cdec

IR (NaCl Film) (HC! salt) v(max ) =2961 2722 2480, 1658 1608 1580 1507 1429
138icm !

'H NMR. (CDCl,) § 189 (3H, s, COCH,) 195 (1H, s -NH) 2 32(4H, m, piperazine)
292 (4H, m, piperazine) 3 26 (3H, s N-CHy) 6 81-7.28 (8H, m, Ar)

BC NMR.(CDCly) § 224 332 333 370 48.3 113 3(m, C-F) 116 5(m, C-F) 1254
1266 1295 1296 1309,1337,1377 1412 1428,1442, 161.3 1638 1704
ANALYSIS (%)

Anal.Calcd for Cy;HpN;FOSHCL C 6728 H, 645, N, 7.47 Found. C 6688 H, 644, N,
716

F) SYNthetic scheme for the DICDAMLIOL e cCompound SXAMDIE £}

The compound of Example 27 was prepared by following the procedure as 1s shown 1n Scheme 6

below
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mol) in 300 mL of dichloromethane were stured at 0 °C while triethylanune (133 g 132
mol) was added dropwise The muxture was allowed to warm to room temperature and was
stirred for 12 hrs The solvent was evaporated and the crude product was partitoned
between water (400 mL) and diethyl ether (400 mL) The aqueous phase was washed with
an additional portion of diethyl ether (400 mL) The combined ether was washed with
water (400 mL) and brine (400 mL) dned over MgSQy. Removal of solvent gave
compound 46 as a pale yellow solid. (353 g 85%)

(400 MHz CDCl13) 150 (s 9H) 245 (t,4H,J=61Hz) 372 (t, 4H J=6 1 Hz)

Methyl 4-(bromomethyl) benzoate (compound 47) (11 2 g 49 mmol) was dissolved 1n 25
mL tnmethyl phosphute and refluxed under N for 5 hrs. Excess timethy} phosphuts was
removed by co-distillation with toluene to give crude 4-(Dimethoxy-phosphorylmethyl)-
benzoic acid methyl ester (compound 48)

513(400 MHz CDCl3) 3 20 (d, 2, J=22 Hz) 3 68 (d, 3H 108 Hz) 378 (d, 3H 11 2 Hz)
391 (s 3H) 7 38 (m, 2H) 8 00 (d, 2H, J=8 Hz.

The crude product (compound 48) was dussolved 1n dry THF (200 mL) under N> and
cooled to -78 °C Lithwum dusopropylamude (32 7 mL 1 5 M 1n hexanes 49 mmol) was
added dropwise The solution was allowed to warm to room temperature A solution of
compound 46 (9 76 g 49 mmol 1n 100 mL dry THF) was added to the reaction dropwise
and was stitred under N for 12 hrs Water (300 mL) and ethyl acetate (300 mL) were
added to the reaction mixture and extracted. The aqueous phase was washed with ethyl
acetate (2 x 300 mL) The combined ethyl acetate was dned over MgSQOy and evaporated to
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give a crude product, which was punfied by silica gel chromatography (0-33% cthyl acetate
in hexanes) to provide compound 49 as & white solid (564 g 35%)

813(400 MHz, CDCl3) 1 44 (s, 1H) 2 31 (t, J=5 5 Hz 2H) 2.42 (t, J=5 5 Hz, 2H), 337 (&,
J=5 5 Hz, 2H) 3.48 (¢, J=5 5 Hz, 2H) 3 87(s, 3H) 633 (s, 1H) 720 (d /=67 Hz, 2H),
794 (d, J,=6 7 Hz, 2H) B8..13 (CDC13)283 292 3619 519, 1237, 1278, 1287 1294
1405 1421 1546 166 8 ppm. vmex (NaCl)cm™' 3424 2974 2855 1718 1 688, 1606
1427, 1362, 1276

Analysis calculated for C1gHosNOy C 68 86%, H7 60%, N 4.23% actual C 69 1%
H769% N4.25%

added K2CO3 (1 0 g) A bromine solution (29 g 18 mmeol in 30 mL DCM) was then added
dropwase at 0 °C and stured for 1.5 hrs at room temperature The K2CO3 was removed by
filtration and the solvent was evaporated to dryness The crude product was dissolved 1n
ethyl acetate (200 mL) and washed with water (200 mL) 0 5 M HC1 (200 mL) and brine
(200 mL) dned over MgSO4. The solvent was evaporated to give crude product which was
recrystallized from methanol to give compound S0 as a whate solid (6 07 g, 78%)

By (400 MHz CDCl3) 128 (s, 9H), 175 (m, 2H), 1 90 (m, 2H), 2 1 (m, 4H), 3 08 (br
4H), 390 (s 3H) 4.08 (br 4H) 5 14 (s, 1H) 7.57 (d, J=8 4 Hz, 2H) 7 98 (d, J=8.4 Hz,
2H) 813 (400 MHz, CDC13) 283,366,383 403 521 632,725 1290, 1303 1304
1419, 154 4, 166 3 ppm. vpax (NaCl1) cm’’ 3425,2969 1725 1669 1426 1365, 1279
1243

Analys:s calculated for CjoHasBrNO; V466 H 5 13% N2 85%
actual 46 64% H S 16% N289%
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To a solution of compound 50 (5 4g 11 mmol) n methanol (300 mL) at 40 °C was added
20 M NaOH (100 mL) The reaction was stirred for 3 hrs at 40 °C The crude salt was
ssolated by filtration The sohd was dned overnight en vacuo. The dry salt was dissolved 1n
40% acetontrile/water and the pH was adjusted to 2 using concentrated HC1 The desired
praduct (7) (3 8 g 87%) was 1solated as a white powder by filtration

By; (400 MHz, CDCl3) 1 45 (s 9H) 2 22 (dd, J=5.5 Hz, 6 1 Hz, 2H) 2 64 (dd J=5 5 Hz,
6 1 Hz, 2H) 3.34 (dd, J=5 5 Hz, 6 1 Hz, 2H) 3 54 (dd, J=5 5 Hz, 6 1 Hz, 2H) 7 35 (4,
J=67 Hz, 2H), 8 08 (d J=6 7 Hz, 2H) .13 (400 MHz CDCl3)28 3,31.5 342 440
1153 1287 1294 1302, 1377, 1452 1546 1703

Analysis calculated for CigHzBINOs C 54.56% H560% N 3.53% actual C 54 66%
H568% N3 59%

-20°C was added tso-butylchioroformate (450 mg 3 3 mmol) After 20 mn at -20°C
diethylamine (4 mL) was added and the reactvon was allowed to warm to room
temperature. After 1 5 hrs the solvent was evaporated and the reaction mixture was
parutioned between ethyl acetate and water The ethyl acetate was washed with water and
brine and dnied over MgSO4 and removed by evaporation. The crude product was punfied
byuhcagdchromnogrgphy(o-w%ethylncem:nhemm)mgwthepmdm
(compound 52) as white needles (800 mg 73%)

551(400 MHz CDC13) 1 13 (br 3H) 122 (br 3H) 144 (s 9H) 222 (t, J=5 5 Hz, 2H)
262 (t, J=55Hz 2H) 3 31 (1, J=5 5 Hz, 2H) 3 52 (1, J=5 5 Hz, 2H) 7 27 (d, J=7 9 Hz,
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2H) 733(d, J=79 Hz, 2H) &..13 (400 MHz, CDC13) 1271 1413,283,315 342,39 1,
432 797 1159 1263 1293 1368 1371 1406 1546, 170.5

Analysis calculated for CpoH33BrN2O3 C 58 3%, H 6 92% N6 21%, actual. C 58 62%
689%,621%

The Suzuki coupling of compound 52 with a vaniety of boronic acids and the subsequent
deprotection were performed on a small scale 1 parallel The reactions and hqud-hqud
extractions were carried out 1n 25 x 150 mm culture tubes The protocol for a typical
reaction 1s outhined below

To a soluton of compound 52 (25 mg, 57 wmol) and Tetrakis(triphenyl phosphine)
palladium(0) (5 mg, 4 3 pmol) 10 xylenes (degassed, 0.5 ml,) was added 3-Tnfluorophenyl
baronc acid (28 5 mg 150 umol) n ethanol (degassed 0 5 mL) followed by 150 uL of 2ZM
N22COj3 (aq) (300 pmol) The reaction was allowed to procede at 80 °C for 1 S hrs under
Ar The reaction was diluted with water (1 mL) and dicthyl ether (1 mL) and vortexed. The
organic phase was 1s0lated and evaparated to give a crude product (compound 9, Ar = 3-
Tnfluoromethylphenyl)

The Boc group was removed by treating the crude product with 1 mL of TFA. After 30
munutes at room temperature the TFA was evaporated to give the crude TFA salt. The salt
was neutralized with 1 M NH4OH(1 OM) and extracted into diethy] ether (2 x 1 mL) The
ether phase was acidified with 4 0 M HC1 1n dioxane (200 uL) and the HC1 galt was
extracted into water (2 x 1 mL) The agueous salt solution was washed with diethyl ether (2

<Y
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x 1 mL) and lyophilized to yield the product (compound 54 Ar = 3-
Tnfluoromethylphenyl) as a white powder (10 mg 39%)

1HNMR(CDCI;;)(ba.ll=)5l 11 (or 3H) 120 (br 3H) 2 26 (t, J=5 6 Hz, 2H),
s 231(t J=56Hz 2H) 2 88-291 (m, 4H) 3.27 (br 2H) 3.52 (br 2H) 7 10-7 47 (m *H)

Analysis calculated for Ca4H2gN2OF3Clx 1 80 H20 C, 5939 H 656,N 577,
Actual C 5939 H,590°N,577

v EXAMPLES 28-32
By following the same procedure as described for compound 54 of Example 27 but
substituting the respective boronic acids for 3-tnfluoromethylphenylboronic acid, the

following compounds were &lso prepared.

~ O,

N
H

(55)

1H NMR (CDC13) (base) 8 1 11 (br, 3H) 121 (br, 3H) 227-2 34 (m, 4H) 2.92(t,J=60
Hz, 4H) 3 26 (br 2H) 3 52 (br 2H) 7 10 (d, J=8.4 Hz, 2H) 7 31 (d, J=8.4 Hz, 2H) 7 40-
7 50 (m, 2H) 7 95-8 08 (m, 2H)
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¥ V-Lheth -{ 4-tQlUY1-DIDEIIC

p-toluylboromc acid was used

A

(56)
1H NMR (CDCI3) (base) 8 1 10 (br 3H), 1 19 (br 3H), 2.29 (s, 3H) 2.26-2.31 (m, 4H),
2.86-2.88 (m, 4H), 3 25 (br 2H) 3 49 (br, 2H), 6 95-7 28 (m, 8H)

(57
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1H NMR (CDC13) (base) 5 1 10 (br, 3H) 120 (br 3H), 2 28-2 33 (m, 4H) 289-292 (m
4H), 3 25 (br 2H) 3 50 (br, 2H) 7 08-7 79 (m, 8H) 995 (s 1H)

3-chloro-4-fluorophenylboronic actd was used.

0 KX,

N
H
(58)
0
1H NMR (CDC13) (base) & 1 10 (br, 3H) 120 (br, 3H) 2.26-2.30 (m, 4H) 2 86-2 91 (m,
4H), 3 25 (br 2H), 3.50 (br 2H) 6 93-7 30 (m, 7H)
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[} =1L7]1EL0 . 1-TIUOTODNENY]-DIE

4-fluorophenylboronic acid was used

N
H

(59)

1 HNMR (CDC13) (base) 8§ 1 11 (br 3H) 1 16 (br, 3H), 225 (5, 4H) 2 84 (s, 4H) 320 (br
2H) 3.47 (br 2H) 692 (m, 2H) 7 01 (m, 4H) 7 23 (d, J=8 8 Hz, 2H)

(60)
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1H NMR (CDCI3) (base) § 1 11 (br 3H) 115 (br 3H) 2.10(t, J=5 2 Hz, 2H) 2.27(t,
J=52 Hz, 2H) 2 83(m, 4K) 3 20 (br 2H), 3.45 (br 2H) 694-7 03 (m 3H), 7 10-7.23 (m,
SH)

A Diethyl-4-(2 4-dichlorophet DIpETIC
2 4-drchlorophenylboronic acrd was used.

(61)

1H NMR (DMSO) (HCl salt) § 1 07 (br 6H), 2 24 (t, 2H) 2.50 (¢ 2H) 3 10 (¢, 2H) 3 30
(t, 2H) 331 (br 2H), 3 43 (br 2H), 7.25 (d, J=8 4 Hz, 2H) 732 (d, J=8.4 Hz, 2H) 743
(d, J=8 0 Hz, 1H) 747 (d, J=8 0 Hz, 1H) 768 (s 1H) 920 (br 2H)




PCT/SESTR2050

‘WO 5828278

(62)

1H NMR (DMSO) (HC1 salt) § 1 03 (br, 6H) 2 36-2.38 (m, 4H), 3 0-3 2 (m, 4H), 3.2 (br
2H) 338 (br 2H), 719(s 1H),721(d,J=80Hz,2H) 729(d,J=80Hz, 2H) 749(s

2H) 9 10 (br, 2H)

Y V-Lhetnyi-4- Cotvipnenvi-ploerialn

3-acetylphenylboronic acid was used.

13

(63)



1H NMR (CDCI3) (base) 5 1 11 (br 3H) 120 (br 3H), 226 (t, J=5 6 Hz, 2H) 2.32(,
J=5 6 Hz, 2H) 255 (s, 3H) 2 92-2 88 (m, 4H), 3 26 (br 2H) 3 51 (br, 2H) 7 11 (d,
J=8 0 Hz, 2H) 729 (d, J=8 0 Hz, 2H) 729 (d, J=7.2 Hz, 1H) 737 (t, J=8 0 Hz, 1H)

s 770( 1H),7 79 (d, J=7 2Hz, 1H)

(64)

13 1HNMR (DMSO) (HCl salt) § 1 06 (br 3H) 108 (br 3H) 2 33 (br 2H) 2 41 (br, 2H)
3 12 (br 6H) 3 38 (br 2H), 7 24 (d J=7 6 Hz, 2H) 7 30(d, J=7 6 Hz, 2H) 7 84 (s, 2H)

800 (s,2H) 89 (br 2H)
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67
EXAMPLE 38§
V.-Diethvl-4-( 3-thiophenyi-pipend
3-thuopheaylhoronic acid was used.
E —
LN S
—
N
H
(65)

1 HNMR (DMSO) (HC1 salt) 5 1 10 (br 6H), 2 44 (t, 2H) 2.58 (¢, 2H) 3 10-3 15 (m, 4H)
321 (br 2H) 3 44 (br 2H), 686 (d, J=4 8 Hz 1H) 7 20 (d, J=8 0 Hz, 2H), 7.32 (d, /=8 0

Hz, 2H), 733 (s 1H), 7 52 (d, J=4 8 Hz, 1H)

EXAMPLE 39

V. [V-Laein -{ Z-th1ophenyi-piperain -4

2-thiophenylboronic acid was used.
Et.N \ N

X Z

is (68)
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1H NMR (CDCI3) (base) 5 1 12 (br 3H) 120 (br 3H) 224 (t, J=5.2 Hz, 2H) 2 50 (t
J=52 Hz, 2H) 2 85 (t, J=5 6 Hz, 2H) 292 (1, /=5 6 Hz, 2H) 3 27 (br 2H), 3 51 (br, 2H),

675(d J=36Hz, 1H) 693(t,J=36Hz, 1H) 7 16(d J=72 Hz, 2H) 721 (d, J=3 6 Hz,
1H) 730(d,J=72Hz, 2H)

4-methylthiophenylboromc acid was used

|

H
(67)

1HNMR (CDC13) (base) 8 1 11 (br 3H), 1.20 (br 3H) 2.32-2 75 (m, 4H) 2.45 (s, 3H)

290-2 87 (m, 4H) 3 26 (br 2H) 3.51 (br 2H), 701 (d. J=6 0 Hz, 2H), 7 10 (d, J=6 0 Hz,
2H) 7 15(d, J=6 8Hz, 2H) 7 27 (d, J=6 8 Hz, 2H)
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3-amunophenylboronic acid was used.

Et,N lNH'

N
H

(e8)
1H NMR (CDCI3) (base) 1 11 (br 3H), 1 20 (br 3H) 2 27-2 33 (m, 4H) 2 86-2 90 (m,
4H) 327 (br 2H), 3 51 (br 2H), 3 57 (br, 2H) 368 (s 1H) 639 (s, 1H) 652 (dd,J=16
Hz, /=7 6 Hz, 2H) 706 (t, J=80Hz, 1H), 712 (d, J=64 Hz, 2H) 726 (d, J=6 4 Hz,

10 2H)

Qg
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s 4-tnfluoromethylphenylboronic acid was used

e:,~|°"=

N
H
(69)
1H NMR (DMSO) (HCI salt) § 1.05 (br 6H) 235 (t, 2H) 2.40 (t, 2H), 3 09 (m, 6H),

10 335 (br 2H) 7 17 (d, J=8 0 Hz, 2H) 728 (d, J=8 0 Hz, 2H) 7 35 (d, J=8 0 Hz, 2H) 7 67
(d. J=8 0 Hz 2H) 871 (br 2H)
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4-methoxyphenylboronic acid was used

m.m

N
H

79)

1HNMR (CDCI3) (base) 8 1 12 (br 3H) 1 19 (br 3H) 229 (m, 4H) 2.87 (m, 4H) 327
(br 2ZH) 3.51 (br 2H) 3 77 (s, 3H) 6.80 (m, 2H) 7 00 (m, 2H), 7 10 (d, J=8.4 Hz, 2H)
10 726(d,J=84Hz)



3,4-dichlorophenylboronic acid was used.
0
I c
U
I cl

N
H
)

IH NMR (CDC13) (base) 8 1 12 (br 3H) 120 (br 3H) 228 (t, /=5 6 Hz, 4H), 2 89 (m,
4H), 327 (br 2H) 3.52 (br, 2H) 68-7 4 (m, 7H)
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1H NMR (CDCI3) (base) 5 1.05 (br, 3H) 1 16 (br, 3H), 1 95 (m, 2H), 2 35-2.41 (m, 2H),
2729 (m, 4H), 3 20 (br, 2H) 3 48 (br 2H), 7 2-7 6 (m, 8H)

m-tolylboromc acid was used.

Et,N Icﬂ,

N

H

(73)
1H NMR (CDCI3) (base) 3 1 11 (br 3H) 119 (br 3H) 228 (s 3H) 229 (m, 4H), 289
(m, 4H) 3 27 (br 2H), 3.51 (br 2H), 6 8-7 3 (m, 8H)
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74

(74)

1H NMR (CDC13) (base) 5 1 09 (br 3H), 1 18 (br, 3H), 2.10 (q J=4 8 Hz, 2H), 2.31 (g
J=48 Hz, 2H) 28-29 (m, 4H) 3 25 (br, 2H) 3 50 (br 2H) 368 (s 3H) 6 83-690 (m,
1o 2H),70(d, 1H) 7 15-7.25 (m, SH)
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3-formylphenylboronic acid was used.

N
H
(75)

1H NMR (CDC13) (base) 3 1 15 (br, 3H) 120 (br 3H), 2 26-2.34 (m, 4H), 2 90-2.92 (m,
4H) 328 (br 2H) 32 (br 2H) 7 11-7 31 (m, 8H) 9 96 (s, 1H)

2-naphtylboronic acid was used.

aelos

2z

(76)
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1H NMR (CDCI3) (base) 5 1 11 (br, 3H) 120 (br 3H) 2 35-2 39 (m, 4H) 2.91-2 96 (m,
4H) 327 (br 2H), 3 51 (br, 2H) 7 16-7 40 (m, SH) 7.42-7 44 (m, 2H) 7 57 (s, 1H), 7 72-
779 (m, 2H)

1H NMR (CDC13) (base) § 1 09 (br 3H), 1 18 (br 3H), 1 70-2 10 (m, 2H) 2 40-2.49 (m,
2H), 2.76-2 84 (m, 2H), 2 85-2 97 (m, 2H) 3.23 (br, 2H) 3.48 (br 2H), 7 13-7.40 (m, 6H)
7 53-7 55 (m, 1H), 7 90 (d, J=7 6 Hz,1H) 1027 (s, 1H)
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(78)
1H NMR (CDC13) (base) 8 1 11 (br, 3H), 1.20 (br 3H), 2 30-2 35 (m, 4H) 2.56 (s, 3H),
292 (m, 4H) 3 27 (br, 2H) 3 52 (br, 2H), 7 10-7 30 (m, 6H), 7 87 (d, J=7 2 Hz, 2H)
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1H NMR (CDCI3) (base) 5 1 11 (br 3H) 120 (br 3H) 226 (1, J=5 6 Hz, 2H) 2.31 (¢,
J=5 6 Hz, 2H), 2 88-2 91 (m, 4H), 3.27 (br 2H) 3.52 (br 2H), 7 10-7 47 (m, 8H)

(80)

L-Boc-Lyaine{Cbz) (0 38g, 1 Ommol) was dissolved 1n dry tetrahydrofuran (5SmL) under
mitrogen at -15 °C. N-Methylmorpholmns (0 11mL, 1 Ommol) then 1sobutyl chloroformate
(0 130, 1mmol) was added. After strring 10 munutes, N.N-Diethyl-4-(pheayl-pipendin-
4-yhdene-methyl)-bonzamide (compouad 6) (0.35g, 1 Ommol) was added 1n
tetrahydrofuran (1mL) and the temperature was allowed to nse to 25°C for 2h. The
reaction mixture was evaporated onto sihica gel MPLC on sihica gel (0 to 100% ethyl
acetate in heptane) gave 0 4g

The product (0 40g, 0 S6mmol) was dissolved 1n methyleae chlonde (10mL) and treated
with trifluoroacetic acid (3mL) for 30mun, then the volatiles were evaporated. The residue
was dissolved 1n acetic acid (25mL) and subjected to hydrogenolysis 1 5h wath hydrogen
(1atm) over palladium on carbon (10% 0 10g) The solvent was evaporated and the residue

punfied by chromatography on a short reverse phase (RP-18) column eluting with O to 30
% acetonitrile 1n water The free amine was extracted with 5% potassium carbonate/
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methylene chionde to give 123mg and thep treated with two equivalents of hydrochlonic
acyd :n methanol/ water Lyophilization gave the dibydrochlonde salt.

'H NMR. (free amme CD;OD) &= 10-17(m, 16H, amide-Me pipendine-H, lysine-H),
2.3-27 and 3 04 5 (m, 11H, amide-H, pipenidine-H, lysine-H),4 8 (s, 41, 2 NH) 7 10 -
7 50 (m, 9H, Ar-H) CxHN(O2 x2 4 H,0 x2 HCI, requires C.58 76 H.796,N 943
Found C 58 70 H.7.51 N9.33

oJ\o’\o-g-ou
OH

(81)
N,N-Diethyl-4-(phenyl-pipendin-4-ylidene-methyl)-benzamide (compound 6) (0 62g,
1 8mmol) was dissolved 1o methylene chlonde (10mL) and 1 8-bisdiaminonaphtalene
(0.42g, 2 Ommol) was added. The solubon was cooled to 0 °C and chloromethyl
chloroformate (0 25g, 2 Ommol) added dropwise in methylene chionde (1mL) After 2h at
25 °C, a further portion of first 1,8-bischamunonaphtalene (0 21g, 1 Ommol), then
chloromethyl chloroformate (0 12g,1 Ommol) was added After a total of 4 hours, the
solution was washed with 1 M HC] bnine and dned (MgSQy) and evaporation gave 0 62g.
The residne was dissolved mn toluene (25mL) sdver dibenzyiphosphate (0 81g 2 1mmol)
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was added and the muixture was heated 3h at 80 °C The soluton was filtered, then washed
with 5% potassium carbonate solution brine, dried (K2CO,) and evaporated MPLC on
sihica gel (0 to 100% ethyl scetate 1n heptane) gave 0 66g (0 96mmol 54%)

The rendue was dissolved 1n ethyl acetate (50mL) and subjected to hrydrogenolyss (1 atm
hydrogen) with palladurm on carbon (10% 0.3g) for 2h. After filtrahon and evaporation of
the solvent, the product was treated with two equivalents of sodmm hydroxide 1n methanol/
water Lyophilizahon gave the disodium salt of the product as a whate sold.

'H NMR. (D;0) 5=103, 120 (2m, 6H, amude-Me) 2 34 (m, 4H pipendine-H), 3 19-
3 61 (m, 8H, amde-CHa, pipendine-H) 5 44 (d, Ja13Hz, 2H, OCH,0), 7 18-7.36 (m, SH
Ar-H)

Compounds 80 and 81 respectively are stutable prodrugs of the compounds of the general

The compounds of Examples 55, 56 and 57 were prepared by following the procedure of
Scheme 7 below
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Scheme 7
HO
o R
1 oxalyl chionde/TEA r
)( N” 2 Remorpholine I R-Plpeﬂgllflr:( 32))
A piperidine R= pyrrolidine (84)
070 pyrrolidine N
(51) )(o*o
1 3-F-Ph-B(O
Pd(OY/N
2 HCI
F
R
R=morpholine (85), Example 55
ridine (86) , Example 56
u E:g;r:olld?:e(m? Example 57

To a solution of compound 51, prepared according to scheme 6 (025 g 0 625 mmole)
and freshly distlled triethylamine (0 5 mL)in dichloromethane (12 mL) was added oxalyl
chionide (0 38 mL 2 0 M, 0 75 mmole) dropwise at room temperature. The solution was
stirred for 10 minutes at room temperature and the solvent and excess reagents were
removed in vacuo to give the acid chlonde s a crude product which was used 1n the next
step without further punfication.

Morpholine (56 mg 0 65 mmole) was added to a solution of the acid chlonide (0 65
mmole) and tnethylamne (0.5 mL) in dichloromethane (SmL) The reaction was allowed
to proceed for one hour at room temperature The solvent was then removed in vacuo The
crude product was paritoned between ethyl acetate (25 mL) and water (25 mL) The
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water was washed with ethy! acetate and the combined ethyl acetate was washed with 2M
NaOH (2 x 25 mL) (ZM HCl (2 x 25 mL) bnne (1 x 25 mL) and dned over magnesium
sulfate The solvent was removed in vacuo to give the product

(compound 82) (294 mg 97% yield)

lI-Imm'('.'D(.‘.l:.|(400MI-Iz) 1.44 (s, 9H) 2 21 (t, J=5 6 Hz, 2H) 2.62 (1, J=5 6 Hz, 2H) 3 31
(t, J=5 6 Hz, 2H) 3.52 (¢, J=5 6 Hz, 2H) 3 69 (br 8H) 731 (d, J=6 4 Hz, 2H) 737 (d,
J=64 Hz, 2H)

DIpEIdINeCATDOX Yiate (CoOmpound

Same procedure as described for the preparation of compound 82, but using
prpenidine in place of marpholine

lI-Inth'.DCl;a,(400!\4!!-!2) 144 (s 9H), 1 51 (br 2H) 166 (br, 4H) 221 (t, I=5 6 Hz,
2H), 2 62 (t, J=5 6 Hz, 2H), 3 31 (t, J=5 6 Hz, 2H) 3 33(br 2H) 3 52 (t, J=5 6 Hz, 2H),
3 68 (br 2H) 7.26 (d, J=8 4 Hz, 2H) 7 35 (d, J=8.4 Hz 2H)

place of morpholine.

'H nmr CDCI; (400 MHz) 144 (s 9H), 1 87 (q J=6 8 Hz, 2H) 195 (q J=6 8 Hz, 2H)
220 (1, =5 6 Hz 2H) 2 62 (t, J=5 6 Hz, 2H) 3 31 (1, J=5 6 Hz, 2H) 343 (t, }=6 8 Hz,
2H) 3 52t J=56 Hz, 2H) 3 63 (t, J=6 8 Hz, 2H), 727 (d J=8 0 Hz 2H) 747 (d, J=80
Hz, 2H)



&3

Ta a solution of compound 82 (37 mg 0 082 mmol) and tetrakus(triphenyl phosphune)
palladuum(0) (5 mg 00043 mmol) :n xylenes (degassed, 0 5 mL) was added 3-
fluorophenyl boronic acid (25 mg 0 18 mmol) in ethanol (degassed, 0.5 mL) followed by
150 puL. 2M NayCOs (aq) (300 umol) The reaction was allowed to proceed at 80 *C for 2
brs under argon  The reaction was duluted with water (1 mL) and diethy] ether (1 mL) and
vortexed. The organic phass was wolated and evaporated to give a crude product which
was used without further punfication.

The Boc group was removed by treating the crude product with 1 mL of TFA. After 30
munutes at room temperature the TFA was evaporated to give the crude TFA salt. The salt
was neutralized with 1| M NH,OH (1 0 M) and extracted into diethyl ether (2 x 1mL) The
ether phase was acidified with 4 0 M HCl 1o dioxane (200 pL) and the HCI salt was
extracted into water (2 x ImL)) The aquecus salt solution was washed with diethyl ether

(2 x 1 mL) and lyophilized to y1eld the product as a white powder

lHNMRCDClg(11-0(!341-11)526'7(l:n.4vH).3 19 (m, 4H), 3 45 (br, 2H) 3 68 (br, 6H)
675 (d, J=9 6 Hz 1H) 685 (d, J=8 0Hz, 1H), 695 (m 1H),7 11 (d, J=7 6 Hz, 2H) 725
(s, 1H) 7 35 (d, J=7 6 Hz, 2H)

Same procedure as descnibed for the preparation of compound 85 but using compound 83
as starting matenal
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lHNMRCDCI;.;(4-00!«1!-!:)8lSl(br21-!).165(]:)1‘.41-1) 2 60 (br, 4H), 3 14 (br 4H)
333 (br 2H) 368 (br,2H) 676(d, J=80Hz, 1H) 686(d,J=80Hz IH) 693 (t, J=80
Hz, 1H) 708 (d,J=8 4 Hz,2H) 725(s 1H) 732(d, J=8 4 Hz, 2H)

Same procedure as for the preparazon of compound 85, but using compound 84 as staring
matenal

1HNMRCDCI3(4(DMH3)8184—1 89 (m, 2H) 1 90-1 98 (m, 2H) 2 60-2.63 (m 4H)
313-3 17 (m, 4H) 3.41 (¢, J=6 8 Hz, 2H) 3 62 (t, J=6.8 Hz) 6.73 (d, J=8 8 Hz, 1H) 6.86
(d, =7 2 Hz, 1H) 6.93 (m, 1H), 7 10 (4, J=8 0 Hz, 2H), 7 25 (s, 1H) 745 (d, }=8 0 Hz,

it L, LR DAL L REHE L RERE, LAMIINEINILIR () e TR JAE - :_o-

H) Synthetic ¢ for th 8 of Example: it
The compounds of Examples 58-68 were prepared by followang the procedure of
Scheme 8 (a) -(c) below
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Scheme 8(a)
H
1 DPPA \ﬁ/ Br /
2 (1) EtOH I
N () Diethylamine
KL, me Ly
w) {-propano .
(51) o’go
R=0Et (88)
=Sl 20
R-LPIO (91) Suzuki
ENE
I
H
R=OEt (96), Ex. 58 R=OEt (92)
R= Et,N ( R= Et;N (83)

Ao PO (9] R PIG (98]
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Scheme 8(b)
AN
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B H
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(117
N Fl=OMe 110
I 119
R=0Et
A= EGN (9
R= OMe
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To a muxture of compound 51 prepared according to Scheme 6 (025 g 0 625 mmole) 1n
toluene (5 mL) was added diphenylphosphorylazide (0 192 g, 0 70 mmole) and
tnethylamune (0 1 mL, 0 7 mmole) After sumng the mixture under argon at 95 °C for two
bours an excess of anhydrous ethanol (2 mL) and triethylamine (0 1 mL) were added and
the solution was stirred at 95 °C for an additonat 5 hours  After cooling to room
temperature the reaction mixture was partitioned between water and diethyl ether The
ether was washed with water dned over magnesium sulfate and removed 8 vacuo to give

the product (compound 88) as a tan form (300 mg, 99% yield)

lHNMR@-OOMHZ)((IDCI;)l30(t..l=721'12.31-l') 144 (s 9H) 2.22 (t, J=6 0 Hz, 2H)
2 60 (t, J=6 0 Hz, 2H) 3 31 (t, J= 6 0 Hz, 2H) 3 51 (t, J=6 0 Hz, 2H) 421 (q J=7 2 Hz,
2H), 6.58 (s 1H) 7 19 (d, J=8 4 Hz, 2H) 7.33 (d, J=8 4 Hz, 2H)

The Suzuki couphing of the four vinyl bromudes (compounds 88-91) with 3-fluoropheny}
boronic acid was performed in paralle]l The reachons and hqud-hquid extractions were
camed out 1n 25 mm x 150 mm culture tubes The protocol for a typical reaction 15
outlined below

To 2 solution of compound 88 (0 30 g, 0 625 mmoles) and tetrakis(triphenyl phosphine)
pelladium(0) (50 mg) 1n toluene (degassed, 5 mL.) was added 3-fluorophenyl boromc acid
(0182 g 1.3 mmoles) in ethanol (degassed, 5 mL) followed by 0 75 mL 2M N&CO; (aq)
(1 5 mmoles) The reaction was allowed to proceed at 80 °C for 3 hrs under argon  The
reachon was diluted with water and diethyl ether and vortexed. The organic phase was
1solated and evaporated to give a crude product. The crude product was punfied by mlica
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gel chromatography (0-50% EtOAc 1n hexanes) to gtve the product (compound 92) as a
white powder (0 166 g, 58% yield)

'H NMR (400 MHz) (CDCl3) 8 1 25 (t, J=7 2 Hz, 3H) 1 44 (s, H), 2 27-2 33 (m, 4H)
3 41-3 44 (m, 4H), 4 20 (q J=7 2 Hz, 2H) 6 52 (s, IH) 676 (d, J=10 Hz, 2H) 6 85-6 89
(m. 2H) 701 (d J=8 8 Hz 2H) 7 19-7 23 (m, 1H) 7 28 (d, J=8 8 Hz, 2H)

The removal of the BOC protecting group was performed on & small scale i paralle] 1n test
tubes (13 mm x100 mm) A typical procedure 1s described below

The BOC group was removed by treating compound 92 (S0 mg 0 11 mmole) with HCl in
dioxane (40M 2ml) The muixture was stiured at room temperature for 30 munutes The
solvent and HCl were removed s vacuo to yield the product compound 96 as a white

powder after lyophilization (40 mg 99% y1eld)

'H NMR (400 MHz) (CDCla) § 128 (t, J=7.2 Hz 3H), 2.27-2 31 (m, 4H), 2.85-291 (m,
4H) 419 (q J=72Hz,2H) 650 (s 1H) 676 d, J=10 Hz, 1H) 685689 (m, 2H) 701 (d,
J=8 8 Hz, 2H), 7 19-7 23 (m, 1H) 7 28 (d, J=8 8 Hz, 2H)

The alkylation of the asmde mtrogen was performed on a small scale 10 parallel 1o test
tubes (13 mm x 100 mm) A typical procedure 1s outline below
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To a solution of compound 92 (50 mg 0 11 mmoles) in dichloromethane (1 5 mL) was
added methyl 1odide (31 mg 0-22 mmoles) agueous sodium hydroxide (1 0 mL, 2M) and
tetrabutylammonium sulfate (44 mg, O 13 mmoles) The solution was refluxed for one
hour After cooling to room temperature the dichloromethane was separated and
cvaporated. Ether was added to the residue and the white tetrabutylammonium 1odide was
removed by filtranon The ether was removed i vacuo to give the crude product
compound 100 as aclearod The BOC group was removed by treatment with HCl in
dioxane as described above to give the product as a white powder after lyophulization (17
mg 42% yeld)

THNMR (400 MHz) (CDCl3) 8 1 23 (t, }=7 2 Hz, 3H) 227-2 33 (m, 4H) 2 85-2.91 (m,
4H),3 26 (s 3H),4 15(q J=72Hz, 2H) 678 (d, J=10 Hz 1H) 6 85-6 89 (m, 2H) 705
(d, J=8 0 Hz, 2H) 7 14 (d, =8 0 Hz, 2H) 7 19-7.23 (m, 1H)

The beazylaton of compound 100 was performed on a small scale in parailel 1n test tubes
(13 mm x 100 mm) A typical procedure 15 outhine below

The free base form of compound 100 was obtaned by addition of ammonium hydroxide
(1M, 0 5 mL) to an aqueous solution of compound 100 (0 046 mmoles) and extracted mto
ether The ether was removed s vacuo to gave an o1l which was dissolved 1n
dichloromethane and treated with benzyl bromude (0 14 mL of 0 5 M 1n dichloromethane)
and tnethylamine (0 05 mL) The solution was stirred at room temperature for 5 hours
The solvent was removed & vacuo The product was dissolved 1n water/acetontnle/HC)

(2 1 0 5 M) and lyophilized to gave the product compound 108 as a white powder
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'H NMR (400 MHz) (CDCl3) & 1 28 (1, J=7 2 Hz 3H) 233-236 (m 4H) 2 38-2 46 (m,
4H) 351 (s 2H) 419(q,J=72Hz, 2H) 650 (s 1H) 678 d J=10Hz, 1H) 6 85-6 89 (m
2H) 705 (d, J=8 0 Hz, 2H) 7 19-7 30 (m 7H)

_EXAMPLES 61-68
The following compounds were also made by following the synthesis routes descnibed 1n

Schemes 8 (a)-(c)

Tablel

Example | Compound | Chemical structure Characterization data Scheme
['H NMR 400 MH:
(€DCl3))

5117 (t, J=7 6 Hz, 3H) 8(c)
o 2 28-2 35 (m, 4H) 2 40-2.45
(m, 4H) 3.21 (s 3H) 3.50 (s,

N 2H) 4 10(q J=7 2 Hz, 2H)
O) 673 (d, J=8 7 Hz, 1H) 685
(m, 2H) 701 (d, J=8 8 Hz
2H) 72-7 3 (m, 8H)

61 108

62 103 \r°Y 5121(d J=68 Hz GH) 8 (b)

o 2 28 (t, J=5 6 Hz, 2H) 231
(t.J=5 6 Hz 2H) 288(t,
J=5 6 Hz 4H) 325 (s 3H)
493 (qun J=60 Hz, 1H)
678 (d, 1H) 687 (d, 2H)
704 (d, 2H) 7 14 (d, 2H)
7 15-7 29 (m, 2H)
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Table 1 (contd)
Example | Compound | Chemical structure Charactenzanon data Scheme
U'H NMR 400 MH:
(CDCly))
63 107 d S114(,J=T2Hz,3H) |8()

er" @ g] 120 (d J=6 4 Hz, 6H) 2.92
' (t. J=5 2 Hz 2H),233 (¢,
J=5 2 Hz, 2H) 290 (t, J=52
Hz 4H) 366(q J=7 6 Hz,
2H) 493 (quo J=6 0 Hz
1H) 679 (d, 1H) 688 (d,
2H) 702(d, 2H) 715(d
2H) 7 18-7.25 (m, 2H)

6227-233(m 4H) 283 |B(D)
25 (m 4H) 327 (s 3H)
370(s 3H) 6§ 79(d, 10 Hz,
1H) 6 88-6 90 (m, 2H) 706
(d J=B 4 Hz, 2H), 7 13 (d,
I=8 4 Hz, 2H), 7.20-7 25 (m,
1H)

5113 (¢, J=6 8 Hz, 3H) 8 (b)
2.27-2 33 (m, 4H) 2 88-
290 (m 4H) 367 (s 3H)
368 (q J=68 Hz, 2H) 679
(d, 10Hz 1H) 688-690
(m 2H) 706 (d, J=8 4 Hz
2H) 7 13 (d, J=8 4 Hz, 2H)
720-7 25 (m, 1H)
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Example

Compound

Chemical structure

Charactenzation data
('HNMR 400 M1

Scheme

104

(CDCl3)}
5113 (t, J=6 8 Hz 3H)
121 (1, J=7 2 Hz, 3H)

2 30-2 36 (m, 4H) 291-
293 (m, 4H) 367(q J=68
Hz, 2H) 413 (q J=6 8 Hz,
2H) 679 (d 10 Hz, 1H)
6 88-6 90 (m, 2H) 7 06 (d,
J=8 4 Hz, 2H) 713 (q,
J=8 4 Hz 2H) 7.20-7.25
(m 1H)

8 (b)

5126(d J=60Hz 6H)

2 27-2 32 (m, 4H) 2 87-
2.89 (m, 4H) 4 95-5 02 (m
1H) 6.56 (s 1H) 679 (d,
10 Hz, 1H) 6 88-6 50 (m,
2H) 701 (d, J=8 4 Hz, 2H)
7.20-7 25 (m, 1H) 727 (d,
J=8 4 Hz 2H)

8 ()
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Table 1 (cont)
Example | Compound | Chemical structure Characterization data Scheme
('H NMR 400 M2
(CDCly)
68 98 8227231 (m,4H) 286 [8(M)

2 89 (m, 4H) 375 (s 3H),
664 (s LH) 676-6 80 (m,
1H) 685-700(m 2H)
702 (d, J=8 8 Hz, 2H)
718-722(m, 1H) 728 (d,
J=8 8 Hz 2H)

The best mode of performing the invention known at present, 1s to use the compounds 6 7
9 10 12 26 27 34 39 44 58 59 62 69 71 104 106 and 109

Phammaceutical compositions

The novel compounds according to the present invention may be admimstered orally,
samamuscularly subcutaneously topically intranasally intrapentoneally intrathoracially
wrravenously epidurally itrathecally mtracerebrovenmecularly and by injechon into the

A preferred route of admtnistration 1s orally ntravenously or intramuscularly

The dosage will depend on the route of admunistration the seventy of the disease age and
weight of the patient and other factors normally considered by the attendang physician




x A1

WO 9828275 PCT/EES7NZ050

95

when determuning the individual regumen and dosage level at the most appropnate for a
particuiar patient

For prepanng pharmaceutical compositions from the compounds of this mvention, inert,
pharmaceunically acceptable cammiers can be either solid or iquud. Solid form preparations

include powders tablets dispersible granules capsules cachets, and suppositones

A solid carmier can be one or more substances which msy also act as diluents, flavoring

agents solubilizers, lubncants suspending agents, binders, or tablet disintegrating ageats
st can also be an encapsulating material

In powders the camner 15 a finely divided solid which 13 1n a muxture with the finely divided
active component. In tablets the active component is mixed with the carner having the

necessary binding properties 1n suitable proportions and compacted 1n the shape and size
desired.

For prepanng suppository composuitions a low-melting wax such as a mixture of faity acid
glycendes and cocoa butter 18 first melted and the active ingrecient 18 dispersed therein by
for example, sturing The molten homogeneous mixture 1s then poured into convensent
sized molds and allowed to cool and solidify

Suitable carriers are magnesium carbonate, magnesium stearate talc, lactose, sugar, pectin
dextrin starch, tragacanth, methyl cellulose, sodium carboxymethyl celluiose a low-
melting wax, cocoa butter, and the hke.

Pharmaceutically acceptable salts are acetate benzenesulfonate, benzoate bicarbonate
bitartrate, bromude, calcium acetate, camsylate, carbonate chlonide catrate,
dihydrochlonde edetate, edisylate, estolate, esylate, fumarate glucaptate, gluconate,
glutamate, glycollylarsamlate hexylresorcinate, hydmbamine hydrobromide
hydrochlonde hydroxynaphthoate 1odide isethionate lactate lactobionate, malate
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maleate mandelate mesylate, methylbrémide methylnitrate methylsulfate, mucate
napsylate, nitrate, pamoate (embonate) pantothenate, phosphate/diphosphate,
polygalacturonate, salicylate, stcarate, subacetate succinate, sulfate, tannate, tartrate
teoclate tnethiodide benzathine, chloroprocaine, chohne, diethanolamine
ethylenedzamune meglumune, procaine, alunumum, calcium, hthwum, magnesum,
potassium, sodsum, and zinc

Preferred pharmaceutically acceptable salts are the hydrochlondes and citrates

The term composition 1s intended to include the formulation of the active component with
encapsulating matenal as a camer providing a capsule 1n which the active component (with .
or without other carniers) 15 surrounded by a cammer which 1s thus 1n association with it

Simularly cachets are included.

Tablets powders, cachets and capsules can be used as solid dosage forms sustable for onal
administration

Liquid from compositions include solutions suspensions and emnisions. Stenle water or
water-propylene glycol solutions of the active compounds may be mentioned as an
example of hquid preparations suitable for parenteral admmstration Liquid composiions
can also be formulated 1n solution 1n aqueous polyethylene glycol solution

Aqueous solutions for oral adomnistration can be prepared by dissolving the actve
component in water and adding smutable colorants, flavoring agents, stabilizers and
thuckening agents as desired. Aqueous suspensions for oral use can be made by dispersing
the finely divided active component 1n water together with a viscous material such as
netural synthetic gums, resins, methyl cellulose sodium carboxymethyl cellulose and other
suspendinig agents known to the pharmaceutical formulation art.
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Preferably the pharmaceutical compositions 18 1n unit dosage form. In such form, the
composition 18 divided into unit doses contauning appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package contamnng
discrete quantities of the preparations, for example packeted tablets capsules, and powders
10 vials or ampoules. The unit dosage form can also be a capsule cachet, or tablet itself or
it can be the appropniate number of any of these packaged forms

BIOLOGICAL EVALUATION

A) IN VITRO MODEL,
Cell cujmre

Human 2938 cells expressing cloned human 1, 5, and x receptors and neomycin resistance
were grown 1n suspension at 37°C and 5% CO; 1n shaker flasks contamning calcum-free
DMEM 10% FBS, 5% BCS 0 1% Pluronuc F-68 and 600 pg/ml geneticin.

Membrage prepacation

Cells were pelleted and resuspended 1 lysis buffer (50 mM Tns pH 7 0 2 5 mM EDTA,
with PMSE added just prior to use to 0 1 mM from a 0 1 M stock n ethanol) mcubated on
ice for 15 mun, then homogenized wath a polytrop for 30 sec The suspension was spun at
1000g (max) for 10 min at 4°C The supernatant was saved on ice and the pellets
resuspended and spun as before The supematants from both spins were combined and
spun at 46 000 g(max) for 30 mn The pellets were resuspended 1n cold Tns buffer (50
mM Tns/Cl pH 7 0) and spun again The final pellets were resuspended 1n membrane
buffer ( 50 mM Tnis 0 32 M sucrose, pH 7 0) Aliquots (1 ml) i polypropylene tubes were
frozen in dry ice/ethanol and stored at -70°C until use The protein concentrations were
determuned by a modified Lowry assay with SDS
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Bindipg assays

Membranes were thawed at 37°C, cooled on ice, passed 3 umes through a 25-gauge
necdle and diluted 1nto binding buffer (50 mM Tris 3 mM MgCl: 1 mg/ml BSA (Sigma
A-1888) pH 7 4 which was stored at 4°C after filtration through a 0 22 m filter, and to
which had been freshly added 5 pg/ml aprotiun 10 pM bestatin 10 pM diproun A, no
DTT) Aliquots of 100 ul (for ug protein, see Table 1) were added to 1ced 12x75 mm
polypropylene tubes contarmung 100 ul of the appropniate radiohigand (see Table 1) and
100 pl of test peptrdes at vanious concentrations Total (TB) and nonspecific (NS) binding
were determined 1n the absence and presence of 10 pM naloxons respectively The tubes
were vortexed and incubated at 25°C for 60-75 mun, after which tme the contents are
raprdly vacuum-filtered and washed with about 12 miAube iced wash buffer (50 mM Trns
pH 70 3 mM MgCl,) throngh GF/B filters (Whatman) presoaked for at least 2h n 0 1%
polyethyleneinuine The radiocectivaty (dpm) retaned on the filters was measured with a
beta counter after soaking the filters for at least 12h 1n minivials contmiming 6-7 ml
scntillation flud. If the assay 1s set up 1n 96-place deep well plates the filtration 15 over
96-place PElI-soaked umifilters which were washed with 3 x 1 ml wash buffer, and dried 1n
an oven at 55°C for 2h The filter plates were counted 1n a TopCount (Packard) after
adding SO pl MS-20 scintillabon flud/well

Data anglysig

The specific binding (SB) was calculated as TB-NS and the SB 1n the presence of various
test peptides was expressed as percentage of control SB  Values of 1Csg and Hll
coefficient (nyy) for ligands 1n displacing specifically bound radioligand were calculated
from logit piots or curve fithng programs such as Ligand, GraphPad Prism, SigmaPlot, or
ReceptorFit. Values of K; were calculated from the Cheng-Prussoff equation Mean +

S EM values of ICsp, K, and nyy were reported for igands tested 1n at least three
displacement curves
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Receplor saturation experiments

Radiohgand K, values were determined by performing the binding assays on cell

membranes with the appropnate radioligands at concentrations ranging from 0 2 to 5 times
the estumated K (up to 10 times 1f amounts of radioligand required are feasable) The

specific mdioligand binding was expressed as pmole/mg membrane protein Values of K,
and By, from individual expenments were obtained from nonhinear fits of specifically
bound (B) vs oM free (F) radioligand from individual according to a one-site model

B) BIOLOGICAL MODEL (N VIVO MODEL)
FREUND’S COMPLETE ADJUVANT (FCA), AND SCIATIC NERVE CUFF
INDUCED MECHANO-ALLODYNIA IN RAT

Anmals

Male Sprague-Dawley rats (Charies River St-Constant Canada) weighing 175-200g at the
time of surgery were used. They were housed 1n groups of three 1 rooms thermostatically
mamtained at 20° C with a 12 12 hr hight/dark cycle, and with fres access to food and
water After amval, the ammals were allowed to acchimatize for at least 2 days before
surgery The expenments were approved by the appropnate Medical Ethical Comnuttee
for amumal studies

EXPERIMENTAL PROCEDURE

FREUND'S COMPLETE ADJUVANT

The mts were first anesthenzed 1n a Halothane chamber after which 10l of FCA was
mjected s.c 1nto the dorsal region of the left foot, between the second and thurd external

digats The amnumals ‘were then allowed to recover from anesthesia under observation 1n
their home cage.
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SCIATIC NERVE CUFF

The ammals were prepared according to the method descnbed by Moscom and Kruger
(1996) Rats were anesthetized with a mixture of Ketamine / Xylazine 1 p (2ml/kg) and
placed on thewr nght side and an incision made over and along the axis of the lateral
aspect of the left femur The muscles of the upper quadnceps were teased apart to reveal
the sciatic nerve on which a plastc cuff (PE-60 tubing 2mm long) was placed around. The
wound was then closed 1n two layers with 3-0 vicryl and silk sutures

Testing was performed between 08 00 and 16 00h using the method descnbed by Chaplan
et al (1994) Rats were placed in Plexigins cages on top of a ware mesh bottom winch
allowed access to the paw and were left to habituate for 10-15 mun The area tested was
the mid-plantar left hind paw avoiding the less sensitive foot pads. The paw was touched
with a senes of 8 Von Frey hairs with loganthmcally incremental stiffness (0.41 069
120,204,363 550 851, and 15 14 grams, Stoelting Il USA) The von Frey hair was
applied from undemeath the mesh floor perpendicular to the plantar surface with sufficient
force to canse a shight buckling aganst the paw, and held for approximately 6-8 seconds
A positive response was noted 1if the paw was sharply withdrawn. Fhnching immediately
vpon removal of the hair wes also considered a positive response. Ambulahion was
considered an ambiguous response, and i such cases the simulus was repeated.

JESTING PROTOCOL

The amimals were tested on postoperative day 1 for the FCA-treated group and on post-
operative day 7 for the Sciatic Nerve Cuff group The 50% withdrawal threshold was
determuned using the up-down method of Dixon (1980) Testing was started with the 2 04
g hair 1n the nuddle of the senes Stmuli were always preseated 1n a consecutive way
whether ascending or descending In the absence of a paw withdrawal response to the
mtially selected hair a stronger sumulus was presented, in the event of paw withdrawal
the next weaker sumulus was chosen Optmal threshold calculation by this method
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requires § responses tn the immediate vicimty of the 50% threshold, and counting of these
6 responses began when the first change in response occurred, ¢ g. the threshold was first
crossed. In cases where thresholds fell ontside the range of stmulh values of 15 14
(normal sensitivity) or 041 (maximelly allodynic) were respectively assigned. The
resulting pattern of positive and negative responses was tabulated using the convention

X = no withdrawal O = withdrawal, and the 50% withdrawal threshold was interpofated
using the formula

50% g threshold = 10%/*/ 10 000

where Xf = value of the last von Frey hair used (log units) k= tabular value (from Chaplan
et al (1994)) for the pattern of pomtve / negative responses, and 5 = mean difference
between stmuli (log units) Here § =0224

Von Frey thregholds were converted to percent of maximum possible effect (% MPE)
according to Chaplan etal 1994 The following equation was used to compute % MPE

ADMINISTRATION OF TEST SUBSTANCE

Rats were mjected (subcutaneously intrapentoneally or orally) with a test substance prior
to von Frey testing the hme between administration of test compound and the von Frey test
varied depending upon the nature of the test compound.
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Definitions,

The following abbreviations have the indicated meanings
Ac = acetyl

Ar = aryl

t-BOC = tertiary-butoxycarbonyl
t-Bu = tertiary-butyl

Bt = ethyl

1Pr = 1s0propyl

Me = methyl

Ph = phenyl

Pr = propyl

I L. = room temperature

TFA = tnfluorcacetic acid

THF = tetrahydrofuran

TMEDA = N,N.N N -totramethylethylenediamine

PCT/SES702050
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R' 18 selected from
hydrogen, a branched or straight C;-Cg alkyl, Cy-Cg alkenyl, C3-Cg cycloalkyl,
C4-Cy(alkyl-cycloalkyl) wheremn alkyl 15 C;-C alkyl and cycloalkyl 15 Ca-Cg cycloalkyl

Cg-Cip 8yl or heteroaryl having from 5 to 10 atoms sclected from any of C S N and O;
wherein the aryl and heteroaryl may optionally and independently be substituted by 1 or 2
substituents independeatly selected from any of hydrogen, CHy, —(CH2)pCF3; halogen,
—CONR’R* —COOR® —COR® —(CH)NR’R* —(CH2),CH;(CH), SORR*
—(CH;),SO;R’, and —(CH),SO;NR’ wherean R* and R® 15 each and independeatly as
defined for R' above andp1s 0 1 or2,

(C1-C alkyl)-(Cg-C g aryl), or (C1-C3 alkyl)heteroaryl, the heteroaryl moscties having
from 5 to 10 atoms selected from any of C, S, N and O, and where the aryl or heteroaryl
may optionally and independently be substituted by 1 or 2 substituents independently

selected from any of hydrogen CHa, —(CHp)CF3 halogen —CONR'R® —COOR’
—COR® —(CHz)gNR'R* —(CH3)(CH3(CH2)gSOR’R® —(CHp){SO:R’
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—(CH3)SO;NR® and —(CHa),OR® wheremn R* and R° 13 each and independently as

defined for R’ above and 130 10r2 and

e i
T A A

wheren R'® R!® R? R?! R22 RZ R™ and R® 1 cach and independently hydrogen,
C;-Cg alkyl or C;-Cg alkenyl,

Rzand R3 13 each and independently hydrogen or C;-Cg alkyl,

A 15 selected from
R‘ll
R AN z .|
N /N g R N
P L b e
z z! z!
ﬂ Ru H1l
R¥&—s8§—N z A rlu gza
z! ZI and
z
Q
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wheren R® R%, RO, R'! R'2 R!® R™ R'%, R"® and R 15 cach and independently as
defined for R! above, and whereun the phenyl ning of each A substituent may be optionally
and independently substituted at any position of the phenyl ring by 1 or 2 substituents z
and Z* which are each and mdependently selected from hydrogen, CH —(CH;),CF3
halogen —CONRCR’ —COORS6, —COR®, —(CH)NRER” —(CH,),CH3(CH,), SOR®
~—{(CH2);SOR® and —(CH)SO;NR°R” wherein R® and R” 15 each and independently as
defined for R’ above andr150 | or2

Q 13 C5-Cg hydroaryl or heterohydroaromatic having S or 6 atoms selected from anyone of
C. S Nand O, Cs -Cg cykloalkyl, or heterocycloalkyl having 5 or 6 atoms selected from
anyone of C, N, O and S, and where cach Q may optionally be substituted by a substituent
Z! and 72 as defined sbove

a substituted or unsubstututed aromatic heteroaromatic hydroaromanc or
heterohydroaromahc moiety having from 5 to 10 atoms selected from any of C,S Nand O
optionally and independently substituted by 1 or 2 substituents independently selected from

hydrogen CHs —(CHz),CF3 halogen,—(CH;XCONR’R® —(CHNR'R®
—(CH,),COR? —(CH,XCOOR’,—OR® —(CH)SOR®, —(CH,),SO0;R® and
—(CH,)SO,NRR* wherein R* and R? 15 cach and independently as defined for R!
above,and t150 1 2or3

R* and R® 15 each and independently as defined for R! above,

as well as pharmaceutically acceptable salts of the compounds of the formula (T) and
isomers hydrates 1soforms and prodrugs thereof
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2 A compound of the formula (I) according to claym 1 wherein

A 18 selected from
o /™
H.\N : \N._g z R% I'INI z
"
Ay i g
r4 4 ' 2
ﬁ R“- R"
T
4 z' and
z
Q
2!

wheren R® R® RIC R!! R'Z R!® R' RS, R and R"7 15 cach and independently as

defined for R! above, and wherein the pheny! nng of cach A substituent may be optionally

and ndependently substituted at any posiion of the phenyl ing by 1 or 2 substituents Z*
and Z” which are each and mdependeatly selected from hydrogen CH —(CHg)gCF3

halogen —CONRR’, —COOR® —CORS, —(CH)NR®R? —(CH,),CH3(CHy), SOR®
—(CH2),SO;R® and —(CH;),S0.NROR” wherein R® and R 15 each and independently as

defineclt'cirlll above, andrisQ 1,0r2

Q 1s selected from morpholine pipendine and pyrrolidine
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R! R* and R 15 each and 1ndependently selected from hydrogen, a branched or strght
C1-C4 alkyl C3-Cs cycloalkyl C4-Cg (alkyl-cycloalkyl) wherem alkyl 15 C;-C; alkyl and
cycloalkyl 1s C3-Cg cycloalkyl Cg-Cjoaryl and beteroaryl having from 5 to 6 atoms
selected from any of C, S, N and O and where the aryl or heteroaryl may optionally and
independently be substituted by 1 or 2 substituents independently selected from any of
hydrogen CH; —(CHz),CF3, halogen —CONR'R’, —COOR®,—COR®

—(CHp)pNRR* —(CH),CH3(CH2) SOR’R* —(CH2);SO;R’ and
—(CH2),SO;NR’, wherein R* and R® 18 each and independeatly as defined for R' sbove
andpi1sO lor2

B 1s selected from pheayl, naphthyl, indolyl benzofuranyl, dihydrobenzofuranyl,
benzothiophenyl, pyrryl furanyl qunohnyl, isoquanolinyl, cyclohexyl, cyclohexenyl
cyclopentyl, cyclopentenyl indanyl, indenyl, tetrahydronaphthyl tetrahydroquinyl,
tetrshydroisoquunolinyl tetrahydrofuranyl, pyrrolidinyl and indazolinyl,

each optionally and independently substituted by 1 or 2 substituents independently
selected from hydrogen, CHy CFs, balogen, —(CHa)qCONR°R* —(CH) NR'R",
—(CHp)COR® —(CH)COZR’ and —OR’

wherein q1s O or 1 and wheremn RY and R® are as defined above,

Rzmdksmeachmdmdependenﬂyhydmgenormethyl
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3 A compound of the formuia (I} according to clatm 2, wherein
Als

R\,
N

R

zl

wheremn R® and R? are both ethyl, and where the phenyl ning optionally and independently
may be substituted at any posinon of the phenyl nng by 1 or 2 substituents Z' and Z2
which are each and independently selected from hydrogen CHy —(CH3)qCF3 halogen,
—CONR®R? —COORS, —COR® —(CH)NR®R? —(CH5),CH3(CH), SOR®
~—(CH2)SOR and —(CH),S0;NR®R” wherein RS and R 15 cach and independently as
defined for R! above and r 150, 1 or 2

R! 15 selected from hydrogen, methyl ethyl —CH,CH=CH, ~—CHa-cyclopropyl
—CHy—aryl or CHy—heteroaryl the heteroaryl moieties having from 5 to 6 atoms
selected from any of C S Nand O

B 15 selected from pheny] naphthyl, indolyl benzofuranyl dibydrobenzofuranyl
benzotinophenyl, furanyl quinolinyl, 1soquinoliny! cyclohexyl, cyclohexenyl, cyclopentyl
cyclopentenyl indanyl indenyl tetrahydronaphthyl tetrahydroquinyl
tetrahydroisoquinolinyl, tetrahydrofuranyl, and indazolinyl each optionally and
independently substituted by 1 or 2 substituents independently selected from

hydrogen CHs CF3 halogen —(CHg)qCONR’R* —(CHy)qNR R, —(CHy),COR’,
—(CH){COzR® and—OR’® wheren q1s 0 or | and wherein R* and R® are as defined
above, and

R? and R 15 each and ndependently hydrogen or methyl
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4 A compound of the formula (T) according to claim 1 which compound 13 any of
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5 Acompound according to clm 1 which 1s selected from

OJ\'/\/\/NH- oj\o/\

O-P-OH
NH, od &H

6 A compound according to any of the preceding claums, 1n form of 1ts
10 hydrochloride sulfate, tartrate or citrate salts

7 A compound according to any of clams 1-6 for use 1n therapy

8 A compound according to claum 7 wherein the therapy 1s pain management
i3

9 A compound according to claim 7 wherein the therapy 1s directed towards
gastrowmntestinal disorders
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A compound according to claim 7 wherein the therapy 18 directed towards spinal

juries.

A compound according to claim 7 wherein the therapy 1s directed to disorders of
the sympathetic nervous system.

Use of a compound according to formula (I) of claum 1 for the manufacture of a
medicament for use 1n the treatment of pain

Use of a compound according to formula (f) of claum 1 for the manufacture of a
medicament for use 1n the treatment of gastrointestinal disorders.

Use of a compound secording to formula (I) of claum 1 for the manufacture of a
medicament for use 1n the treatment of spinal injunes

A compound according to any of claam 1-7 further characterised 1n that 1t 18
isotopically labelled.

Use of a compound according to claun 15 as a diagnostic agent.

An 1s0topically labelled compound of the formula (I) of claum 1

A diagnosuc agent compnising a compound of the formula (T) of claum 1

A pharmacentical composition compnising a compound of the formula (T)

according to clmm 1 as an active ingredient, together with a pharmacologically and
pharmaceutically acceptable carner
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20 A process for the preparation of & compound of the formula (T) according to claum
1 whereby

a) a ketone of the formula (1)

0 X

R n

"TJ
N
At
wheremn R Rzmdkamasdnﬁnedmfomuha)ofdml and X 15 a leaving
group, 18 reacted with an organometallic reagent of the formula (5} or (k)

A
MO0

M oo Bl m

10 M
wherein A and B are as defined 1n formula (T) of clmm 1, and M 15 a metal group

and wherein the reaction 13 optionally performed in the presence of a solvent, giving a

compound of the formula (h)
15
A B
OH
HZ H’ (h)
N
|§‘1

wheren A, B R! R? and R arc as defined 1n formula (1) of claim | and wherem R1
also may be tert-butoxycarbonyl
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b) the compound of the formula (h) 1s dehydrated, giving a compound of the formula (I) of

clam 1

21 A compound of the formule

A B
OH

10 wherein A, B, R? and R are as defined 1n formula (T) of clamm 1

22 A compound of the formula (h) according to step a) of cilam 20 wherein

1s A
RO z
N
ﬁs
ZI
wherein R® and R® are both an ethyl group and Z! andd Z2 are as defined in clam 1
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A compound according to claim 22 which compound 1s any of

a,N E.,N
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b de

O

OMe

N

Boc

24 A method for the treatment of pain, whereby an effective amount of a compound

of the formula (T) according to claim 1 1s admunustared to a subject n need of pain
management.

25 A method for the treatment of gastrointestinal disorders, whereby an effective amount

of a compound of the formula (I) according to claun 1 15 admunistered to a subject
suffening from smid gastromntestinal disorder

26 A method for the treatment of spinal injunes, whereby an effechive amount of a

compound of the formula (I) according to claim 1 1s admmistered to a subject
suffering from sa:d spinal injury

- 1t ®
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NOVEL COMPOUNDS WITH ANALGESIC EFFECT

Ficld of the invention

The present invention 18 related to novel compounds to a process for thewr preparation

therr use and pharmaceuncal composihons compnsing the novel compounds The novel

compounds are used in therapy and in particular for the treatment of pain

Background and pnor ant

The & receptor has been 1dentified as havang a role 1n many bodily functons such as
circulatory and pawn systems Ligands for the & receptar may therefore find potential use as
analgesics and/or as annhypertensive agents Ligands for the 5 receptor have also been
shown to posess immunomodulatory actvities

The 1dentrficanon of at lcast three different populations of opioid receptors (8 Sand x) 1s
now well established and all three are apparent in both central and penpheral nesvous
systems of many species including man Analgesia has been observed in vanous ammal
models when one or more of these receptors has been activated

With few excephons currently available selectave opioid 5 igands are pepudic in nature and
are unsuitable for adrmunustration by systemic routes Some non pepudic § antagomsts have
been avalable for some me (see Takemon and Portoghese 1992 Ann Rev Pharmacol
Tox , 32 239 269 for review) These compounds e.g naltnindole suffer from rather poor
(t e < 10-fold) selecuvity for the § receptor vs i receptor binding and exhibit no analgesic
actvity a fact which underscores the need for the development of hughly selective non-
peptudic § agomsts
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Recently a non-peptidic 5§ agomst, BW 373U86, was descnbed by Chang eral 1993 I
Pharmacol. Exp, Ther , 267 852-857 as the first §-selective non-peptide wath analgesic
activity, however, 1t shows sigruficant affimty for the p receptor

‘Thus, the problem underiying the present invention was to find new analgesics havmng
excellent analgesic effects, but also with an improved side-effect profile over current i
agonsts and potental oral efficacy

Analgesics that have been dentified and are existing 1n the prior art have many
disadvantages in that they suffer from poor pharmacokanetics and are not analgesic when
administered by systemic routes Also, it has been documented that prefervred compounds,
described withm the prior art, show significant convulsive effects when adminstered
systermcally

In WO 93/15062 and WO 95/045051 some diarylmethylpiperazine and disrylmethyi-
pipendine compounds, including BW 373U86, are disclosed, but these prior art compounds
are structurally distinct from the compounds acccording to the present invention

The problem mentioned above has been solved by developing novel piperazine and
papenichne compounds, as will be descnibed below
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Outline of the invention
The novel compounds according to the present invention are defined by the formula (T)

R!

)

N R
s X
R G

L
wherein

G is a carbon atom or a nitrogen atom,
10 A1 selected from

(i) phenyl subsntuted by any of -COOH CONHj3, COOCH3, -CN NHj or
-COCH,,

15 () naphtyl, benzofuranyl and qunohnyl, and
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()

AN H“\N-g R E
T hE TR

-y N
Ty, Iﬁx

wherein the phenyl nng of each A substituent may be optuonally and independendy
substituted by 1 or 2 substituents sclected from hydrogen, CHj, (CH2)oCF4 halogen,
CONR'R®, CO,R7 COR” (CHy)NR'R® (CHZ),CH3(CH2) SOR, (CH3),SO5R’ and
(CH2)oSO;NR'R® wheremn 0150 1 or2 and R’ and R® are as defined below;

R! 13 selected from hydrogen, a branched or strusght Cy-C alkyl, C;-Cg alkenyl,
“CO(C1-Cg alkyl); (Cy-Cg alkyl)-B wherein B 15 as defined below~ C3-Cg cycloalkyl, C4-Cg
(alkyl-cycloalkyl) wherein alkyl 1s C;-C3 alkyl and cycloalkyl 1s C3-Cg cycloalkyl, C-Cig
aryl, and heteroaryl having from S - 10 atoms selected from any of C, S, N and O; and
wherchy the Cg-Cjo aryl and the heteroaryl may optionally be substituted by 1 or 2
substients selected from hydrogen CH, (CHz),CF3 halogen, CONR'R®, CO.R’,
OOR’, (CHa)GNR'R® (CH2)oCH3(CH2)oSOR” (CH2)oSOzR” and (CHa)oSO;NRR?,
wherein 0130, 1 or2, and R’ and R® are as defined below;

R’ and R® 15 cach and independently as defined for R! above;

R? 15 selected from hydrogen, CHs, OR' COR' and CH200,R! wherem
R! 15 as defined sbove;

~
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R® R r!! R12 R1B R RS RS R'7 andR'® 15 each and independently as defined
ft:tRl above,

B 15 a substituted or unsubstituted aromatic an optionally substiuted Cs-Cyo
hydroaromanc, a heteroaromatic or a heterohydroaromatic mosety each baving from S to
10 atoms selected from any of C, S, N and O, and each being optionally and independently
substituted by 1 or 2 substuents independently selected from hydrogen CH3, CFy
halogen (CHz),CONR'R® (CHRNR'R® (CH,),COR’, (CHp),COR” OR’
(CH)pSOR” (CH3)SOzR’, and (CH2)pSO2NR 'R®

wherenp1s0 1 2 or 3 and wherein R’ and R are as defined above,

R® R* R® and RS 15 each and independently selected from

R’ (CHy)yCONR'R® (CHz)NR'R, (CH2)CONR'R®, (CHp,COZR’, (CH) P,
(CHa)y(p-OH Ph), (CHa)yy-3-indolyl, (CHp)pSR’, and (CHz)OR’
whereinpis0,1,2,3 or4.lndR1de'amudeﬁnednbove;

with the proviso that when A 1s a phenyl nng substituted by a -CN group ar by a
-NH; group B may not be

Ziuhydroxy.andemdlu'eof:

hydroxymethyl, and esters thereof; or
amuno and carboxamudes and sulfonarmdes.
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Within the scope of the mvention are also pharmaceutically acceptable salts of the
compounds of the formula () as well as isomers hydrates, 1soforms and prodrugs thereof

Preferred compounds according to the invention are compounds of the formula (T)
s wherenn

QG 13 a carbon atom or a nitrogen atom,
A 13 sclected from

10 () phenyl substimted by any of -OOOH, - CONH2 COOCHS3, -CN, NHj or
-COCH»

() naphtyl, benzofuranyl, and quunohnyl, and

13
'l!

,. n\@ Y @
“““%*"*@*, - g,

wherein the phenyl nng of each A substituent may be optionally and independendy
substituted by 1 or 2 substituents sclectod from hydrogen, CHs, (CH3)CF3, halogen,
CONR'R®, COZR’, COR, (CHz)oNR'R® (CH2)oCH3(CHy)SOR, (CH2),SOR” and
(CH2)oSONR'R? , wheren 0180 1 or 2, and R” and R are as defined below-

()

R
Y
A
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R' R7 and R® 15 cach and independently selected from hydrogen, a branched or straight
Cy-Cq alkyl, allyl -CO-(Cy Cg alkyl): (C}-Cg alkyl)-B wheremn B 15 a3 defined below-
C3-Cs cycloalkyl C4-Cg (alkyl-cycloalkyl) wherem alkyl 1 Cy C alkyl and cycloalkyl s
C3-Cg cycloalkyl and phenyl,

Rzlshydrogen mthyl.orOlehﬂmnR'ulsdeﬁnedabove

R, RO RY, R12 13, R RS, R!6, R!7 and R, 1s cach and mdependently as defined
for Rl above,

B 15 sclected from phenyl naphthyl, indolyl benzofuranyl, dihydrobenzofuranyl,
beazothiophenyl, pyrryl, furanyl, qunolinyl 1soquinohnyl, cyclohexyl, cyclohexenyl,
cyclopentyl, cyclopentenyl indanyl indenyl, tetrahydronaphthyl tethydroquinyl,
tetrahydroisoquinalmyl tetrahydrofuranyl, pyrrohdinyl, indszolinyl, and

4—@:::)—9’ :

each B group being optionally substrtuted by 1-2 substituents mdependently selected from
hydrogen CHy CFy, halogen (CHa)pCONR'R® (CHp)pNR'R® (CHz)COR?
(CH2pC02R” and OR’

wherein p1s 0 or J, and wherem R and R® are as defined aboves and

R> R, R’ and R® 15 each and independently selected from bydrogen, CHs, CH(Me),,
CH;CH(Me,, CH(Me)CHzCH (CHz);CONRR”, (CH)pNR'R®, (CHz),CONR'R®,
(CH)HCOZR (CHa)Ph (CHa)p(p-OH Ph) (CHa)y-3 indolyl (CH), SR and
(CHz)OR’, wheren p13 0 1 2, 0r 3 and wherean R” and R® are as defined above,
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with the proviso that when A 15 & phenyl nng substituted by a -CN group or by a
-NH3 group, B may not be

7!

wherein

Z! 15 hydroxy, and esters thercof-
hydroxymethyl and esters thereof; or
ammno, and carboxarmudes and sulfonamides
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Especaally preferred compounds according to the invention are compounds of the formula
(I) wherein

s Gisanitrogen atom
A 15 selected from

wherem
15
R’ RIO'RII.RIZlRIJ R“.R".R“.R". a.ndR“:s each an cthyl group,

R! 15 selected from hydrogen, methy] ethyl, allyl, or CHa-cyclopropyl,

20 Rz:s H,nzthyl,orOR',wluaanuudeﬁndabove.
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B 13 selected from phenyl, naphthyl, indolyl benzafuranyl dshydrobenzofuranyl
benzothiophenyl, faranyl, quinolinyl, soqunoliny] cyclohexyl cyclohexenyl cyclopentyl
cyclopentenyl indanyl, indenyl, tetrahydronaphthyl, tetrahydroquiny]
tetrahydroisoqunolinyl, tetrshydrofuranyl, indazolinyl, and

L

each B group beang optionally substituted by 1-2 substituents independently selected from
hydrogen, methyl, CF3, halogen, (CH2)pCONR'R® (CHa)pNR'R®, (CH2),COR”
(CH),COZR”, and OR’,

wherein p 150 1, or 2, and wherein R’ and R® are as defined for R! above,

R>,R*, R® and R® 15 each and independenty selected from H, CH3, CH(Me);
CH,CH(Me)z, CH(Me)CHCH; (CHa);OONR 'R’ (CH2)pNR'R® (CHa),CONR'R®
(CH)yOOR”, (CHp);Ph (CH)p(p-OH Ph), (CHa)y-3-1ndolyl, (CHa)oSR and
(CHz)OR

whemnpmo.lu'z.mdwhmk-’mdksmudeﬁnedlbwe;

The substtuents A and B respectively, may optionally be substituted at any posiion of the
nng.

By “halogen™ we mean chioro, fluoro, bromo and iodo

By “aryl” we mean an aromatic ning having from 6 - 10 carbon atoms, such as phenyl and
naphtyl.
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By “heteroaryl we mean an aromatic ning in which one or more of the 5 -10 atoms in the
nng are clements other than carbon, suchas N S and O

By “hydroaromzatic” we mean & partly or fully saturated aromatc ning structure having 5-10
carbon atoms i the nng

By “heterohydroaromatic™ we mean a partly or fully saturated aromatc nng structure in
which one or more of the 5 10 atoms 1n the nng are elements other than carbon, such as N
Sand O

By “1somers™ we mean compounds of the formula (), which duffer by the position of thesr
functional group and/or anentation By “‘onentation” we mean stereoisomers,
dsterecisomers, regiosomers and enantiomers.

By “isoforms” we mean compounds of the formula () whuch differ by thear crystal Iattice,
such as crystalline compound and amorphous compounds,

By ‘prodrug” we mean pharmacologically acceptable denvanves, e g esters and anudes,
such the resulting lrotransformation product of the denvative 15 the active drug The
reference by Goodman and Gilmans, The Pharmacological basis of Therapeutics, 8th ed ,
McGraw-Hill, Int. Ed. 1992, “Biotransformation of Drugs, p 13-15, describing prodrugs
genenally, 13 hereby incarporated.

The novel compounds of the present invention are uscful in therapy, especially for the
treatment of pan.

The compounds are aiso useful for modulating the analgesic effects acting at the . oproad
receptor subtype, the modulation of side effects seen with agents acting at the 1L opord

b2 4

-



97723466 PCT/SE96N1635

12

receptor subtype such as morphune especially respiratory depression, gut motility and abuse
hability

Compounds of the invention are also useful as immunomodulators, especially for
autoimmune diseases, such a3 arthntis for skun grafts, organ transplants and sumular surgical
needs, for collagen diseases, vanous allergies, for use as ant tumour agents and ant: viral
agents.

Compounds of the invention are useful m disease states where degeneraton or dysfuncnon

of opioid receptors 1s present or imphcated in that paradigm. This may involve the use of
1sotopically labeled versions of the compounds of the inventon 1n diagnostic techruques and .
maging applications such as positron enussion tomography (PET).

Compounds of the mvention are useful for the treatment of diarrhea, depression uninary
incontinence various mental ilinesses cough, lung osdemna, vanous gastro-intestinal
disorders, spinal injury and drug addiction, including the treatment of alcohol, nicotine,
opioad and other drug abuse and for disorders of the sympathetic nervous system for
example hypertension.

‘The best mode of performung the present invention known at prosent, 1s to use the
compounds according t0 Example 21 (compound 33), Example 22 (compound 34),
Example 23 (compound 37), Example 24 (compound 38), Example 25 (compound 41),
Example 26 (compound 42), Example 27 (compound 45), Example 29 (compound 51),
Example 30 (compound 54), Example 35 (compound 64), Example 36 (compound 65),
Example 50, and Example 51 The numbenng of the compounds 18 in accordance with the
Examples below, as well as 1n accordance with the numbenng 1n the Schemes presented 1n
the following,



WO 97/13466

13

Methods of preparation

Generalized Method A

An aldehyde or ketone 15 treated with a nucleophule such as a Gngnard or organohthium
species to produce the corresponding alcohol Thus alcohol may then be converted 1nto a
suitable leaving group (X) such as an ester sulphonate or halide which may 1n turn be
displaced with a nucleophilic species such as a substituted or unsubstituted psperazine. N.
(4)-onsubstituted pperazine denvatives may then be suitably substituted with a vanety of
groups via ther organo halide or equivalent species or acylated wath a number of different

acylahng compounds. This sequence of events will give nse to compounds according to
general formula L

Generalized Method B

An N-protected amuno acid as its sctivated ester may be reacted with a second armno acid
ester On treatment with an acid thus species may then cychize to form a piperazanedione.
Thus dione may be reduced via a number of standard methods to the corresponding
piperazine (e.g & reducing agent such as lithhvum alurmunium hydride, by conversion to the
thicanude and subsequent desulphunzation, hydrogenation mn the presence of POCl3 etc.)
This piperazane may then be alkylated or acylated on one or more of the nitrogens and/or
may be used subsequently 1n generalized method A.

Deprotection of functional groups or further modifications may then be necessary, these are
descnibed for each individual case. Specific examples for the above transformations are
given in the experimental.

i d

PCTAESGN1E3S 4;(9
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All transformations contemplated use reagents (including salts) and solvents known to the
art of chemistry and to biotransformations carned out 1n a suitable biological medium to
bring about these transformations and includes all reaction enhancing agents (e.g HMPA),
and chural resolutons using chral salt formation and chiral taclogical resolutions.

Detailed descrption of the invention

The invention will now be descnibed 1n more detal by the following examples, which are not
10 to be construed as hmiting the invention.

@ < S,
almmm jﬂhwm‘s
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EXAMPLES
‘The compounds according to Examples 1-3 were synthesized as shown in Scheme 1 above

To a solution of 3 bromoamsole (5.61 g, 30.0 mmol) in dry THF (80 mL) was dropwise
added n-butyl hthwum-hexane solution (1.6 M 37.5 mL, 60 mmol) under mtrogen at -78°C.
The reaction mixture was allowed to warm to r t. 1n 2h and cooled down agam to -78°C
prior to addition of 1-naphthaldehyde (4 69 g, 30 0 mmol, m 10 ml. THF) The mixture was
warmed to r t. 1n 3h, and then quenched with aqueous NH4Cl solution, extracted wath ethyl
acetate (3 x SO mL) The combmed orgamc phases were washed with bnine, dned over
MgSO4 Removal of solvents in vacuo provided 3-methoxy-a-(1-naphthyl)benzy! alcohol
(4.25 g. 54%) GC-MS (R, = 10.41 mun) 264 (M), 245 231, 215, 202, 155, 135 128

109

To a solution of 3-methoxy-a~(1-naphthyl)benzyl alcohol (2.5 g, 9-5 mmol) in diethyl ether
(5 mL) was added 35% hydrochlonc acid (10 mL) at 0°C. The reaction maxture was
warmed to r ¢. 1n 1h, and then extracted with ethyl acetate (3 % 50 mL). The combmned
organic layers were washed wath aqueous NH4C] solution and brine, dned over MgSQy4.
Evaporation of solvents gave 3-methaxy-a-(1-naphthyl)benzyl chlonde (1 94 g, 72%) GC-
MS (R, = 1030 mun) 282 (M1), 247, 232, 215, 202, 189, 163, 151, 139, 123, 101

"

e G
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A muxture of trans-2,5-dimethyipiperazine (456 mg 4.0 mmol), 3-methoxy-a-(1-
naphthyl)benzyl chlonde (430 mg, 1.5 mmol) and thethylamine (2 mL) in dry DMF (10 mL)
was refluxed for 2h under nitrogen. after cooling down tort. the reaction mixture was
quenched wath 1 N agueous NH4OH solution, and extracted with ethyl acetate (3 % 50 mL)
The combined organic layers were washed with 0.5 N agueous NaOH solution, saturated
aqueous NH4Cl and brine, dned over MgSO4 Removal of solvents gave (1)-trans-1-(3-
methoxy-0-(1’-naphthyl)benzyl)-2,5-cimnethylpiperazine, which was used directly m the next
step GC-MS (two isomers R, =12 98 & 13 10 mn) 360 (M*), 301, 276, 247 232, 215,
189, 165, 131, 113

A mxture of shove ()-trans-1-(3-methoxy-a-(1-naphthyl)benzyl)-2,5-dimethylpiperazme,
K2003 (276 mg, 2 0 nunol) and allyl brorude (242 mg, 2.0 mmol) m DMF (5 mLYTHF
(10 mL) was stirred for 3h at r t. The reaction mixture was quenched with 1 N NH4OH and
extracted with ethyl acetate (3 X 50 mL) The cominned organic lyyers were washed wath
saturated aqueons NH4Cl and bnne, dned over MgSQ4 Evapomtion of solvents provaded
crude (1)-3-((aR*/$%)-0~((25* SR*)-4-Allyl-2,5-dimethyl-1-pperazinyl)-1
naphthyDanisole, which wese punfied by sihca gel column eluting with AcOE:-Hexane(2
98 — 100 0) to y1eld the two isomers (totally 267 mg, 45% from 2)

The first 1somer compound 4 GC-MS (Rq = 14.84 rmun) 401 15 (M++1, 0 3%) 400 15
Mt 09), 359 15 (0 6), 330 15 (0.4), 302.15 (3.2) 274 15 (B.0), 247.05 (23 0),215 10
(12.7), 202.05 (7-8),153 15 (100), 126.15 (10.1) &y (400 MHz, CDCQ3) 1 02 (d, J=6 4 Hz,
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6H) 215(dd J=i12, 64 Hz, 1H) 2.31 (dd J=112 64 Hz, 1H) 2.60 (m 1H) 274 (dd
J=112 3 2 Hz 1H) 280 (dd, J=11.2 32 Hz, 1H) 2.94 (dd J=136 72 Hz, 1H) 303
(dt, J=6 4 32 Hz, 1H) 320 (dd J=136 56 Hz, 1H), 373 (s 3H),5 12 (m 2H),573
(brs, 1H), 5 83 (m, 1H), 6 68 (dd, J=8 0, 2 4 Hz, 1H), 700 (d J=8 0 Hz 1H), 7 12 (m,
2H) 7.42 (m, 3H) 7 62(d }=72 Hz, IH) 771 (d, J=8.0 Hz, 1H), 7 80 (d, J=8 0 Hz, 1H),
8 28 (tws, 1H) 8c.13 (100 MHz, CDCl3) 132 142,356, 52.1 530,551 552, 572,
638 1116,1144,1172,1211,1238,1252,1257, 1258, 1272 1275, 1278, 1289,
132.1, 1340 1355 137.4 1455 159 S

Its HCl salt. mp 124-135°C (Bther) Vpax (KBr) cm ! 3483 1601, 1264, Anal Caled for
Cy7H32N20 2HC1 1 0Hz0- C, 6598 H 738 N 570 Found C,6612 H,725 N 542

The second 1somer compound § GC-MS (R; = 14.65 mun) 401.25 M*+1 02%) 40025
(M*,08) 359 15(04),330 i5 (D 4),302.15 (3 1) 274 15 (8.0), 247.05 (21 7), 215 10
(13 0) 202.05 (7.0),153 15 (100) 126 15 (97) &y (400 MHz, CDCl3) 093 (d, J=6 4 Hz,
3H) 115(d J=6.4 Hx, 3H) 2.14 (m, 2H), 2.37 (m 1H) 2 60 (dd, J=116, 2 8 Hz, 1H)
2.84 (m, 2H), 2 96 (m, 1H), 3 35 (dd J=13.2 52 Hz, 1H), 5 13 (m, 2H) 581 (s, 1H), 586
(m, 1H) 673 (dd J=80,2 8 Hz, 1H), 6 81 (s, 1H),6 84 (d J=80Hz, 1H) 7 16 (m, 1H)
740 (m, 3H), 7 70 (m, 2H), 780 (d J=8 0 Hz, 1H) 8 15 (d J=8.0 Hz, 1H), 8c.13 (100
MHz, CDCl13157, 163,38 8,536,550,556,56 8,593 636,1115 1156,1174,

1219,1246,1250,1251,1254, 1262 1274,1285,1289 1316,1339 1350, 1383,
1422 1594

Its HCl salt. mp 150 5-153°C (Bther), Vengx (KBr) cm ! 3483, 1600, 1262, Anal Calcd for
C27H32N20.2HQ 0.7SH20" C, 6659 H 735 N, 575 Found C,6641 H,703, N
548
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The compounds according to Examples 4-6 were synthesized as shown i Scheme 2 above.
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L FICDATALON O NetNoxY-~{ 2-NAnRINYLIDENZY] AICONOL (COmpounag ¢
‘The compound 6 was prepared by following the synthesis procedure as descnbed for
compound 1 but substituting 1 naphtaldehyde for 2-naphtaldehyde.

GC-MS (R; = 10 68 mun) 264 (M*) 247 231, 215 202 155 135 128 109; &y (400
MHz, CDCl3) 3 15 (brs 1H) 359 (s, 3H) 571 (s, 1H), 6 69 (dd, J=8 4, 2 8 Hz, IH) 6 87
(m, 2H), 7 11 (¢, J=8.0 Hz, 1H) 7.29 (dd, J=8.4 12 Hz, 1H), 735 (m, 2H), 7 63 (d, J=8 4
Hz, 1H) 770 (m, 3H) &8c.13 (100 MHz, CDCly) 550,759, 1121, 1128 1189, 1246
1249,1257,1259 1275 1279,1281,1293 1327,1331,1410, 1452 1595

The compound 7 was prepared by following the synthesis procedure as descnbed for
compound 2 but substituting compound 1 for compound 6

GC-MS (R, = 10 58 run) 282 M 1), 247 231, 215, 202, 189 151, 123, 101

The compound 8 was prepared by following the synthes:s procedure as descrnibed for
compound 3 but substituting compound 2 for compound 7

Used directly 1n the next step GC-MS (R; = 14 03 mun) 360 (M%) 331 301 276, 247,
219, 169, 131, 113
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The compounds of these Examples were prepared by following the synthesis procedure as
descnibed for Examples 2 and 3, but substituting compound 3 for compound 8

Compound 9 (one pure 150mer) GC-MS (R, = 16.05 run) 401.25 (0.2%) 400.25 (0 8),
359 1S (0.4), 330 15 (0 4), 302.15 (3 1) 274 15 (8.0), 247 05 (21 7) 215 10 (13 Q)
202.05 (7.0),153 15 (100), 126 15 (9 7), 5y (400 MHz, CDCl3) 1 36 (d, J=6.4 Hz, 3H)
141(d J=64 Hz, 3H) 3 16(dd J=132 2.4 Hz, 1H) 326 (d J=13 2 Hz, 1H) 346 (m,
1H), 3 86 (s, 3H), 394 (dd, J=11 2 2.8 Hz, 1H) 4 10 (m, 2H), 4 46 (m, 2H), 5 58 (m,
2H), 5 78 (s, 1H), 6.05 (m, 1H), 6 96 (dd, J=8 0, 2.0 Hz, 1H), 7 18 (s, 1H), 7 33 (m, 1H)
7.44 (m, 1H), 7 50 (m, 2H), 7 83 (m, 3H) 804 (d, J=8 0 Hz, 1H), 8 13 (s, 1H) 13 6 (brs,
2H)

Its HCI salt: m.p, 125-138°C (Bther), Vguax (KBr) cm™ 3426, 1600, 1262, Anal Calod.for
Cg7HazN20.2HCL 0 75HZ0- C, 66.59 H 7.35, N, 575 Found C, 66 80; H,7 11 N
542

Compound 10 (s nuxture of two 1somers) Its HC1 salt. m.p. 160-162.5°C (Bther); Venax
(KBr)cml 3380 1600, 1261 Anal Caled for C27H32N20 2HCL 0 50H0- C, 6721 H
7.31 N 58] Found C,6713,H,697 N 547
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The compounds according to Examples 7 11 were synthesized as shown mn Scheme 3
10 above
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The compound of thus Example was prepared by followang the synthesis procedure as
described for Example 1

GC-MS (R; =9 54 rn) 254 15 (M+, 100%) 237 10 (73 8), 221 05 (19 6), 194 10 (17 8),
16510(303),14705(767) 13510(692) 118 10 (35 4) 108 10 (26.5), 91 10 (47 1) &y
(400 MHz, CDCl3) 3 21 (brs 1H) 3 72 (s, 3H) 582 (s 1H) 6.47 (s, 1H) 6 80-7 50 (m,

The compound 12 was prepared by following the synthesis procedure as descnbed for
compound 2, but substituting compound 1 for compound 11..

&7
GC-MS (R; =9 08 mun) 272.05 (M*, 4 1%), 237 10 (100), 221 05 (4 5), 194 10 (14 7),
165 10 (23 1), 8y (400 MHz, CDCl3) 3 78 (s, 3H) 6 11 (s, 1H), 6 56 (s, 1H) 685 7 50
(m, 8H)

The compound 13 was prepared by following the synthesis procedure as described for
compound 3, but substituting compound 2 for compound 12

GC-MS (R; = 11 87 mun & Ry = 12,09 mun) 351 15 (M++1, 2.2%), 350 15 (M+, 8 6),
321 20 (0.4), 308 15 (0 2), 294 20 (18 3), 266.10 (58 6) 237 10 (100), 221.05 (3 0)
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194 10 (100) 178 05 (4 1), 165 10 (13 0), 131.05 (29), 113 10 (43 8) 5y (400 MHz,
CDCl3) (isomex at Ry = 11 87 mun) 0 92 (d J=6 4 Hz, 3H) 120 (d J=6 4 Hz, 3H) 192
(dd, J=112 108 Hz, 1H), 2 44 (m, 1H), 269 (dd J=112 10 8 Hz, 1H), 2.83 (m, 2H),
290 (m, 1H) 378 (s, 3H) 5.56 (s, 1H) 6.61 (s, IH), 6.80 (d J=8.0 Hz, 1H), 7.00 (d
J=8 0 Hz, 1H) 7 10 (s, 1H) 7 24 (m, 3H), 7 46 (4, J=8 0 Hz, 1H), 7 56 (d J=8 0 Hz, IH)
(isomer at Ry = 12 09 mun) 0 96 (d, J=6.4 Hz, 3H), 1 22 (d, J=6 4 Hz, 3H), 1 83 (dd,
J=112 108 Hz, 1H), 240 (m 1H) 2.65 (m 1H) 2.90 (m, 3H) 3 80 (s 3H) 547 (s, 1H)
6.63 (s 1H) 684 (m, 2H) 7.21 (m, 2H) 7 24 (m, 2H), 7 46 (d, J=8 0 Hz, 1H) 7 51 (d,
J=8 0 Hz, 1H)

Its HQl salt. m.p 115-125°C (Bther) Vgx (KBr) cm™® 3373, 1595 1257 Anal Calcd.for
CyaH26N205 1 70HCI 0 20H20- C. 63.51 H, 681, N, 673 Found C, 63 60- H, 6 80; N,
670

The compounds of these Examples were prepared by following the synthesis procedure as
descnibed for Examples 2 and 3 but substituting compound 3 for compound 13..

The first 1somer, compound 14 GC-MS (R; = 13 03 mm) 390 20 (M*+, 1.5%), 349 15

(0 4) 32010 (03) 292.10(1 7), 264.10 (4 2), 237 10 (25 1), 221.05 (1 4), 194 10 (5 2),
165 10 (5.5) 153 15 (100), 126 15 (4 8), 98 05 (8 7), 84.10 (17 8); &; (400 MHz, CDCl3)
097 (d J=6.4 Hz, 3H), 1.21 (d, J=6.4 Hz, 3H), 2.12 (m, 2H) 2.35 (m, 1H) 2 65 (m, 1H)
2.75 (dd, J=11 6,2 4 Hz, 1H) 2 81 (m, 3H), 3 42 (dd, J=13 6, 5.2 Hz, 1H) 378 (s, 3H),
5 14 (m, 2H), 5 51 (s, IH) 585 (m, 1H) 661 (s, 1H), 6 81 (dd F=80 2.4 Hz, IH) 701
(d J=80Hz, 1H) 711 (s, 1H) 724 (m, 3H), 7 44 (d, J=8 0 Hz, 1H), 7.54 (d J=8 0 Hz,
1Hy, ac.13 (100 MHz, CDCl3) 17.2, 17 5,53 1, 54 4, 55.2, 56 0 56.6, 59 2, 60.4, 106.8

F
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1113 1121,1142,1178,1206 1207,1226 1238 1281 1290 134 8,141 4 1549
1552,1596

Jts HCI salt: m.p. 122-128°C (Ether) Vimgx (KBr) cm' 3490, 1602, 1253 Anal Caled. for
Ca5H3N207 2HCL 0 25H20 C, 64 17, H,7.00 N, 599 Found. C,64 27 H,6 92, N,
59,

The second womer compound 15 GC-MS (R; = 13 23 nun) 390 20 (M, 3 1%), 349 15
(0 5), 292.10 (2.2),264 10(5 5), 237 10(332) 22105 (1 8), 194.10(7 1) 1651007 7)
153 15 (100), 126.15 (7 1), 98 15 (18 4) 84.10 (25 0), 5y (400 MHz, CDCl3) 1 00 (d,
J=6.4Hz,3H), 1 21 (d, }=6 4 Hz, 3H) 2.12 (m 2H), 2.48 (m, 1H), 2.61 (m, IH) 278 (dd
J=116,2.4 Hz, 1H), 283 (m, 3H) 342 (dd, }=136,56Hz, 1H),379(s 3H) 515(m,
2H), 540 (s, 1H), 585 (m, 1H), 6 64 (s, 1H) 686(m,3H) 720 (m,3H) 744 (d J=80
Hz, 1H) 7.50 (d J=8 0 Hz, 1H)

Its HQ salt: m.p, 97-104°C (Ether): Vax (KBr) cm’™? 3438, 1601 (s) 1260~ Anal Calcd.for
CasH3gN202.2HCL 0.50H20 C, 63.56, H,7.04, N, 593 Found C,6370- H,6.68 N,
583

The compounds of these Examples were prepared by following the synthesis procedure as
descnibed for Examples 2 and 3, except using cyclopropyl methyl 1odde and substituting
compound 3 for compound 13

‘The first 1somer, compound 16 GC-MS (R; = 14.87 nun) 405.25 (M*+1, 2.3%), 404.25
M, 8 2), 36220 (0.5), 349 15 (0.4) 320.20 (0.8), 292.20 (4 1) 291 10 (3.4) 265 10
(16.5). 237 10 (65.9), 194.10 (11.5), 167 20 (100), 140 20 (3 9), 124.15 (4.6), 98 15
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(44.0) 8y (400 MHz, CDCl3) 0 05 (m, 2H) 0.46 (m, 2H) 080 (m 1H),092 (d J=6.0
Hz, 3H) 121 (d J=6.0 Hz, 3H) 2.01 (dd, J=12.8, 7 2 Hz, 1H), .17 (m, 2H), 2.35 (m,
1H) 264 (dd J=132, 64 Hz, 1H) 266 (m, 1H) 272 (dd J=12.0, 2.4 Hz, 1H), 3 04 (dd
Jm112,3 2 Hz, 1H),375 (s, 3H), 5 50 (s 1H), 6 58 (s 1H), 6.79 (dd J=8 0, 2 4 Hz, 1H)
701 (d J=8 0 Hz, 1H), 7 09 (s, 1H) 7 20 (m, 3H), 7 41 (d, J=8 0 Hz, 1H), 7 51 (m, 1H), 5
C-13 (100 MHz, CDCY5) 3.2,47 74,174,177 531 545 552,560,583 592,608,
106 8, 1113, 1120, 1142 1206, 1207 1226,1237 1280 1290 1414, 154.8 1552,
159 6

Its HCl salt: m p 162 164°C (Ether) vgmax (KBr)cm © 3414 1599, 1255 Anal Calcd for
C26H32N202.2HCL 0 5H,0- C. 64 19 H 7.25 N 576. Found C,6443 H,730-N
578

The second 1somer compound 17 GC-MS (R, = 15 17 run) 405 25 (M*+1, 2 2%)
404 25 (M* 8 9) 362 10 (0 6) 349 15 (0 4) 320 10 (0 8),292.10(50),29110(39)
265 10(19.4) 23710(722) 194 10(128) 167 20 (100), 14010(39) 124 15 (4 8)

98 15 (45 5) &y (400 MHz, CDCl3) 0 08 (m 2H) 0 48 (m, 2H), 0 82 (m, 1H), 097 (d
J=64Hz,3H) 125(d J=64Hz,3H) 210(m 2H) 2.28 (dd, J=112,100Hz 1H) 249
(m IH), 2.62 (dd, J=13 2, 6.0 Hz, 1H), 263 (m 1H) 283 (dd,J=112,2 8 Hz, 1H),3 02
(dd J=112,32Hz 1H),378(s,3H), 543 (s 1H) 664 (s 1H) 6.87 (m, 3H), 7.21 (m,
3H), 7 45 (dd J=7 6, 1 2 Hz, 1H), 7 50 (m, 1H) 8¢.13 (100 MHz,CDCl3) 33,46,7 4
170 176,526 552,554 556 583 603,616,1057 1113 1125 1159 1205,
1221,1125, 123 5,128 4, 1289, 137 3,1550 1583,1593

Its HO1 salt: m.p. 92-105°C (Ether), Vaex (KBr) cm * 3398 1599, 1257, Anal Calcd for
Ca6H33N202.2HCL 0 5Ho0 C, 64 19-H 725 N 576 Found C, 64 38, H 7 14, N,
573
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L Preparation of 6-Ouinolinecarboxaldehvde

A muxtre of 6-methylqunoline (5 72 g, 40.0 mmol) and selemum oxide (444 g 400
mmol) was heated to 220°C for 1h. After cooling down the resudue was dissolved 1n ethyl
acetate (100 mL) The organuc solution was washed with brine, dned over MgSQy
Evaporation of solvents provided a sohd, which was recrystalized from cther-hexane (1 1)
muxture to give 6-quinohinecarboxaldehyde (3 45 g, 55%)

GC-MS (R; = 5 29 mm) 157 15 (M, 100%) 156 15 (92.2) 128 15 (629) 101 15(160)
51 (400 MHz, CDCl3) 7 53 (m, 1H) 8 21 (m, 2H) 8 33 (m. 2H) 906 (m 1H) 1021 (s,
IH) 8¢.13 (100 MHz,CDCl3) 1221 1266,1276 1307 1335 1342,1373 1508
1530 1913

The compounds according to Examples 12-17 were synthesized as shown in Scheme 4
above

The compound 18 was prepared by following the synthenis procedure as descnibed for
compound 1 but substituting 1-naphtaldehyde for 6-qunohinecarboxaldehyde.

GC-MS (R = 11 13 mun) 265 10 (M*, 49.0%), 248.05 (2.3), 204 05 (9 7) 156.05 (37 6),
13500 (100), 10900 (43 5) &y (400 MHz, CDCl3) 373 (s, 3H) 594 (s, 1H) 678 (d,
J=8 4 Hz, IH), 6 95 (m, 2H), 7 22 (m, 1H), 7.31 (m, 1H), 7 61 (d, J=8 4 Hz, 1H), 7 83 (s,
1H), 7 95 (d, J=8.4 Hz, 1H), 8.07 (d J=8 0 Hz, 1H), 8 73 (m, 1H) 8¢.;3 (100 MHz,
CDCl3) 552,757 1123,1131,119 1,121 2, 124.6, 128.5, 1294, 1296 1363 1421
1452,1476 1501 1598
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The compound 19 was prepared by following the synthesis procedure as described for
compound 2, but substituting compound 1 for compound 18

Used directly in the next step 8y (400 MHz, CDCl3) 3 73 (s, 3H), 5 98 (s, 1H), 6 8-8 2
(m, 9H) 8.80 (s 1H)

The compounds of these Examples were prepared by following the synthesis procedure as
deacribed for compound 3 but substitwting compound 2 for compound 19

GC-MS (R, = 14 91 mun) 361.20 (M*+ 0 8%) 332 15 (0 3) 306 15 (0 6), 302 15 (14 4)
277 15 (52.5) 248 05 (100) 233 00 (10 6) 204 05 (17 1) 17605 (27) 15105 (1 4),
142.10 (1 8) 11310 (19 9)

The first 15omer compound 20 8y (400 MHz, CDCl3) 106 (d J=6 4 Hz, 3H) 124 (d,
J=6 4 Hz, 3H), 1 84 (dd, J=11 6, 9 2 Hz, 1H), 2 60 (m, 2H) 2.77 (m, 2H), 3 06 (m, 2H),
3 80 (s, 3H), 5.44 (s, 1H) 677 (s, 1H) 6 83 (d, J=8 O Hz, 1H), 6 88 (dd, J=8 0, 2.4 Hz,
1H) 7 31 (m, 1H), 7 37 (m, 1H) 782(s 1H), 7 84 (m, 1H), 8 03 (d, J=8 8 Hz, 1H), 8 09
(d J=8 8 H, 1H), 8 87 (m, 1H)
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Compound 21 (a muxture of two 1somers ~25% compound 20) 8y (400 MHz, CDQl3)
120 (m 6H), 205 (m, 1H), 273 (m, 2H), 2 87 (m, 1H), 3 13 (m, 2H) 373 & 376 (s, 3H)
5138 (s 1H), 6 38 (tes NH), 6 70-8 15 (m 9H) 8 84 (m, 1H)

The compound of thus Example was prepared by following the synthesis procedure as
described for Examples 2 and 3 but substituting compound 3 for compound 20

GC-MS (R, = 17 22 mun) 401 25 (M* 03%) 36020(03) 33110(02),30320(17)
276 10 (4.5) 248 10(17 2) 233 10(4 5) 204 10(8 0) 176 10 (1 3), 153.20 (100), 126 20
(54) by (400 MH2,CDCl3) 10(d J=64 Hz 3H) 121(d J=64Hz,3H) 199 (m 1H)
220(m 1H), 256(m, 1H) 266 (m 1H) 271 (m 1H) 285 (m 1H), 290 (m, 1H) 337
(dd J=132 4Q0Hz 1H) 378 (s,3H) 517 (m 2H) 535(s 1H) 587 (m, 1H) 6.82 (m,
3H) 726(t,J=76Hz, 1H) 736(m 1H) 781 (s 1H) 788(d J=8 8 Hz, 1H) 803 (d
J=8 8 Hz 1H) 809 (d J=7 6 Hz 1H) 8 87 (m, 1H) ¢ 13 (100 MHz,CDCl3) 157, 164
52.0 537 552 555,568 589,659 1121 1163,1178,1209, 1225, 1265 1279
1289 1290 1302,134.8 1360,1392, 1411 1476, 1500 1595

1ts HC salt. m p. 128-140°C (Ether) Vmax (KBr) cm ! 3376 1596, 1263, Anal Calcd.for
C26H3;N30.2.30HCL 0 1H;0- C, 64 10- H 6,93 N, 8 62. Found C, 6408, H,692, N,
8135
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The compound of this Example was prepared by following the synthess procedure as
described for Examples 2 and 3, but substitutirig compound 3 for compound 21

GC-MS (R, = 17 21 mn) 401,35 (M*+ 0.4%), 360 30 (0.2), 331 20 (0 2), 303 20 (1 6),
276 10 (4.8) 248 10 (17 3) 233 10 (4 4), 204 10 (8 1) 176.10(1 3) 153 20 (100) 126 20
(5 6) By (400 MHz, CDCI3) 1 01 (d, J=6.0 Hz. 3H) 1 21 (d J=6.0 Hz, 3H) 195 (m 1H)
2.16 (m, 1H) 2.56 (m, 1H) 2.66 (m, TH) 273 (m, 1H) 2.80 (m 1H) 2 87 (m, 1H) 330
(dd, J=13 6 56 Hz, 1H) 377 (s, 3H), S 13 (m. 2H), 5 34 (s 1H) 582 (m, 1H) 6.77 (dd,
J=80 24 Hz 1H) 699 (d J=7 6 Hz, 1H) 711 (s 1H), 7 21 (d, J=8.0 Hz, 1H), 7 38 (dd,
Ju8 4,40 Hz, 1H) 759 (d Jm8 4 Hz, 1H) 766 (s 1H) 803 (d J=88 Hz, 1H) 811 (d
J=8 4 Hz, 1H) 8 88 (m, 1H) 8c.;3 (100 MHz. CDCl3) 153 162 519 534 552,553,
568 585 661,1118,1140,1176 1206.1211 1279 1283 1289 1291 1314
1349 1360 1371 1441 1477 1502 1596

Its HCl salt. m p. 177-182°C (Ether), Vmsx (KBf) cm | 3405 1597 1260+ Anal Calcd.for
Ca6H31N30 2.80HCI C, 62.01, H, 6.76° N, 8.34 Found C, 6198 H, 6.77, N, 803

The compounds of these Examples were prepared by following the synthesis procedure as
descnibed for Examples 2 and 3 but substinting allylbromde for cyclopropyimethyhoudide.

The first 1somer compound 24 GC-MS (R; =20 77 nun) 41525 (M+, 3.8%), 344.15
(24) 302 10 (9.5); 276 10 (S8 8) 248 15 (79 1) 233 10(17 2) 204 10 (29 4), 176 10




b¥

WO 97723466 PCT/SEI6D16S } 05

31

(42), 167 15 (100) 138 15 (14 2), 112 15 (47 0); 8y (400 MHz, CDCl3) 0 10 (m, 2H),

0 51 (m, 2H), 0 86 (m, 1H), 0 97 (d, J=6.4 Hz, 3H), 1 25 (d, J=6.4 Hz, 3H), 1 98 (dd,
J=112 8 8 Hz, 1H), 2 14 (dd J=13 2, 6.4 Hz, 1H) 2.32 (dd, J=108 5 6 Hz, 1H), 2 58 (m,
2H),2 66 (dd J=116 2.8 Hz, 1H) 273 (m, 1H) 307(dd,J=112 32 Hz 1H),378 (s,
3H) 539 (s 1H) 679 (s 1H), 6 84 (m, 2H), 7.26 (¢, J=8 0 Hz, IH) 7 35 (dd J=84,40
Hz, 1H), 783 (s 1H) 789 (d, J=8 8 Hz, 1H) 8 03 (d J=92Hz, 1H) 809 (d, J=8 0 Hz,
1H), 8 86 (dd J=4 0, 2.0 Hz, 1H), 8c.13 (100 MHz,CDC(13)3 4 4.4 7.6 162,169, 52.1
538 552,556 585,597,656,1120 116.3,1209 1226 1265 1279 1288 1290,
1302 1360 1391 1411 1476 1499 1594

Its HCl salt. m p. 127 157°C (Ether), Vmax (KBr)cmlm 1596 1262, Anal Calcd for
C27H33N3O 3HCI 075H0- C,6023 H 702 N 780 Found C 6049 H 700 N
773

The second isomer compound 25 GC MS (R; = 20 73 mun) 41525 M+ 3 2%) 344 05
(23) 30210(77) 276 10(48 5) 248 15(696) 233 10(157) 204 10 (25 8) 176.10
(37) 167 15 (100) 138 15(122) 112 15 (46 8), &y (400 MHz, CDCl3) 0 17 (m, 2H)
056 (m, 2H) 097 (m, 1H) 1 11 (brs 3H) 1 27 (brs, 3H), 2 24 (m, 1H) 238 (m, 1H)
251 (m 1H) 261 (m,1H) 287 (m,3H) 313(m 1H),377(s,3H) 534(s I1H) 678 (d
J=8 0 Hz, 1H), 6.98 (d J=8 0 Hz, IH) 7 08 (s, 1H) 7 22 (1, J=8.0 Hz, 1H), 7 39 (dd,
J=84,4 4 Hz, 1H) 760 (d J=8.4 Hz, 1H), 7 73 (s, 1H) 804 (d,J=8 8 Hz, 1H) 8 16 (d,
J=8 4 Hz, 1H) 8 89 (d, I=4.0 Hz, 1H) 8c.13 (100 MHz, CDCl3) 407 437 69,148
151 514,552,562,582,603 664,111 8 114.2,1206, 121.2,1280 128 1,129 2,
1310 1360 1370, 143 8, 1477, 150 3 1596.

Its HQ! salt. m.p. 92-105°C (Ether) Vimax (KBr) cm’’ 3345, 1596, 1259
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‘The compounds according to Examples 18 20 were syntheaized as shown mn Scheme 5
10 above.
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The compound 26 was prepared by followng the synthems procedure as described for
compound 1 but substituting 1-naphtaldehyde for 4-quunolinecarboxaldehyde.

GC-MS (R; = 10.81 mun) 266 10 M*+1 11 8%) 265 10 (M, 61.0) 248 05 (6 1) 232.00
(6 2), 216.05 (4.7), 204.00 (10 5), 191 05 (2 0), 176 00 (3 8) 156.00 (13 9) 135 10 (100),
129 10 (86 6), 109 10 (68 2) 102 10 (25 5) &y (400 MHz, CDC13) 3 67 (s 3H) 530 (brs
1H) 641 (s 1H) 676 (d J=7 2 Hz, 1H) 690 (m, 2H) 7 18 (t J=7 6 Hz, 1H) 7 38 (m
1H), 7.56 (t. }=7 6 Hz, 1H) 7 62 (m 1H), 792(d, J=8 4 Hz 1H), 800 (d J=8 4 Hz, 1H)
864(dd J=4 4 12Hz, IH) 8¢c.13 (100 MHz, CDCl3) 551 72.1 1130 1132 1185

1195 1239 1257 1265 1290 1295 1297 1438 1478 1491 1499 1597
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The compound 27 was preparcd by following the synthesis procedure as descnbed for
compound 2, but substituting compound 1 for compound 26.

Used directly 1n the next step GC-MS (R = 10 54 mun) 285 10 (M++2, 11 5%), 283 10
(M*, 33 10), 268 05 (0.2) 248 15 (100) 233 10 (37 0), 217 05 (27.2), 204 10 (45 5)
178 10 (59) 176 10 (11 5) 15110 (57), 13905 (2.1) 108 60 (110) 102 10 (17 4)

The componnd of thus Example was prepared by following the synthesis procedure as
described for compound 3 but substituting compound 2 for compound 27

GC MS (R, = 13 96 mm) 362.20 (M*+1, 1 4%), 361 20 (M*+ 6 6), 306 10 (20), 302 15
(18 3) 277 15 (59 6), 248 15 (100), 233 10 (15 8) 204 10(209), 176.10 (3 B), 151 00
(18) 14315(14),113 15(158) &4 (400 MHz, CDCl3) 092 (d J=64 Hz,3H), 1 12 (d
J=6 4 Hz, 3H), 1 82 (dd, J=11 6, 10 0 Hz, 1H) 2.52 (brs, 1H) 262 (dd, J=116 2.8 Hz,
1H) 272 (m, 1H),2 77 (m, 1H) 288 (m, 1H), 298 (dd J=116 2.0Hz, 1H) 372(s,
3H) 586 (s, 1H) 6.69 (s, 1H), 672 (d, J=8 0, 1H), 6 78 (dd, J=8.0 2.4 Hz, 1H), 720 (s,
J=8 0 Hz, 1H), 7 37 (1, J=8 0 Hz, 1H), 7 60 (¢, J=8 0 Hz, 1H) 7 65 (d J=4.4 Hz, 1H),7 99
(d =88 Hz, 1H),809(d J=8 0 Hz, 1H), 889 (d J=4 4 Hz, 1H)
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The compounds of these Examples were prepared by following the synthesis procedure as
descnibed for Examples 2 and 3 but substituting compaound 3 for componnd 28

The first isomer compound 29 GC-MS (R, = 15 97 mm) 401 15 (M* 0 8%) 360 20
(08) 30315 (33) 27615(57) 24805 (153) 21705 (6.3) 204 10 (10 4) 176 00 (2.2)
153 20 (100) 126 10 (5 3), 98 10 (13 8) &y (400 MHz, CDCl3) 0 96 (d. J=6 O Hz, 3H)
114(d J=60Hz 3H) 201 (m, I1H) 216(t.J=100 Hz, 1H) 247 (m, 1H),259 (d
J=112Hz, 1H) 286 (m, 2H) 295(t,J=60Hz 1H) 336 (dd J=136 44 Hz, 1H) 372
(s 3H) 515(m 2H),577 (s, 1H) 585 (m, 1H) 674 (m 3H) 7 17 (1, J=7 6 Hz 1H)
7.38 (1, J=8 0 Hz, 1H), 7 60 (dd, J=7 2, 0.8 Hz, 1H) 773 (d }=4.4H2. 1H), 800 (d, J=8 4
Hz, I1H) B.08 (d J=8 8 Hz, 1H), 8 90 (d J=3 6 Hz, 1H), &¢ 13 (100 MHz CDCl3) 159
166 538 551 555 567 594 632 1120 1157,1177 1206 1219 1244 1260
1268 1286 1293,1301 1348,1403 1485 1486,1502 1595

Its HCl salt mp 158 166°C (ACOE!-Ether) Vmax (KBr) cm’ 3400 1596 1263
Anal Caled for CagHayN3O 3 OHC1 0 9H20- C, 5924, H 6.85 N 797 Found C 5931
H,69%4 N 780

The sccond isomer compound 30 GC-MS (R; = 16 19 run) 401 25 (M+ 0.5%), 386 20
(02) 36020 (07),33110(03),30315(33),27615(47) 248 15(137),23310(5 8)
217 05 (4.9) 204 10 (9 8), 176.10 (1 8), 153.20 (100) 126 20 (5.2), 98 10 (13 9), bgy (400
MHz, CDQY3); 8¢-13 (100 MHz, CDQYy)

Its HQl salt: m.p. 155-165°C (AcOEt-Ether)
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The compounds according to Examples 21-22 were synthesized as shown in Scheme 6

15 4-Formyl-N,N-ciethylbenzamude (2.088 g, 10 1 mmal) was dissolved 1n 45 ml of anhydrous
THF The solution was cooled down to -78 °C, followed by a dropwise addition of 10 1 ml
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(10 1 mmol) of a 1 0 M solution of 4-Chloro-phenylmagnesium bromude 1n ether The
mxturc was wanmed up to room semperature withun 3 hours. Then 50 mi of a saturated
NH4Cl-solution was added and the mixture was extracted with ethyl acetate (3x30 ml) The
combined orgamc layers were washed with water (2 x 30 ml) and brine (1 x 30 ml), dned
(Na3S0g), filtered and the solvent was removed 1n vacuo The renidue was
chromatographed on sihica gel eluting wath methanol dichloromethane (1 125 -3 125) to
yiled the title compound as a coloriess o1l

Vinax (KBrychSSZ9 2977 1595 1461 1289 1094 1051, 830 &; (400 MHz, CDCl3)
109(3H brs) 121 (3H brs) 322(2H brs) 333(1H d J3) 350(2H brs) 574
(1H.d 13) 722734 (m, 8H)

The compound 32 was prepared by following the synthesis procedure as described for
compound 2 but substtuting compound 1 for compound 31

Used for the next step wathout further punfication,

The compound of this Example was prepared by following the synthesis procedure as
descnibed for componnd 3, but substtuting compound 2 for compound 32.
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mp 112-113°C (from acetomitnle) Vmex (KBrycm ' 3347 2947 2809 1615, 1451, 1318,
1284 1094 836, Bgy (400 MHz, CDCl5) 1 10 (3H, br 5), 121 (3H br's), 1 69 (IH brs),
233 (4H brs), 2.86-2.89 (4H, m) 3.24 (2H, brs), 3.51 (2H brs) 422 (1H, ) 723-7 41
(8H m), C22H2gN30C ¢ 0 3 H20 requures.

C-6752H 737N 1074 Found C:6768H 737N 1073

Preparation of (1) 4-((gt~((4-Allvi)-1-piperazinyi)}-4-chlorobenzyll-N,N
dicthvibenzamide e 2HC] (compound 34)

The compound of this Example was prepared by following the synthests procedure as
descnbed for Examples 2 and 3 bat substtuting compound 3 for compound 33

mp 147-163°C (from cther) Vinas (KBriem | 3418 2974 2355 1626 1435, 1286, 1092,
945 812 53 (400 MHz, CDCl3) 106 (3H brs) 119 (3H brs) 30-37 (14H, m) 5456
@H m) 60-62 (1H, brm) 72-78 (9H m) CzsH34N2OCl; requires

C 6018H 687N 8.42 Found C 6048 H 689N 831
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The compounds according to Examples 23-24 were synthesized as shown in Scheme 7
above.

G,
L

{compound 25)

The compound 35 was prepared by followmng the synthesis procedure as descnibed for
compound 1, but substituting 3-bromoansale for 2-bromoamsole, and 1-naphtaldehyde for
N,N-diethyl-4-carboxybenzamuie..
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Venax (KBr)/om * 3302, 2976 1607 1430 1290, 1098, 813 8y (400 MHz, CDCl3) 1 09
(3H, brs) 122 (3H brs),2 60 (1H,d J3) 324 (2H,brs) 352 (2H brs) 600(1H d,J
3),7 30-7.50 (7H, m), 7 76-7 88 (4H, m)

The compound 36 was prepared by following the synthes:s procedure as descnbed for
compound 2, but substituting compound 1 for compound 35

Used for the next step without further punfication

The compound of this Example was prepared by following the synthesis procedure as
descnibed for Example 1, but substituting compound 2 for compoand 36

mp 106-108°C (from acetorutrile), Vamax (KBri¥om | 3324, 3052 2964, 2810, 2774,

1613 1465 1287, 1130 1098 Sy (400 MHz, CDCly) 107 (3H, brs), 1 19 (3H brs) 189
(1H, brs), 2 40 (4H, br s) 2 89-2.92 (4H, m), 3.21 (2H, br 5), 3.50 (2H, br 3) 4.41 (1H, 3)
7.24-7 84 (11H 3m) CagH31N30 » 0.9 H20 requures

C 7475H 791N 10.06 Found C 74.68H 7.56 N 1038
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The compound of this Example was prepared by following the synthesis procedure as
described for Examples 2 and 3, but subsatuting compound 3 for compound 37

vm(KBr)IGnISOﬁ 2968 2805, 1629 1426, 1288 1141 1095 921, §17 &y (400
MHz, CDCl3) 106 (3H brs) 119(3H brs), 249 (6H brs) 300 (2H, m), 320 (2H br
s) 349(2H brs) 441 (1H 5),508-522(2H m) 578 592 (IH m) 7 26-7 84 (11H
m) CasH34N30C13 ¢ 0 6 H20 requires

C 7699H 807N 929Found C-7706H 809N 932 %
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The compounds according to Examples 25-26 were synthesized as shown m Scheme 8
above.
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The compound 39 was prepared by following the synthesis procedure as descnibed for

compound 31, but substituting 4-chlorophenylmagnesiumbronude for 4-
toluylmagnesiumbromude.

vm(KBr)fanlﬂﬂ.zWO. 1602, 1455 1381 1291 1101 1054 802, &y (400 MHz,
CDCl3) 109(3H brs) 122(3H,brs) 233(3H s) 255(1H brs), 324 (2H brs) 352
(2H brs) S78(1H d,J 3) 7 11 7 41 (8H, m)

The compound 40 was prepared by following the synthesis procedure as described for
compound 2

Used for the next step without further punfication

The compound of this Example was prepared by following the synthesis procedure as
descnibed for compound 3
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m.p 129-132°C (from acetomtrile) Vmay (KBr)Icm'l 3320, 2957, 2811, 1610 1437 1285,
1128 1010 838 & (400 MHz, CDCl3) 1 10 (3H, brs) 1.20 (3H brs), 1.83 (1H, br s)
2.30 (3H, 8), 2.34 (4H br s), 2 86-2.89 (4H, m), 3 24 (2H, br s), 3 51 (2H, brs) 4.20 (1H,
8), 7 06-7.46 (8H, 3m) Cz3H31 N3O requires

C 7558H 855N 1150Found C-7530H 854 N 11 56.

The compound of thus Example was prepared by followang the synthesis procedure as
described for Examples 2 and 3

mp >160°C dec (from ether) Voax (KBricm © 3437, 2073 2402, 1625, 1433, 1289,
1097 944 809 &y (400 MHz, CDCl3 free base) 1 10 (3H, brs) 120 (3H brs) 229
(3H ) 235-2 60 (6H, m) 303 (2H m) 324 (2H brs) 352(2H brs) 422 (1H 3)
512523 (2H m) 581-593 (IH m) 705-7 45 (8H 3m)
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The compounds according to Examples 27 were synthesized as shown 1n Scheme 9 above.

L
w L

‘The compound 43 was prepared by following the synthexs procedure as descnbed for
compound 31, but substtuting 4-chlorophenylmagnesiumbrornude for
m-toluylmagnessumbronude.
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vax (KBrycm | 3406, 2972, 1613 1429, 1360 1287 1097, 1053 789 Sy (400 MHz,
CDCl3) 110 (3H, brs) 122 (3H brs) 234 (3H s) 2.55 (IH,d J35),3 25 (2H brs),
352 (2H brs), 580 (1H,d J 3),7 12-7 42 (8H, m)

The compound 44 was prepared by following the synthesis procedure as descnibed for
compound 2

Used for the next step without further punficaton.

The compound of this Example was prepared by following the synthesis procedure as
described for compound 3

m.p >130°Cdec (from cther), Vmex (KbeMem | 2971 2805, 2715, 1624, 1434, 1289,
1096 783, 8y (400 MHz, CDQl3, free base) 1 10 (3H, br s) 120 (3H, br 3), 2.31 (3H, 5),
2.35-2 45 (SH, m), 2.89-2 92 (4H, m), 3 25 (2H, br s), 3 51 (2H, br 5), 4 19 (1H, 5), 6.98-
746 (8H 4m)
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The compounds according to Example 28 were synthesized as shown in Scheme 10 above,

‘The compound 46 was prepared by following the synthens procedure as described for
compound 31
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&1 (400 MHz, CDCly) 0 85-2.0 (18H m), 3 26 (2H, br 5), 3 53 (2H, br 5), 4.35-4 43 (1H,
m) 7 28-7 36 (4H, m),

‘The compound 47 -was prepared by following the synthesis procedure as descnbed for
compound 2.

Used for the next step without further punficanon

The compound of this Example was prepared by following the synthesis procedure as
descnibed for compound 3

m.p. 113-116°C (from acetonitrile), Vinex (KBrifem | 3330 2936, 2845 1623 1431 1286
1096 823, 8y (400 MHz, CDQl3) 0 64-2.02 (18H, m), 2.18-2.40 (4H m), 2 75-2.87 (4H

m) 306 (1H,d,J88),327 (2H, brs) 3.52(2H brs),711(2H,d,J84),729 2H,d J
84),
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Scheme 11
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The compounds accoring to Examples 29 were synthesized as shown in Scheme 11 above.

The compound 49 was prepared by following the synthesis procedure as descnbed for
compound 1
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Sy1 (400 MHz, CDCl3) 1.09 (3H, br s) 2.23 (6H, s), 2 85 (1H,d, 7 3),324 (2H, br 5) 3 51
(2H brs), 573 (1H, d, J 2), 7 03-7 12 (m, 3H), 7 26-7 39 (m 4H)

IL Prepar

The compound 50 was prepared by following the synthesis procedure as descnbed for
compound 2

Used for the next step without further punfication

The compound of this Example was prepared by following the synthesis procedure as
described for compound 3

Vinax (KBryemn | 3304, 2039, 2810 1626 1429 1286 1096, 846 By (400 MHz, CDCl3)
111 (3H brs) 120 (3H, brs) 187 (1H, brs), 2.20 (3H 3) 2.22 (3H, ), 2.34 (4H, br 5)
2 86-2.89 (4H, m) 3.25 (2H, brs) 3 51 (2H, br 5), 4 15 (1H, 3), 7.02-7 15 (3H, m) 7 26-
7.30 (2H, m), 7 42-7.46 (2H, m)
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Oy (400 MHz, CDCl3) 106 (3H brs) 120 (3H brs),301 (IH d J4) 321 (2H brs)
349(2H,brs) 6.47(1H d 14),724-748(7H m), 7 55-7 58 (IH m) 7 78-7 87 (2H
m), 798 801 (1H m)

IL Preparation o
{compound S3)

The compound 53 was prepared by following the synthesis procedure as descnibed for
compound 2

Used for the next step without further punficanon.

The compound of tus Example was prepared by following the synthesis procedure as
described for compound 3

Vmax (KBr)/em ! 3307 3050 2966, 2814, 1625, 1431, 1287, 1098, 843 797, &y (400

MHz, CDC13) 1 04 (3H, brs), 1 17 (3H, brs) 2 14 (1H, br 5), 240 (2H, br 5) 2.46 (2H br

8), 2.83-2 95 (4H, m) 317 (2H bxs), 3 48 (2H, br s), 505 (1H, 8), 7 22-7.28 (2H m),
7.40-7 54 (5H, m), 7 70-7 94 (3H, m), 8.40-8 43 (1H, m),
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‘The compounds according to Examples 31-42 were synthesized as shown in Scheme 13

N z-Butoxycarbonyl-2-anmunoisobutyric acid (S 0g, 25mmol) and D L-alamine methylester
hydrochlonde (3.5g, 25mmol) was dissolved 1n dry dichlaromethane (SOmL) and caoled to
0°C. Tnethylamne (3.SmL., 25mmol) and then 1-(3-dunethylarmnopropyl)-3-ethyl-
carbodumide hydrochlonde (4 8g 25mmol) was added and the muxture was stured at 0°C
until lumps dissolved. The reaction mixture was then left in the freezer 4d at -20°C. The
organic solution was washed with water 1M citnic acid (aq ), water dried (Na2SOy4) and
evaporated In vacuo to give 6 0g (83%) of coupling product. Most of the coupling product
(5g) was dissolved in formuc acid (50mL} and sturred 12h at 25°C. The acid was removed
in vacuo and the residue dissalved 1n 2-butanol and heated at reflux for 4h The solution
was cooled to 0°C and the crystals filtered off and dned 18 vacuo at 100°C. Yield 2 6g of
pure compound 55 (82%) which could be recrystallized from methanol mp >300°C. IR
(Kbr) (cm-1) 3000 (br), 1680 (s) (C=0) THNMR (D20) 8= 475(s 2H NH) 421 (q
1H, CHMe) 1 50-1 42 (m 9H, 3Me) C7HjaN20O2requures C 5383 H 774 N 1794
Found C: 53 89,H 790 N 1779

Compound 55 (2.2g, 14mmol) was dissolved on dry THF (120mL) Littuom almmmnom
hydrude (42mL, 1M i THF) was added mn small portions. When addibon complete, the
solution was heated at reflux over mght. The solution was allowed to cool, then excess
hydnde was destroyed by dropwise addition of water (1 6mL) NaOH (1.6ml., 15%
solution) and water (4.8mL) The granular prectpitate was filtered off and solvent
evaporated In vacuo The residue was dissolved 1n dichloromethane, dried (K2CO3) and
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evaporanon of solvent in vacuo gave 1 5g (84%) Treatment with excess HQl 1 ether gave
the dihydrochlonide compound 56 wiuch could be recrystallized from methanol/ether mp
>300°C. IR (cm-1) ,KBr 2760, 1570 (RaNH2+) MS (amune) 128, 113, 84, 71, S8 a
NMR ( D20+DSS) 8=270 2 50 (m, SH, CH>-N CH-N), 1 14 (s, 3H 1 Me) 1.00-094
(s+d 6H, 2 Me) CyH gN2x2HCl requures C- 41 80 H 9.02, N 1393 Found C.42.03,

H924,N 1400

4-{Chloro-(3-methoxyphenyl)methyl)-N,N-dicthylbenzamude (0 61g, 2 Ommol) and
compound 56 (0.50g, 3 9mmol) was dissolved in dry acetomnle (SmL) Potassium
carbonare (0 26g 2 Ommol) was added and the mixture heated at reflux for 2d The solvent
was removed {n vacio and the residue purified by flash chromatography on silica
(CH2QMeOH/NH;3(aq )) 98 1 11095 5 1 to yreld 0 65g (79%) Treatment with excess
of HCl in ether, filtenng and drying crystals in vacuo over KOH gave the dihydrochlonde
compound 57, mp 134-36°C. IR (HCI salt, KBr) (cm-1) 3400 (br OH) 2900 (br,
RaNH+) 1600 (s, C=0 or RoNHa+) 1283 1038 (C-O0) MS (amine) 3 peaks 423 353,
325 296,127 '"HNMR (amne, CDCl3) 8=7 40-6 60 (m, 8H, Ar-H), 5 26, 5.25, 4 61
(3s 1H,CHAr),370(s, 3H, MeO) 34,32(2br s 4H MeCH), 3 1-20 (m, 5H,
piperanne-H), 1 3-09 (m, 15H, SMc) CygH37N302 x2HCl requires C. 62.89 H 792, N
846 Found C: 6341 H 838 N 856

Compound 57 (0.392,0 92mmol) was dusolved m dry acetomtrile (Sml) Potasgrom
carbonate (0 13g 0 92mmol) and allyt bromide (901L., 1.02mmol) was added After 3h at
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25°C the solvent was evaporated and the remdue punified by flash chromatography on silica
(CH2Q12/MeOH) 98 2 to 95 5 to grve a total of 0 39g (92%) Treatment with excess of
HC] 1n ether, filtenng and drying crystals in vacuo over KOH gave the dihydrochlonde,
compound 58, mp 105 21°C. IR (HQQ salt, Kbr) (cm-1) 3400 (br OH), 2500 (br
R3NHz+), 16200 (s) (C=O or RzNHz+), 1285, 1043 (C-0) 'H NMR. (amme, CDQ3) §=
7.50-6 60 (m, 8H, Ar-H), 5 70 (m, 1H, allyl-H), 5.00 (m, 2H, allyl H), 4.70 (s, 1H,
CHAr3),370 (s 3H, Mc0), 3 5+3 3 (2br s 4H, MeCHy), 3 0-1 9 (m, 7H, prperazine-H)
12-0 8 (m, 15H, SMe) C29H4tN3O2 x2HClrequures C 6491 H 808 N 783 Found C
6570 H 860, N 829

Compound 56 (0 14g,0 91mmol) was dissolved in acetonutnle and allyl bromude (80uL,

0 91mmol) was added at 0°C. After 1h ancther portion of allyl bromude was added. After 2h
the solvent was evaporated and the residue punfied by flash chromatography on silica
(CH2Q12/MeOH), 95 5 10 80 20 to give the monoallyl compound 59 116mg (69%)

‘The compound of this Example was prepared by following the synthesis procedure as
descnbed for Example 3

Mp 125-30°C. IR (ZHCY, KBr) (cm-1) 3430(br) 2978 2480(br ), 1607, 1436, 1285
MS(frec amne) 366 296, 167 'H NMR. (D0 +DSS) & =7.60-6 90 (m, 9H, Ar-H), 6 0-
55 (m, 4H allyl-H + ArpCH), 3.80 (25, 3H, Mc0), 4.0-3 7 (m, 11H, allyl-H piperazine-H,
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amude-CHj), 1.3-1 0 (m, 15H, piperazne-Me, amude-Me). Anal calc for CagHgiN3O7 x
2HCx29H0 C5915,H835,N7 14.Found C.5905 H800 N 722

56 (42mg,0 33mmoel) and pomsmium carbonate (46mg 0 33mmol) was dissolved ;n water
(2ml.) and di-¢-butyl dicarbonate (79mg 0.36mmol) was added Afier snmng 1h the
solvent was cvaporated In vacuo and the residuc punfied by chromatography on silica
(CH2Q2/MeOH) 90 10 to give 43 mg of the mono N Boc protected 55 which was
dissolved 1n dry acetorutrile together with potagsium carbonate (26mg, 0 19mmol) and 4-
{Chloro-(3-methoxyphenyl)methyl)-N N-diethylbenzarude (63mg 0 19mmol) Afier
heating 4 days at reflux the solvent was removed in vacuo and residue purnified by
chromatography on sdica (CH2Clo/MeOH) 100-0 95 5 Treatment with formuc acad (Sml)
for 3h evaporation of solvent in vacuo and extraction of the residue with CH;Clp/IM
NaOH, drying of the organic phase (K2CO3) and evaporation of solvent in vacuo gave
27mg (33%) of the free amine Treatment with excess HCl 1n ether gave the dihydrochlonde
which was dissolved 1n water and freezedned. mp 145-50°C. IR (2HC1 KBr) (cm-1)
3500-3400(tr), 1601 1442 1285 MS(free amunc) 423,296 325 127 'H NMR. (CDCl3)
8=7.4-66(m, 8H Ar-H), 539,536(2s, 1H ArpCH), 375 (5, 3H, MeO) 35,3252 r
s,4H amude-Me) 2 80, 2.50, 2.05 (3m, SH, piperazine-H), | 5 (bx.s, 1H N-H), 1 25-10
(br m, 6 H, amude-Mc), 1 15 (s, 3H Me), 090 (d 3H, Me), 0 85 (s, 3H Me) Calc. for
Cz6H37N302 x2HCi x 7 4 H2O- C:49.58 H8 61, N 6.67 Found C:4961 H.773 N

6 56
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‘The compound 62 was prepared by following the synthesis procedure as descnibed for
compound 1

MS 282,211 165 105 '"HNMR (CDCl3) §="738 7.20 (m, 9H), 5 80 (d, J=3 SHz, 1
H),35 32(2brs 4H), 12 105 (2br s, 6H)

The compound 63 was prepared by following the synthems procedure as descnibed for
compound 2

GC MS (2 peaks) 296 225 165 121 and 300, 266 229 195 165 'H NMR (CDCl3) &
= 7.45-720 (m 9H), 609 (s 1H) 34 (br m,4H), 1 |1 (br m, 6H)

The compound of this Example was prepared by following the synthesis procedure as
described for compound 3
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Mp 157-69°C. IR (anune, CDC13 n KBr cell) (cm-1) 3690 3630, 1613, 1435 1265 MS
(frec amune) 351, 306, 295, 266, 194 165 IHNMR.(ﬁeemme.C.Dﬂg) 5746716
(m, 9H, Ar-H), 4 24 (s, 1H, CHAr), 3.5 +3.2 (2 br s, 4H, MeCH,), 2.89 (m, 4H,

piperazine-H), 2.36 (br 5, 4H, piperazine-H), 1 94 (brs, IHLNH) 12+1 1(2br s, 6H,
2Me) Anal calc for CooHoN30 x 2HQI x1 90 Hz0 € 5761 H 765, N 9 16 Found

C 5759 H 766 N 892,

The compound of tus Example was prepared by following the synthesis procedure as
descnbed for Examples 2 and 3

Mp 175-205°C IR (amune CDCl3 m KBrcell) icm-1) 3689 1613 1455 1434 1290
1143 MS (free amine) 391 165,125 'HNMR (free amune CDCl3) §=7 42-7 12 (m,
9H Ar-H) 581 (m, 1H allyl-H), $ 10 (m, 2H allyl H) 423 (s, IH CHAr;),35+32(2
B s, 4H MeCHp) 3.00 (m,2H allyl-H) 26-2.4 (br 5, 8H piperezine-H), 11 (21tr s,
6H 2Me) Anal. calc. for CosH3sN30 x2HC1x1.0H20,C-6223,H 773 N 871 Found
C 6222,H 749, N 8.42.

(D,L)-N-t-Butoxycarbonyl-alanme (5.0g, 26mmol) was dissolved 1n methylene chionde
(50mL) wath triethy! srmne (8 1mL), dried wath 4A molecular sieves and transfered to dry
flask under nitrogen. i-Butyl chioroformate (3.8mL., 29mmol) was added at - 10°C. The
Solution was stured 15mun  then D,L-serme methylester hydrochlonde (4.1g, 26mmol) was
added and the solution was allowed to reach 25°C and strured 12h Wastang the solution
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with bnne, drying (MgSO4) and evaporating solvent in vacuo gave a sohd wiuch was
treated with formuc acxd for 1h. The acud was remaved ir vacuo and the residue dissolved in
anhydrous 2-butanol (SmL) and heated at reflox 2 days. The solvent was removed and the
resxiue crystalized when treated with acetone to give 1g of compound 66 (24%)

n .Il-1‘.

‘The compound 67 was prepared by followmng the synthesis procedure as described for
compound 55

Compound 67 (0 41g 3 Immol) was dissolved 1n dry DMF (SmL) Chloro-¢
butyldiphenylsilane (0 95g, 3 4mmol) and :mnudazole (0 47g 6 Smmol) was added and
sturing was continued 12h The product was extracted by adding ethyl acetate brine and
1M NaOH and shaking. The organic phase was dried and evaporated i1n vacuo
Chromatography of the residue on siica (CH2Clo/MeOH, 1000 95.5, 90 10 and 80 20)

gave 0 39g (34%) pure compound 68.

The compound of tns Example was prepared by following the synthesis pracedure as
described for compound 3

Mp 145-50°C. IR (ZHC1 KBr) (cm-1) 3300(br) 2700(br), 1612, 1446, 1382, 1296, 1080
MS(frec amine).381 218, 181 91 'HNMR (free amne, CDCl3) &= 7 44-7 18 (m, 9H
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Ar-H) 517 514 (2s 1H,ArCH»), 3 75-2 60 (m, 12H pmperazine-H, amsde-CH3) 202 (m,
1H, piperazine-H), 1.30-1 05 (m, 9H, piperazine-Me + amude-Me) Anal calc. for
Ca4Hy3N302 x2HCI1x 1 8 H20 C-5755,H 777 N 8.39 Found C 57.05,H 767, N
819

The compound of thus Example was prepared by following the synthesis procedure as
described for compound 3

Mp 185-90°C IR (2HC1 KBr) (cm-1) 3500-2500(br) 1596 1440 1045 'H NMR (free
armne, CDCl3) &= 7 40-6 60 (m, 8H, Ar-H) 505 510(2s 1H AroCH) 3 70 (s, 3H
MeO) 38-25(m 12H piperazine, amude CH3) 1 2-1 0 (br s, 9H amude-Me piperanne
Me)

The compound of this Example was prepared by following the synthesis procedure as
described for Examples 2 and 3

Mp 125-30°C. IR (ZHCI, KBr) (cm-1) 3400(tx) 1603 1445, 1285 MS(free armne) two
peaks. 310, 239, 135 and 312, 241, 135 'H NMR. (frec amnc, CDCl3) & =7 50-6.70 (m,
8H, Ar-H) 580, 5.20 500 (3m, 3H, allyl-H) 40-2.3 (m, 14H, prperanne-Hallyl-H,
amude-CHz) 3 80 (s, 3H, McO), 12 (br s, 6H, amude-Me) AnaLcak. for CosH3sN3O3
x2HC1 x3.7 HzO- C:55.57, H 8.06, N 6 94 Found C: 55.53, H-7 82, N 7 16.

L
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The compound 72 was prepared by following the synthesis procedure as descnibed for
compound 1

MS 264 155 135 128, 109 101 Ta NMR (CDQA3) 8=790-678 (m, 11H Ar-H) 598
(d J=35Hz, 1H ArpH) 378 (s, 3H MeO) 232(d J=35Hz, 1H, OH)

‘The compound 73 was prepared by following the synthesis procedure as descnbed for
compound 2

GC-MS (2 peaks) 278 247 215 171 155 135 and 282 248 247 231 215 'H NMR
(CDCly) 6=786-681(m 11H Ar-H) 625(s 1H AraH) 376 (s 3H MeO)

2-Methyipiperazine (0.4g, 4mmol) was dissolved 1n acetominle (SmL) and allyl bronude
(864L., 1Immol) was added at 0°C. Shmng was continued at 0°C for 1h, then at 25°C for
6h Evapomtion of solvent in vacuo and chromatography on shica (CH2(Ql2/MeOH, 80 20)

gave 80mg (57%) pure compound 74
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The componnd of tus Example was prepared by following the synthests procedure as
described for compound 3

Mp 170-74°C. IR (KBr) (cm-1) 3461 2458 1600 1439, 1263, 1043 MS (amunc) 386
247,215, 139 112 'HNMR (amune, CDCl3) 8=7 84-6.66 (m, 11H Ar-H), 433 (s, IH
CHAry) 374 373 (25, 3H McO) 300-270 (m 6H piperazne H) 195 165 (2m, 2H
prperanne-H), 098-0 92 (2d J = 6.4 Hz, 3H, piperazine-Me) Anal calc for C23H26N20
x2HC1x1 8 Hz0 C 6114 H 705,N 620 Found,C 61.05,H 648 N 607

The compound of tus Example was prepared by following the syathesis procedure as
descnbed for Example 3

Mp 173-82°C. IR (KBr) (cm-1) 3430 2500,2355 1601, 1436, 1265, 1047 MS (amunc)
386 274,247 215 139, 125 'H NMR. (amune, CDCI3) §=7 86-6 66 (m, 11H Ar-H)
5 82 (m, 1H, allyl-H), 5 12 (m, 2H allyl-H), 495 (br s 1H, CHArp) 376 375(2s,3H,
Me0), 3 04-2 32 (m, 9H, prperazine-H), 1 15-1 11 (24, 3H, Me) Amal. calc for
Ca6H1N20 x2HCI x0 4 Hy0, C 6692 H 7.08,N 600 Found C 67.03,H 709 N
588
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The free amune of compound 64 (100 mg, 0.28 mmol) was dissolved 1n methylene chlonde
(5 ml) cooled to 0°C. Triethyl amne (43 i, 0 31 mmol) was added and then acetyl
chlonde (22 yl, 0 31 mmol) was added dropwise. After 10 mun the solution was washed
with potassiumn carbonate (10 %), dned (K2C0O3) and evaporated in vacuo The residue was
punfied by chromatography on silica (CH2Q3/MeOH/NH3 95 5-0.5) to pave 116 mg of
compound 77 (- 100 %)

Mp 140-50°C. IR (KBr) (cm 1) 3480(br) 2987 2500(br) 1623 1429 1285,1245 MS
(frec amune) 393 267 165 127 'H NMR (free amune CDCl3) 8=746-7 18 (m 9H Ar-
H) 425(s 1H CHArp) 370-3 15 (m 8H armde CH; piperazine H), 2 36 (m, 4H
piperazine-H) 2 05 (s, 3H MeCO) 1 15 (br m, 6H amude-Me) Anal calc for
Ca4H31N302 x I HCIx0 80 H20 C 6487 H 762 \ 946 Found C.6501 H776 N
0.42
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Diethvibenzamide reniacemnents eic.
The compounds accarding to Bxamples 43-48 were prepared as shown in Scheme 14
below
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Compound 64 (6.0g, 17mmol) was dissolved i 6N hydrochlonc acid and heated at 120°C
for 3 days The solution was then neutralized with aquonus NaOH (~12g) The solution was
concentrated to 100mL, rmixed wath THF (100mL) and di-r-butyl dicarbonate (3 7g,
17mmol) added dissolved in THF (S0mL) After shmng 1h at 25°C the aquous phase was
acudified wath 1M citnic acud and extracted two umes with ethyl acetate. The organic phase
was dned (K2CO3) and evaporated and the residue punfied by chromatography on silica
(BtOAc/ heprane/ AcOH, 10 90-0 to 66 33 1) to give a total of 3 858 (57%) of
compound 78

Compound 78 (150mg, 0 38mmol) was treated with excess HCl 1n acenc acid 1h Aad

removed in vacuo and residue dissolved 1 methanol and precipitated by addiion of cther
The precipitate was dried 1n vacoum at 100°C. Mp 172-80°C. IR ( KBr) (cm-1)

3000(br), 1700, 1606, 1454 TH NMR (DMSO-d6). 5 = 12.85 (s, 1H, CO2H), 8.95 (s, 2H,
NH) 792-720(m 9H Ar-H) 4.56(s, 1H AryCH), 3 33 (s 8H piperazne-H) Anal
calc for CjgHooN202x2HCL, C:58 54 H600 N 7.59 Found C:599 H6.47 N7 88
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Compound 78 (0 15g, 0.33mmol) and cesium carbonate (0.25g, 0 76mmol) was nuxed 1n
DMF (2mL) and methyl 1odade (7241, 1 1mmol) was added After 2h at 25°C, potassium
carbonate (10% ,aq ) and the solution was extracted with ethyl acetate. After evaporation of
solvent In vacuo, the resmdue was punfied by chromatography on sthica (BtOAc/ heptane,
30 70) to yield 0 13g (87%) of the methy] ester, compound 80 Boc-deprotection was
achaaved by treatment wath excess HCl 1n methanol at 30°C. The solvent was removed and
the residue was punfied again on sthica The dihydrochlonde, compound 81 (35mg) was
prepared according to previous methodology Mp 185-95°C IR (KBr) (cm-1) 3400(br),
2700(br) 1720 1612 1430 1285 1190 1112 MS (El free umune) 310 265 228, 206
165 'H NMR (D20/CD30D + DSS) &= 8 20-7 34 (m, 9H, Ar-H) 503 (s, 1H CHAn)
3 89 (s, 3H Me0O) 342 (m. 4H piperazine-H) 3 08 (m, 4H piperazine-H) Anal. caic for
Ci9H29N207 x2HCl x 1H20 C 5686 H6 53 N 698 Found C 56.82 H6.54 N700
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Compomnd 78 (0.11g, 0.28mmol) was dissolved 1n dry methylenc chionde/ THF, 1 1
(SmL) and cooled to -20°C. Tnethylamne (78uL., 0.56mmol) was added and then 1-butyl
chloroformate (37uL, 028mmol) After 10 min, ammona in methylene chlonde (0.5iml,
1 IM, 0 56mmol) was added and the temperature was allowed to nse slowly to 25°C. After
3h, the solvent was removed in vacuo and the remdue was punfied by chromatograpy on
sibca (CH2Qly/ MeOH/ NH3 95 5 1 and 90-10-1) to give 70mg (62%) Treatment wath
HCA 1n methanol 3h at 50°C, removal of salvent in vacuo and chromatograpy on silica
(CH2C12/ MeOH/ NH3, 90-10 1 and 80 20 1) gave the free anune which was converted to
the dihydrochloride salt 82. Mp 192 200°C. IR ( KBr) (cm-1) 3939%(tx) 3184(br),
2700(bx) 1665 1610 1565 1426 MS (anune} 295 250 210 165, lsz.lHNMR.(umne
CD30D) 8=796-722 (m,9H Ar-H) 493 (s 2H NH) 4.40 (s 1H, Ar,CH), 2.94 +
2 46 (2m, 8H, piperazine-H) Anal calc for CjgH2;iN1O x2HC1x1 1H20, C 55 70

H6.54 N1083 FoundC5583,H676 N1075

‘The compound of thns Example was prepared by following the synthesis procedure as
described for compound 82, but substituting ammonia for ethylamine.

Mp. 180-85°C. IR ( KBr) (cm-1) 3331(bx), 2700(br) 1640 1545, 1440, 1308 MS (EL
amune) 323, 278, 267, 238 195 165 'H NMR. (amunc, CD30D) 5=7.84 -7 14 (m, 9H,
Ar-H), 49 (br 5, NH), 445 (s 1H Ar;CH), 3 40 (m, 2H, ethyl-CHy), 3.25, 2 65 (2m, 8H,
pperazine-H), 1.20 (m, 3H, cthyl-Me)
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Compound &2 (45mg, 0 1 1mol) was dissolved in dry THF (2mL) and cooled to 0°C.
Pyndine (361L, 0.44mg) and tnfluoroacetic anhydnde (31L,, 0.22mmol) was added and
sturing was continued for 1h at 25°C. Water was added and the solution was extracted with
ethyl acetate The orgamic phase was washed with duute NaHCO3 (aq), dried (K2C03) and
cvaporated in vacuo The residue was treated with HCl in methanal 3h st 50°C. Removal of
solvent 1x vacuo and chromatograpy on silica (CH2C12/ MeOH/ NH3 90 10 1) of remudue
gave 15mg (49%) Treatment wath excess HCl 1n ether/ methanol gave the dihydrochlonde
compound 84 wiuch was precipitated dissolved in water and freezedned Mp 141-45°C.
IR (KBr) (cm-1) 3400(br) 2700(br) 2230 1434 MS (frec amune) 277,232, 192, 165 'H
NMR (free amine CDCl3) 6=758-7 18 (m 9H Ar H),427(s 1H CHAr) 289 235
(2m, 8H piperazne-H), 1 70 (s, NH) Anal calc for C;gHjgNyx2HCI x1H20 C 5870 H
629 N 114] FoundC 5888 H 646 N 1124

Compound 78 (0 20g, 0 50mmol) was dissolved i dry THF (SmL) and cooled to 0°C
under mitrogen Methyl hithaum (3 1mL, 0.8M 1n ether, 2,5mmol) was added dunng 1 man
and sumng was continued for 2h. Chlorotnmethylsilane (0 63mL, 5 Ommol) was added and
the temperature was allowed to reach 25°C then ammontum chionde (aq) was added The
organic phase was decanted off, evaporated and the residue punfied by clromatography on
sihca (CH2Cly/ MeOH/ NHa, 95 S 1) 1o give 0 11g (75%) of ketane without Boc-group
The dihydrochlonde salt, compound 85 was prepared by treatment with excess HClin
cther Mp 175-85°C. IR (KBr) (cm-1) 3400(br), 2700(br), 1680, 1607, 1424, 1269 MS
(EI frec amnc) 294 249 209, 165 'H NMR. (frec amme, CDCl3) B=777 7 04 (m, 9H
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Ar H), 422 (s, 1H, CHAr»), 2.92 (m, 4H piperazane-H) 2.43 (s, 3H, MeCO), 2 40 (m,

4H, piperazine-H)
Anal calc. for CjgHagN20 x2HCl x1 6 H;0 C 57 61 H 6.92,N 707 Found C: 57 54

H 675N 691
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‘The compounds according to Example 49 were synthesized as shown 1n Scheme 15 above

A muxture of 4-benzoylpipenidine hydrochlonde (6 77 g, 30.0 mmo?), di-test-
butyldicarbonate (7 2 g, 33.0 mmol) and KHCO4 (6.0 g, 60 mmol) m HoO-THF (50120
mlL.) was refluxed for 1h. The reaction rmxture was extracted with ethyl acetate (2 x 100
mL). The combined orgamc layers were washed with brine, dried over MgSO4 Removal of
solvents gave 4-benzoyl-N-t-butoxylcarbonyl-piperihne (8.54 g, 98 %); 5y (400 MHz,
CDCl3) 1.47 (s, 9H) 1 70 (m, 2H) 1 83 (m, 2H) 2.91 (m, 2H), 3 42 (m, 2H) 4 18 (brs,
2H), 7 46 (m, 2H), 7 56 (m, 1H), 7 93 (m, 2H)
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To a solution of 4-10do-N,N-diethylbenzamude (3 03 g, 10.0 mmol) and TMEDA (1.28 g,
11 0 mmol) 1n dry THF (30 mL) was added t-butyllithsum (10.0 mL, 1 7 M, 17 0 mmal) at
78°C. After 10 mn, 4-benzoyl-N-t-butoxylcarbonylppendine (2.89 g, 10.0 mmol) i THF
(5 mL) was dropwise added The reaction nuxture was warmed to r . and then quenched
with aqueous NEH4Cl solutton and extracted with ethyl acetate (2 x 100 mL) The combined
organsc layers were washed with bnne dned over MgSO4 Removal of solvents gave a
crude product, whach was punfied by sthea gel column elutng with MeOH-CH2Qlp

(0 100 - 2 98) to provide 4-(0-hydroxy-o-(4-N-t-butoxylcarbonylpiperinyl)-benzyl)-
N,N-dicthylbenzamide (MTL 0327, 2 60 g, 56%) m.p 100-103°C (CH2C13) Vinax (KBr)
an! 3426 2973 1687 1618 1428 1289 1168 Sy (400 MHz, CDCla) 1 08 (brs 3H)
120 (brs 3H), 130 (m 4H), 1 41 (s SH) 2 50 (1, J=11 2 Hz, 1H). 2.66 (m, 2H), 2.86 (s,
OH) 3 22 (brs, 2H) 3 50 (brs 2H) 409 (brs 2H) 7 18 (m 1H) 7.26 (m, 4H) 7 45 (m
4H) 8c.13 (100 MHz CDCly) 128 141 262 283 391 432,443 533 792 794
12575 12579 126.2 1266 1281 135] 1453,1468 1546 1710

To a solution of 4-(a-hydroxy-oi-(4-N-t butoxyicarbonylpipendinyl)-benzyl)}-N,N
dicthylbenzamide (466 mg, 1.0 mmol) and tnethylnlane (232 mg, 2.0 mmol) 1n dry
dichloromethane (10 mL.) was added tnfluoroacenc acid (10.0 mL) atr t. After 30 min at

r t. more tnethylmlane (232 mg, 2.0 mmol) was added. The reaction maxture was stirred for
14 h at r ¢, and then condensed. The residue was dissolved 1n AcOE (100 ml). The
resulting solution was washed with 1 N NaOH solution, aqueons NH4Cl solution and taine,
dned over MgSQO4 Remowval of solvents gave a crude product, which was punified by sihca
gel column elunng with NH4OH (1 N)-MeOH-CH2Q03 (2.5 15 82.5) to provide 4{((a-4-
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pupendinyl)-benzyl)-N N-dethylbenzamde (245 mg, 70%) mp 160-162°C (CHaOly),
Vax (KBr) em ! 3325 2037 1613 1461, 1283, 1095 Sy (400 MHz, CDCls) 1 05 (brs,
3H), 107 (m, 2H), 1 19 (brs, 3H), 1 53 (m, 2H), 2.04 (brs, NH), 2.20 (m, 1H), 2.55 (¢,
J=11 6 Hz, 2H) , 3 01 (m, 2H), 3 23 (brs, 2H) 3.51 (d J=10 4 Hz, 1H), 3.52 (bes, 2H)
7 15 (m, 1H), 7 27 (m, 8HY; 8c.13 (100 MHz, CDC3) 12 8, 14.1 32.2,390 399 431,

46,5 590 1261 1265 1279 1280 1283, 134.8, 143.0, 144.7 1710

Procedure as for N,N-Diothyl-4-[(2,5,5-tnmethyl- 1-piperannyl)-3-methoxybenzyl)-
benzamide. N,N-Diethyl-4-(chloro-3-methoxybenzyl)-benzamude (1 6g 4 8mmol) was
reacted with piperazine (1 6g 19mmol) m acctomtnle (20mL) for 4 h at 80 °C to give a
towl of 1 1g product (63%) which was converted mnto the dihydrochlonde salt. Mp 165-82
°C.IR (amune CDCl; 1n KBr cell) (cm-1) 3688 1611 1458 1436 1285 MS(frec anune)
381 336,296 224 196, 165 152 112 'HNMR. (amune CDCly) 8=1.05,1 15(2br s,
6H, 2Mc) 2 51 302 (2br 5, 8H, piperanne H), 32,345 (2br s,4H MeCH;)372 373
(23, 3H MeO) 42] (s, 1H CHAr;) 45 (br s. I1H NH) 6 60-740 (m 8H, Ar-H)
CxH3NyO; x2HC1 x0 80 H;0 requires. C 5892, H 744, N 8 96. Found C 58 98, H
776,N 8.86.

Procedure as for N,N-Dicthyl-4-[(4-allyl-2,5,5-timethyl- 1-piperaznyl)-3-methoxybenzyl]
benzarmde.

N N-Diethyl-4-(3-methoxybenzyl-1-piperazayl)-benzamde (0 16g, 0.42mmol) gave 30mg
product (20%) which was converted to dihydrochlonde salt. Mp 151-76 °C. IR (amune,
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CDQ, 1n KBr cell) (cm-1) 3688 1611 1457 1435 1288 MS(frec amune) 421, 125 'H

NMR. (amuine, CDCY;) 8=11(2br s, 6H 2Me), 23 2.6 (br 5 8H, piperazine-H), 3.00

(m 2H allyl-H),32-3.5(2br s, 4H MeCHa), 3 78 (s, 3H, MeO) 4 20 (s 1H, CHAr)

5 14 (m 2H allyl-H), 5 85 (m, 1H, allyl-H) 6.70-7.46 (m, 8H, Ar-H) CyH;sN»0; x2HC1
s x14H;Orequres C 60.09,H 772, N 808 Found C 6012, H 759,N 788
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The compounds of Examples 52 - 55 were synthesized as shown in Scheme 16 above

AMITANFL =1 =30 YERY L amt A [ =l

4-nitrobenzomn (4 55g 20 immol) was dissolved m 70ml of anhydrous methanol cooled
down to 0°C i an ice bath NaBH, (0915g 24 2mmol) was then added under N; the
muxture was stured at rt for overmight, quenched wath NH,C1 sat'd aqueous solution
McOH was evaporated and EtOAc was added the muxture was washed with water the
organic layer was dned over MgSO, and concentrated to give a solid as the demred
product(~4 58g, ~100% yield)

'H NMR (CDCl; TMS) 8(ppm) 240 (s.br 1H OH) 592 (d J=3 2Hz,1H, Ar-CH-OH)
7 30-7.40 (m, 5H, Ar) 758(d J=86 2H Ar-NO.) 8 18 (d J=8 6Hz, 2H Ar-NO,)

ompound II. 4-(a-chlorobenzvl)-nitrobenzes

Compound I (4 58g, 20mmol) was dissolved :n anhydrous CH;(Y;, thionyl chlonde (4 68g
39 4mmol) was then added to the mixture under N; the reaction mixture was refluxed for 5
hr and was cooled down to rt. the solvent and excess of thionyl chlonde were evaporated
under vacuum to give a yellowish sold as the desired product (~100%yield).

'H NMR (CDCl;, TMS) 8(ppm) 6.16 (s, 1H, -CH-Q1), 7 30-7.40 (m, SH, Ar), 7 59 (d
J=8 GHz, 2H, Ar-NO,), 820 (d J=8 6Hz, 2H, Ar-NO,)

INCE REANE ¥ LelrA LIRS YRR ST |

To componnd II (1 Og, 4.1mmol) and N-benzylpmperazine (1 45g, 8.2mmol) dissolved m
anhydrous acetomitnle, catalytic amount of potassium carbonate was added and the reaction
nmuxture was then refluxed overnight. After coohng down to rt., the muxture was washed
with bnne, the organic Iayer was concentrated under vacuum to give an oil 1t was then
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punfied by MPLC using CH;Cl/MeOH/NH,OH=95/5/1 as the cluent to give the pure
desired product (1.2g, 76% yield).

'"H NMR(CD(OY;, TMS) &: 2.41-2.48 (8H, br, piperanin nng) 3 51 (2H s, Ph-CHy), 434
(1H, s, Ar-CH-Ar), 7 20-8.12 (14H, Ar)ppm.

C NMR(CDCl,, TMS) & 517, 531, 629, 755 1238, 1270, 1281 1285 1287
1292,1379 1409 146 8, 150 6ppm.

To compound III (900mg, 2.33mmoal) dissolved 1n 10ml of MeOH Ra M1 (150mg) was
added and the temperature was increased to 35°C, hydrazine (380mg 11 63mmol) was then
added slowly via a synnge while 1t was shmng the tempemature of the mixture was
mcreased to 70°C until the evolunon of the gas seized the reaction muxture was cooled
down to rt filtered over celite and concentrated to pive an o1l wiuch was punfied by
MPLC using CH,C1,/MeOH= 99/1—99/5 as the eluent to gve a yellowash solid as the
desired product (660mg, ~80%yield)

Efmulkulyu&hdfu CuHnNy.0 2H,0O- C, 79.64, H, 743 N, 1155 Found C,
7983 H 765,N 1164

IR (NaClFilm) v =2807 1620, 1513, 1451, 1282, 1137cm

'H NMR(CDCI3 TMS) & 2.3-2.48 (8H, br, piperazine nng) 3.45 (2H, s, br -NHy), 348
(2H s Ph-CH;) 4 10(1H, s, Ar-CH-Ar) 6 51 (2H m, Ar) 7 11-7 37 (12H, m, Ar)ppm.

To 4-[(N-benzyl-1-pperszmyl)-benzyl}l-amubne (compound 91) (SOmg, O 14mmol) and
anhydrous pyndimne(excess) were dissolved i anhydrous dichloromethane, followed by the



WO 97723466

81

addition of acenc anhydnde (deq ) The reaction muxture was stured atrt. for 30 nun, and
quenched by H,0, then washed with sat’d NaHCO; aqueous solution and brine, the organic
layer was dned over anhydrous MgSQO,, filtered and concentrated to give an oil as the

product (44mg, 80%y1eld).

'HNMR (CDQ); T™S) & 2.1(3H, s -CHj), 2 3-2 48 (8H, br pipymazin ning) 3 48 (2H, s,
Ph-CHy) 416 (1H, s, Ar-CH Ar), 7 20-8 12 (14H Ar)ppm.

Elemental Analymis Calod.for CysHlzeN2O 2 1HC 03H;O- C, 6483 H 6.64, N, 8.40
Found C.6486 H 664 N 873

To 4-[(N-benzyl-1 piperaninyl)-benzyl]-amline (compound 91) (100mg 0 28mmol) and
pyrdine (excess) were dissolved mn anhydrous dichloromethane (5 mi) followed by the
adcinon of methanesufonic anhydnde{97 55mg 0 S6mmol) the reaction rxture was
stirred at rt. for 20 mun. followed by TLC then 1t was quenched by adding drop of water
10 ml of EtOAc was added, the mixhare was washed with saturated NH/ aqueous
solution and bnine, the argamc layer was dned over MgSQO,, concentrated and purified by
MPLC usmng CH,(12/MeOH=99/1~95/5 a3 the solvent to give the pure product as a white
sohd (~90mg, ~70%y1eld).

Melnng pont. 195~200°C(dcp.)
'H NMR. (CDCl,, TMS) & 2.3-2 48 (8H, br, ppyrann ring), 2.96 (3H, s, CH,SO,), 3 51

(2H, s, Ph-CI;), 421 (I1H s, Ar-CH-Ar), 6.25 (1H br, 8-NH-), 7 10-7.41 (14H, m,
An)ppm.

3.}

el



WO 97/23466 PCT/SESGN1635

82

B NMR.(CDOY;) & 1424, 1402 1379 1353,1292, 1291 1285, 128 1, 1279, 1270
1210 75.5 630, 53.2, 51 8, 39 3ppm.

Elemental analysis. Calcd.for CasHayNyO:S 0 9H:0- C, 66.46, H, 6.87 N 930 Found C,
66 53,H,661,N,923

To 4-[(N-benzyl-1 piperaninyl)-benzyl]-amlme (compound 91) (100mg, 0 28mmol),
Lithiom hydnde (2 Smg 0 3mmol) and 1-bromomethylacetate (44 16mg 0.28mmol) were
mmxed m anhydrous THF, the reaction mxture were refluxed for 2 hr and cooled down to
n then quenched with drops of water, washed with brine twice, dned over anhydrous
MgSQ, and concentrated to an o1l punfied by MPLC uuing CH(1:/MeOH=98/2 as the
solvent to give an o1l as the product (~23mg 20%).

R (NaCl Film) HCI salt
vE3404(br) 2922(br) 1745 1610 1517, 1439 1207cm’

'H NMR. (CDCY,) & 2 40 (8H, br, piperazne ning), 3 50 (21, s, Ph-CHa), 375 (3H, 8, -O-
CHy), 3 85 (2H, d, J=5 2Hz, N-CH)), 4.12 (1H, 5, Ar-CH-Ar), 4.18 (1H, t, J=5 2Hz, Ar-
NH-CH.) 649 (2H, d, J=8.4Hz, -N-Ar), 7 14~7 38 (12H, m, Ar)ppm.

Anal Caled for CyyHyN;O3+3HQ1 C, 60.17 H, 6.36, N, 780 Found C, 5997, H, 6.61
N, 7 46
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To 1 Fluoro-3-10do-benzene (7 53g, 33 9mmol) was dissolved 1 anhydrous THF and was
cooled down to -78°C, n-Butyllithium (2.5M m THF, 33 9mmol) was added slowly into the
reaction muxture via a synnge, the mxture was stured for 10 min. followed by the addibon
of the solution of 4-Acctamdobenzaldehyde (1 84g, 11.3mmol) m Sml of dry DME, the
reaction muxture was then stirred at -78°C for 30 mumn. before quenched with NH,Cl aqueous
soluion The organic layer was washed with brine and dned over anhydrons MgSQO,
filtered and concentrated to an oil, punfied by MPLC using 10% heptane m CH,(; and
100%CH,(1, 10 give the pure product (1 65g, 56% yeld)

'HNMR (CDCL:) 8. 2 14 (3H, s, OCCHy) 2.55 (1H, s br OH), 576 (IH d J=3 2Hz,
Ar-CH-Ar) 735(1H s CONH) 6 90~7 50 (8H, m, Ar)ppm.

Compound V, 4-(3-flucro-c-chlorobenzyl)-acetonitrile

This was prepared using the same method as descnbed for the prepamation of compound
(M) but usmng compound (IV) It was used dwrectly for the next step reaction wathout
punfication.

'H NMR. (CDCly) 8. 2.15 (3H. 3, OCCHs) 6 10 (1H, s, Ar-CH-Ar) 7 84 (1H, s, CONH),
6 90~7 6 (8H m, Ar) 7 84 (1H, s, CONH)ppm.

This was prepared using the same method as descnbed for the prepamtion of compound
(FII) but usmg compound (V).
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'H NMR. (CDCly) & 2.14 (3H, 5, OCCHh), 2.40 (8H, br piperazne), 3.51 (2H, s, Pb-
CHb), 4.19 (IH 5, Ar-CH-Ar), 6 80~7.40 (13H, m Ar)ppm.

ANALYSIS

Anal Calcd.for CogHasFN;O *2HCI1.6CH;O3°2H,0 C, 56.24, H, 6.02, N, 7 13 Found.
C,5629;H 610" N, 6.88

Pharmaccutical compositionsa

The novel compounds according to the present mvention may be admunistered per orally
intramuscularly, subcutancously intrapentoneally, intrathoracully intravenously
mtrathecally and intracerebroventncularly

The dosage will depend on the route of admumstration the seventy of the disease, age and
weight of the pauent and other factors normally consudered by the attending physician,
when determumng the ndividual regumen and dosage level at the most appropnate for a

partucular patwent.

Xy
F&mphnmmnalmouum&mﬂwcmmdﬂusmm
pharmaceutically acceptable carriers can be exther solid or luquid. Solid form preparations
include powders, tablets, dispermible granules, capsules, cachets, and suppositones.

A solid camer can be one or mare substances which may also act as dilvents, flavonng

agents, solubilizers, lnhncants, suspending agents, binders, or tablet dinntegratng agents; it
can also be an encapsulating matenal.

In powders, the carrier 15 2 finely divided sobd which 15 1n & mixture with the finely drvaded
sctrve componcat. In tablets, the active component 1s nuxed with the camer having the
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necessary binding properties 1n sustable proportions and compacted 1n the shape and size
desyred.

For prepanng suppository compomitions, a low-melung wax such as a muxture of fatty acid
glycendes and cocoa butter 18 first melted and the active ingredient 1s dispersed therein by,
for example, stamng. The molten homogeneous nuxture 15 then poured into conventent
sized molds and allowed to cool and soluify

Suitable carners are magnesium carbonate, magnesium stearate, talc, lactose, sugar, pectin,
dextrin starch, tragacanth, methyl cellulose, sodium carboxymethyl cellulose, a low melting
wax, cocoa butter and the hke.

Pharmaceutically acoeptable salts are acetate, benzenesulfonate, benzoate bicarbonate
brtartrate, brommude calcium acetate camsylate carbonate chlonde cetrate,
dihydrochlonde edetatc edisylate estolate, esylate, fumarate, glucaptate, gluconate
glutamate, glycollylarsanilate, hexylresorcanate hydrabamine hydrobrommde, hydrochlonde
hydroxynaphthoate, 10dide, 1scthionate lactate lactobionate, malate maleate, mandelate
mesylate, methylbromde, methylnitrate methylsulfate mucate, napsylate, nitrate, pamoate
(embonate), pantothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate,
subacetate, succinate, sulfate, tannata, tartrate, tcoclate, tnethuodide, benzathine,
chloroprocaine, chohne, dicthanolanune, ethylenediamine, meglumme, procame, alomunmm,
calcium, hthium, magnesium, potassiam, sodium, and zme.

Preferred pharmaceutically acceptable salts are the hydrochlondes and citrates,

The term composition 15 intended 10 mnclude the formulation of the active companent wath

encapsulating matenal as a camer providing a capsule in which the active component (wath
or without other carners) 1s surrounded by a camner whach 1s thus 1n association with it.

Simularly, cachets are included.

134
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Tablets, powders, cachets, and capsules can be used as solid dosage forms suitable for oral
admunzstration.

Lagmd from compositions include solutions, suspensions, and emnisions. Sterile water ar
water-propylens glycol solutions of the active compounds may be mentioned as an example

of hqud preparations sutable for parenteral adrmmstration. Liquid compomtions can also be
formmlated 1n solation mn aqueous polyethylene glycol soluton.

Aqueons solutions for oral admimstration can be prepared by dissolving the active
component in water and adding smtable colorants flavoning agents, stabilizers and
thickening agents as desred Aqueous suspensions for aral use can be made by dispersing
the finely divided active component in water together with & viscous matenal such as natural
synthetic gums, resms, methyl cellulose, sodum carboxymethyl cellulose, and other
suspending agents known to the pharmaceutical formulation art.

Preferably the pharmaceutical compositions 1s in unit dosage form. In such form the
composition is divided nto umit doses contaumng appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package contamung
disCrete quantities of the preparations, for example, packeted tablets, capsules, and powders
m«ials or ampoules. The unit dosage form can also be a capsule, cachet, or tablet uself, or
it can be the appropnate number of any of thesc packaged forms,
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Bulogical cvalustion

A) IN VITRO MODEL
Cell culture

Human 2938 cells expresaing cloned human 1, 8, and k receptors and neomycin resistance
were grown in suspenmon at 37°C and 5% CO; in shaker flasks contmming calcium-free
DMEM!10% FBS 5% BCS 0 1% Pluronuc F-68 and 600 pg/ml geneticin

Membrane preparation

Cells were pelleted and resuspended in lysis buffer (50 mM Tns, pH 7 0, 2.5 mM EDTA,
with PMSF added just pnior to use to 0 | mM from a 0 1 M stock n ethanol), incubated on
ice for 15 mun then homogenized with a polytron for 30 sec The suspension was spun at
1000g (max) for 10 nmun at 4°C The supernatant was saved on ice and the pellets
resuspended and spun as before The supernatants from both spins were combined and spun
at 46,000 g(max) for 30 mn The pellets were resuspended 1 cold Tns buffer (50 mM
Tns/Cl pH 7 0) and spun again The final pellets were resuspended in membrane buffer ¢ 50
mM Tnis, 0.32 M sucrose, pH 7 0) Alquots (1 ml) in polypropylene tubes were frozen 1n
dry sce/ethanol and stored at -70°C until use. The protein concentrahions were determned
by a modified Lowry assay with SDS

Membranes were thawed at 37°C, cooled on ice, passed 3 tmes through a 25-gauge
needle, and diluted 1nto binding buffer (50 mM Trns, 3 mM MgCl,, 1 mg/ml BSA (Sigma A-
7888), pH 7 4, which was stored at 4°C after filtrahon through a 0.22 m filter, and to whach
had been freshly added 5 pg/ml aprotimn, 10 pM bestatin 10 pM drpronin A, no DTT)
Alquots of 100 pl (for pg protem, see Table 1) were added to iced 12x75 mm
polypropylene tubes contarming 100 pl of the appropriate radiohgand (see Table 1) and 100
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pl of test peptides at various concentrations  Total (TB) and nonspecific (NS) binding were
dezermuned 1n the absence and presence of 10 pM naloxone respectvely The tubes were
vartexed and incubated at 25°C for 60-75 mun, after which ame the contents are rapidly
vacuum-filtered and washed with about 12 ml/tube :ced wash buffer (50 mM Tns, pH 7.0, 3
mM MgCl,) through GF/B filters (Whatman) presoaked for at least 2hmn 0 1%
polyethylencimune. The radiorctivity (dpm) retamed on the filters was measured with a beta
counter after soalang the filters for at least 12h in nunivials contaiung 6-7 ml scantillation
ﬂl'!ﬂ If the assay 18 set up in 96-place decp well plates, the filtratton 18 over 96-place PHI-
soaked unifilters, winch were washed with 3 x | ml wash buffer, and dried 1n an oven at
$5°C for 2h The filter plates were counted in a TopCount (Packard) after adding 50 pl
MS-20 scantllation flwd/well.

Data analysis

‘The specific binding (SB) was calculated as TB-NS, and the SB in the presence of vanous
test peptules was expressed as percentage of control SB Values of 1Csg and Hill coefficient
(ny) for hgands 1n displacing specifically bound radiohgand were calculated from logit plots
or curve fittmg programs soch as Ligand GraphPad Pnsm, SigmaPlot, or ReceptorFat.
Values of K, were calculated from the Cheng-Prussoff equation Mean + S EM. values of

1Csg, K, and nyy were reported for hgands tested 1n at least three displacement curves.
Receptor saturation experiments

Radiohigand K3 values were determined by performing the binding assays on cell
membranes with the appropriate radiohgands at concentrations ranging from 0.2 to 5 tumos
the estumated K3 (up to 10 tumes if amounts of radiohgand required are feasable). The
specafic radiohgand binding was expressed as pmole/mg membrane protean. Values of Kg
and By, from mndividual expernments were obtained from nonhinesr fits of specifically
bound (B) vs. nM free (F) radichgand from mndividual accarding to a one-mite model.

»
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B) BIOLOGICAL MODEL {IN Y/VO MODEL)
FREUND'S COMPLETE ADJUVANT (FCA), AND SCIATIC NERVE CUFF

INDUCED MECHANO-ALLODYNIA IN RAT

Anmals

Male Sprague-Dawiey rats (Charles River Si-Consiant Canada) weagiung 175-200g at the
ume of surgery were used They were housed i groups of three m rooms thermostatically
mamntained at 20° C with a 12 12 hr hght/dark cycle, and with free access to food and water
After amval the ammals were allowed to acclimatze for at least 2 days before surgery
The expenments were approved by the appropriate Medical Ethaxcal Committee for ammal
studies.

EREUND S COMPLETE ADIUVANT

The rats were first ancsthetized 1n a Halothane chamber after which 10ul of FCA was
mjected s ¢ mnto the dorsal region of the left foot, between the second and thard external
digits. The ammals were then allowed to recover from anesthesia under observation in therr
home cage

SCIATIC NERVE CUFF

The anmmals were prepared according to the method described by Moscom and Kruger
(1996) Rats were anesthetized with a muxture of Ketamune / Xylzzme 1p  (2ml/kg) and
placed on thear nght side and an mncision made over, and along the axis of, the lateral aspect
of the left fermar The mmacles of the upper quadnceps were teased apart to reveal the
sciatic nerve on which a plastic cuff (PE-60 tubing 2mm long) was placed around The
wound was thea closed 1n two layers with 3-0 vicryl and silk sotures.
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Testing was performed between 08-00 and 16:00h using the method descnibed by Chaplan
et al (1994) Rats were placed m Plexigias cages on top of 2 wire mesh bottomn which
allowed access to the paw, and were left to habituate for 10-15 mm. The area tested was
the mud-plantar left hind paw, avoiding the less senstrve foot pads. The paw was touched
wth a senes of 8 Von Frey hars wath loganthmucally mcremental suffness (041 069 120
204 363 550, 85] and 15 14 grams; Stoelung, Ill, USA) The von Frey har was
applied from underneath the mesh floor perpendicular to the plantar surface with sufficient
force to cause a shight buckling agunst the paw, and held for approximately 6-8 seconds A
positive response was noted if the paw was sharply withdrawn Fhinchung immechately upon
removal of the har was also considered 8 posiive response. Ambulation was considered an
ambiguous response, and 1n such cases the smulus was repeated

JESTING PROTOCOL

The ammals were tested on postoperative day 1 for the FCA-treated group and on post-
operative day 7 for the Sciatic Nerve Cuff group The 50% wathdrawal threshold was
determuned using the up-down method of Dixon (1980) Tesung was started wath the 2 04
g harr n the nuddle of the senes. Sumuh were always presented m a consecutive way,
whether ascending or descending. In the absence of a paw withdrawal response to the
mtally selected hair, a stronger strnulus was presented, 1n the event of paw withdrawal, the
next weaker sumulus was chosen.  Optimal threshold calculation by this method requres 6
responses in the ynmediate vicmity of the 50% threshold, and counting of these 6 responses
began when the first change m response occurred, c.8. the threshold was first crossed In
cases where thresholds fell outnide the range of stimul, values of 15 14 (normal sensitivaty)
or 0 4] (maxmmally allodymc) were respectively assigned The resulting pattern of positive
and negative responses was tabulated omng the conventon, X = no withdrawal, O =
withdrawal, and the 50% withdrawal threshold was mierpolated using the formula.

50% g threshold = 10°7**®/ 10,000
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where Xf = value of the last von Frey hair nsed (log vnuts) & = tabular value (from Chaplan
et al (1994)) for the pattern of positive / neganve responses and 8 = mean difference
between stumuh (log units) Here 5= 0224

Von Frey thresholds were converted to percent of maxumum possible effect (% MPE),
according to Chaplan etal 1994 The following equation was used to compute % MPE

% MPE = Drug treated threshold () - allodynia thresho X 100
Control threshold (g) - allodyna threshold (g)

ADMINISTRATION OF TEST SURSTANCE

Rats were mjected (subcutaneously ntrapentoneally or orally) with a test substance pnior
to von Frey testing the me between admunistration of test compound and the von Frey test
vaned depending upon the natre of the test compound
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Clazms

1 A compound of the general formula (T)

o ]
Y,

wherein

G 1s a carbon atam or a nitrogen atom
A 13 selected from

(1) phenyl substituted by any of -COOH CONH; COOCH; CN NH; or
-COCH;

) naphtyl benzofuranyl, and quunolinyl, and
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wherem the phenyl nng of each A substituent may be optionally and independently
substituted by 1 or 2 substituents selected from hydrogen CHj3, (CH2)oCF3 halogen,
CONR’R® CO,R7 COR” (CH2)ONR'R® (CH2)0CH3(CH2)oSOR’ (CH2)oSO2R and
(CH2)oSO>NR'R® wherein 0150 1 or2 and R’ and R® arc us defined below

R! 15 selected from hydrogen, a branched or straight Cy-Cg alkyl, C}-Cg alkenyl,
CO(C1-Ce alkyl) (C;-Cg alkyl)-B wherein B 1s as defined below; C3-Cg cycloalkyl, C4-Cg
(alkyl-cycloalkyl) wherean alkyl 1s C1-C2 alkyl and cycloatkyl 1s C3-Cg cycloalkyl, C6-Cio
aryl, and heteroary! having from 5 - 10 atoms selected from any of C, S N and O; and
whereby the Cg-Cjg aryl and the heteroeryl may optionally be substrtuted by 1 or 2
substituents selected from hydrogen, CH3, (CH2)gCF3 halogen CONR’R', COzll?.
COR’ (CHPONR'R® (CHoCH3(CHDoSOR’ (CH)oSOZR” and (CH)SONR'R?,
wheren o150 1 or2, and R’ and R® are as defined below-

R’ and R® 15 each and independently as defined for R! above,

R s mmdﬁomhyd}m c; OR', COsR! and CH,00;R! wherem
R' 15 as defined above

PCT/SE96/01635 ' %
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R? R1O g! R12 R13 R™ R!S RS R!7 and R'®, is cach and mdependently as defined
for R1 sbove,

B 13 a substituted or unsubstituted aromatic, an optionally substituted Cs-Cjg
hydroaromanc; a heterokroman or a heterohydroaromatic moety each having from § to
10 atoms selected from any of C, S, N and O and cach being optionally substinuted by 1 r
2 subsatuents independently selected from hydrogen, CHy, CFq halogen,
(CH2CONR'R®, (CH)pNR'R® (CH),COR” (CH2),CO2R, OR” (CHy),SOR’
(CH2)pSO2R’ and (CH2)SO;NR'R®

whereinp 150 1 2 or 3 and wheremn R’ and R® are as defined above

R® R*, R® and R® 15 each and independently selected from

R’ (CHHCONR'R® (CHNR'R® (CHHCONR'R® (CHPHCOR (CH)Ph
(CHo)p(p-OH Ph) (CHz)y-3-tndolyl (CHa)pSR’ and (CHg)gOR’
wherenp1s0 1 2 3 or4 and R’ and R® are as defined above;

as well as pharmaceutically acceptable salts of the compounds of the formula (I), 1somers,
hydrates isoforms and prodrugs thereof

with the proviso that when A 15 a phenyl nng subsututed by a -CN group or by &
-NH3 group, B may not be
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Zluhydroxy and esters thereof
hydroxymethyl, and esters thereof* or
amino and carboxarmudes and sulfonarmdes.

2. A compound of the formula I according to clum 1 wherein

G 15 a carbon atom or a nitrogen atom,
A 15 selected from

(1) phenyl substtuted by any of -COOH - CONHa COOCH3 -CN, NH; or
-COCHj

() naphtyl benzofuranyl, and quinoliny! and
(in)

AL AN

Em n"/N_ "m R'Ho( llum
ﬂ"——isi T“ Z"

T

n=0

(@
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wherein the phenyl nng of each A substituent may be optionally and independently
substituted by 1 or 2 substituents selected from hydrogen, CHj, (CH2)oCF3, halogen,
CONR’R®, CO;R” COR” (CHpNR'R® (CHg)oCHA(CHZ)oSOR, (CH)SOsR” and
(CH)oSO2NR'RY, wheremn 0150, 1, or 2, and R” and R® are as defined below;

R' R” and R®1s each and independently selected from hydrogen, a branched or straght
C1-C4 alkyl, allyl, -CO-(C;-Cg alkyl); (Cy-Cs alkyl)-B wherean B 15 as defined below
C3-Cs cycloalkyl C4-Cg (alkyl-cycloalkyl) wherein alkyl 1s C;-C; alkyl and cycloalkyl is
C3-Cg cycloalkyl and phenyl,

Rzuhydrogm methyl or OR! whuunkllsasdeﬁmdahove.
R? R!? R, R'? R!® R, R"® R'® R!7 and R'? 1s each and mdependently as defined
t'orl?.l above

B 15 selected from phenyl naphthyl indolyl benzofuranyl dihydrobenzofuranyl
benzothiophenyl, pyrryl, furanyl, qunoliny! 1soquinolinyl cyclohexyl, cyclohexenyl,
cyclopentyl, cyclopentenyl indanyl indenyl, tetrahydronaphthyl, tetrahydroqumnyl,
tetrahydroisoquinolmyl, tetrahydrofurany] pyrrohdinyl, indazolmyl, and

HExoe

each B group being optionally substituted by 1 2 substituents mdependently selected from
hydrogen, CH, CFs, halogen (CHypCONR'R® (CHpNR'R, (CHo)00R’,
(CHz),COzR”, and OR’,

wheran pis0 or l.mdwhmk’nﬂk'mnddimdlbmmd
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R, R* R® and R® 13 each and independently selected from hydrogen, CHy CH(Me),
CHyCH(Me),, CH(Me)CH,CH3 (CH2),CONR'R®, (CH2),NR'RS, (CHR),CONR'R®
(CHz)yCO2R, (CHa)Ph, (CH)p(p-OH Ph), (CHz)p-3-indolyl, (CH2)pSR, and
(CHz),0R”, wheren p 150, 1,2, or 3, and wherean R and R® are us defined above;

with the proviso that when A 15 a phenyl nng substituted by a -CN group or by a
-NH3 group B may not be

v
wherein

Zl 1s hydroxy and esters thereof
hydroxymethyl and esters thereof; or
amino and carboxamudes and sulfonarmdes
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3 A compound of the forrmla I acconding to claim 1, wherein

G 18 a nutrogen atom,
A 13 selected from

10
wheren

R? R10 g1 R12 g13 14 pIS R16 p17 tnd R'® 15 cach an ethyl proup
15

R! 15 selected from hydrogen, methyl ethyi, allyl, or CHa-cyclopropyl,

R%s H methyl, or OR'
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B is selected from phenyl, naphthyl, indolyl, benzofuranyl, dihydrobenzofuranyl,
benzothsophenyl, furanyl, quinclinyl, ssoquinolmyi, cyciohexyl, cyclohexenyl, cyclopentyl,
cyclopentenyl, ndanyl indenyl, tetrahydronaphthyl, tetrahydroquinyl,
tetrahydrotsoqunolmyl, tetrahydrofuranyl, indazohnyl, and

X

each B group being ophonally subsututed by 1 2 substituents :ndependently sclected from
hydrogen, methyl CF3, halogen (CHz),CONR'R®, (CHz),NR'R® (CH3),cOR,
(CH2,COZR’, and OR”

wheremp1s0 1 or2 and wheren R’ and R® are as defined for R! above

R} R% R® and R® 15 each and independently selected from H CHs, CH(Me)s
CHaCH(Me); CH(Me)CH,CH (CHz)yCONR'R® (CHa)pNR'R® (CHy),CONR7R®
(CH2)p002R (CHz)pPh (CHa)p(p-OH Ph) (CHy)p-3 ndolyl (CHy)SR” and
(CHpOR’

wherein pis 0, 1 or 2 and wheren R’ and R® are as defined above,
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4 A compound of the formula (I} of clamm 1 above beng anyone of

()-trans-1-(3-methoxy-a-(1-naphthyl)benzyl)-2 S-dumcthylpiperazine (compound 3)-
()-3-((aR*/S*)-a ((25*,5R*)-4-Ally)-2,5-dimethyl-1 piperannyl)-1-naphthyl)amsole
(compound 4 and 5)

(£)-trans-1-(3 methoxy-a-(2-naphthyl)benzyl)-2,5-dumethylpiperazme (compound 8)
(1)-3-((aR*/3*)-0~((2S* SR*)4-Allyl-2,5-dumethyl-1 piperannyl)-2-naphthyl)amsole
(compound 9 and 10)

(£)-trans- 1-(3-methoxy-a-(2'-benzofuranyl)beazyl)-2.5-domethylpiperazane (compound 13)
(1)-3-((xR*/S*)-a-((25* SR *)-4-Allyl-2,5-dimethyl 1 paperazinyl)-2-benzofuranyl)amsole
(compound 14 and 15),

(£)-3-((aR*/3*)-a-((25* ,SR*)4-Cyclopropylmethyl 2,5-dimethyl-1-prperazinyi)-2-
benzofuranyi)amsole (compound 16 and 17)

(1)-trans-1-(3-methoxy a-(6 -qunohnyl)benzyl)-2 5-dunethylpiperazine (compound 20 and
21)

()-3-((aR*/3*)-a-((25*.5R*)-4-Allv]-2 5-dumethy! 1 piperannyl)-6-quinohinyl)amnsole
(compound 22)

(£)-3-((aR*/S*)-0-((25*,SR*)-4-Ally 1-2,5-dimethyl-1 prperaninyl)-6-quinalinyl)amsole
(compound 23),

(£)-3-((aR*/S*)-0-((28*,5R *)4-Cyclopropylmethyl-2,5-dimethyl-1-piperazinyl)-6-
qumnohnyl)amsole (compound 24 and 25);
(4)-trans-1-(3-methoxy-a-{4-qumolinyl)benzyl)-2,5-thmethyl-prperazane (compound 28)
(1)-3-((aR*/S*)-0-((25*,5R*)-4-Allyl-2,5-dmmethyl-1-piperannyl)-4-qunohinyl)amsole
(compound 29 and 30)

() 4-((a~(1-Piperaninyl))-4-chlorobenzyl)-N,N-dicthylbenzarmde (compound 33);

(1) 4-((a((4-Allyl)-1-prperannyD))-4-chlorobenzyl)-N,N-diethylbenzamde o 2hcl
(compound 34),

(&) 4-((a-(1-Piperazinyl))-2-naphtylmethyl)-N,N-dicthylbeazarmde (compound 37);

(1) 4-((o-((4-Allyl)-1-pperazinyl))-2-naphtyimethyl)-N,N-tethylbenzarmde (compound
38) g



(1) 4-{(a~(1-Piperazinyl))-4-xylyl)-N N-diethylbenzarmde (compound 41)

(&) 4-((a-((4-Allyl)-1-mperannyl))-4-xylyl)-N,N-diethylbenzamide « 2HCI (compound 42)
(&) 4-((c-(1-Piperaznyl))-3-xylyl)-N,N-diethylbenzamude » 2HC1 (compound 45)

(&) 4-((a-(1-Piperannyl))-cyclohexylmethyl)-N,N-diethylbenzamide (compound 48),

(£) 4-((a-(1-Piperazinyl))-3 4-camethylbenzyl)-N,N-dsethylbenzamde (compound 51)
() 4-((a~(1-Piperazanyl))-1-naphtylmethyl)-N,N-diethylbenzamude (compound 54),
4-(4-(2-Dimethyl-5 methyl-piperazinyl)-3-methoxybenzyl)-N,N-diethylbenzamule
dihdrochlonide (compound 57)
4-(4-(1-Ally}-2-dimethyl-5-methyl-piperazinyl)-3-methoxybenzyl)-N,N-chethyibenzammde
dihydrochlonde (compound 58),
4-(1-(4-Allyl-2-imethy}-5-methyl-piperazinyl)-3-methoxybenzyl)- N,N-dicthylbenzarmude
dihydrochlonde (compound 60)

4-(1-(2-imethyl-5 methyl-piperazinyl)-3-methoxybenzyl)-N,N-diethylbenzarmde
dihydrochlonde (compound 61),

4-((1 piperazanyl)-benzyl)- N,N-diethylbenzamude dihydrochlonde (compound 64)

4-((4- Allyl-1-prperaninyl)-benzyl)-N,N-diethylbenzamide cihydrochlonde (compound 65)
4-((4-Acetyl-1-piperannyl)-benzyi)- N N-diethylbenzarmude hydrochlonde (compound 77)
4-(4-2-Hydroxymethyl-5-methyl)piperazinyl benzyl)-N N-diethyl benzanude
dthydrochlonde {compound 69)
4-((4-(2-Hydroxymethyl-S-methyl)piperazinyl)-3-methoxybenzyl)-N N-diethylbenzamude
dihydrochlonde (compound 70),

4-((4-(1 Allyl-2-hydroxymethyl-5-methyDpperazinyl)-3-methoxybenzyl)}-N.N
chethylbenzamede dihydrochlonde (compound 71)

Methyl 3-(( 2-naphtyl)-(3-methy}-piperazinylymethyl)pheny! ether dihydrochlonde
(compound 75);

Methyl 3-((2-naphtyl)-(4-allyl-2-methyi-piperazinyl)methyl)phenyl ether dihydrochlonde
(compound 786),

4-((1-prperazanyl)-benzyl)-benzoic acid dihydrochlonde (compound 79)
4-((1-prperaninyl)-benzyl)-N-cthylbenzamde hydrochlonde (compound 83);

Methyl 4-((4-t-butoxycarbonyl-1-piperazmyl)-benzyl)benzoate (compound 80)

PR

W 9723466 PCT/SE96/01635 )40
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Methyl 4-((1-prperazranyl)-benzyl)benzoate dihydrochlorde (compound 81),
4-(1-piperazmyl-benzyl)-benzonitnl dihydrochlonde (compound 84),
4-(1-prperazinyl benzyl)-acetophenone dihydrochlonde (compound 85)
4-((a-4-prpendinyl)-benzyl)-N.N-diethylbenzanude (compound 88)
N.N-Dicthyl-4-(3-methoxybenzyl- 1-piperaznyl)-benzamide (Bxample S0)
N.N-Daethyl-4-{(4-allyl-1-mperarmyl)-3-methoxybenzyl]-benzamde (Example 51);
4-[(N-benzy}-1-prperazinyl)-benzyl]-anhne (compound 91),

4-[(N-benzyl-1 piperaznyl)-benzyl]-acetambde (compound 92);
4-[(N-benzyl-1-mperazinyl)-benzyl}-methanesulfonamide (Example 54)
Methyl-N-4-[(N-benzyl 1-prperazinyl)-benzyl] 2-methylacetate (Example 55) and
4-[(N-benzyl- 1-prperazinyl)-3-fluorobenzyl]-acetamlide (compound 95)

5 A compound according to any of claims 1-4, 1n form of 1ts hydrochlonde salt.

6 A compound according to any of claims 1-5, for use i therapy

7 A compound according to clamm 6, wherein the therapy 1s pain management.

8** A compound accarding to claim 6 wherewm the therapy 1s directed towards
gastrointestinal cisorders.

9 A compound according to claim 6 wherein the therapy 15 directed towards spinal
injunes.

10 A compound according to claim 6, wherein the therapy 15 directed to disorders of
the sympathetic nervous sysiem.

11 Use of a componnd according to any of claams 1-5 for the manufactore of a
medicament for usé 1n the treatment of pan
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12 Use of a compound according to any of claimns 1-5 for the manufacture of s
medicament for use 1n the treatment of gastroitestinal disorders.

13 Use of a campound acconding to any of clmms 1 5 for the manufactare of &
medicament for use 1n the treatment of spinal injuries.

14 A compound according to any of clums 1-5, further charactenized in that it 1s
1sotopacally labelled.

15 Use of a compound according to clamm 14 as a diagnostic agent.

16 A pharmaceutical composition compnsing a compound according to any of claims
1-5 as an active ingredient, together with a pharmaceutically acceptable camer

17 A process for the preparanon of a compound according to any of claims 1-5
whereby

A) (i) An aldehyde or ketone 15 treated with a nucleophile giving the corresponding
alcohol

(ir) the alcohol 15 converted into a sustable leaving group, whech 1n turn 18 displaced
with a nucleophile; and

(1) a N-(4)-unsubstiruted piperazine denvative 1s snbsthisted via 1ts organo hahide or
equivalent species, or acylated or

B) (i) A N-protected armino acad ester is reacted with a second ammo acd ester, and
thereafier treated with an acud, giving a piparannedione;
(it) the dione 15 reduced to the corresponding piperszine, and
(i1f) the piperazne 15 alkylated or acylated on one or more of the nitrogens.
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18 A method for the treatment of pain whereby an effective amount of a compound
according to any of claims 1-5 1s admimstered to a subject 1n need of pain management.

ot
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(57) Abstract

4{aryl{pipendin—4-yl)] aminobanzamides are delta-oploid recoptor agonista/antagousts of formula (1). As delts-oplold receptor
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4-{ARYL(PIFERIDIN-4-YL)] AMINOBENZAMIDES WHICH BIND TO THE DELTA-OPIOID RECEPTOR

WO 99/33806

The present mvention relates to delta-opioid receptor agonsta/antagorusts.
More particularly the present invention relates to
4-[aryl(mpendin-4-yl)Jamanobenzanudes which are delta-opioid receptor aganists useful

S asanalgemics

BACKGROUND OF THE INVENTION

W09723466 to Plobeck N et al discloses compounds (approximately) of the
formula

10  which are mu-opioid antagomsts
W09636620 to Dondio G  discloses compounds {most relevantly) of the
formula
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which are delta-opioid agonists/antagonists

W095710230 to Dondio G et al discloses compounds (most relevantly) of the
formula

which are delta-opioid kappa-opioid and mu-opioid receptor agomsts/antagonists
WO09315062 to Chang K et al discloses compounds (approxumately) of the
formula
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which are delts-opioid and mu-oproid receptor agonsts.

It 18 an object of the present invention to provide delta-opioid receptor agomsts
as analgesics

It 1s another object of the present mvention to provide delta-opioid receptor
selechve agomsts as analgesics having reduced side-effects

It 13 another object of the present invention to provide delta-opioid receptor
agonasts/antagomsts as immunosuppressants, antunflammatory agents, agents for the
treatment of mental ifiness, medicaments for drug and alcohol abuse, agents for treating
gastritis and diarrhea, cardiovascular agents, and agents for the treatment of respiratory
diseases

It 13 another object of the present invention to provide delta-opioid receptor
selective agonists/antagonists as immunosuppressants, antiunflammatory agents, agents
for the treatment of mental iliness, medicaments for drug and alcohol abuse, agents for
treating gastntis and diarrhea, cardiovascular agents, and agents for the treatment of

respiratory diseases having reduced side-effects

SUMMARY OF THE INVENTION

There are provided by the present invention delta-opioid receptor
agomsts/antsgonists of the general formula
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where

Ar 13 phenyl, 1-naphthyl or 2-naphthyl each optionally substituted with | to 3 R’

R and R? are independently selected from the group consisting of hydrogen, Ci.qalkyl
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phenyl, optionally mono- di- or tn-substituted with halo Cy¢alkyl C,alkoxy or
tnfluoromethyl or benzyl, optionally mono- di- or tn-substituted with halo
Crealkyl C;¢alkoxy or tnfluoromethyl or alternatively R' and R? are taken
together with their N of attachment to form a nng wiich 1s selected from the group
consisting of pyrrohdinyl morphohnyl pipendinyl and hexamethyleneiminyl, each
said nng optionally substituted with 1 to 4 methyl groups,

R® R* and R’ are independently selected from hydrogen and C4alkyl

R® s selected from the group consisting of hydrogen C,salkyl Ci.ecycloalkylC).salkyl

Csealkenyl C,¢alkoxyCiaalkyl 4-Cy4alkyl-4 5-dihydro-5-oxo-1H-tretrazol-1-
yiCiealkyl thien-2-yiC, alkyl thien-3-yiC . alkyl furan-2-yiCi4alkyl furan-3-yiC,
aalkyl pyrrol-2-yICi.alkyl pyrrol-3-yICiaalkyl pyndin-2-ylCiealkyl pyndin-3-viC,
alkyl pyndin-4-yiCiualkyl pyreznyiCiialkyl pyrimdin-2-yiCy.alkyl pynmidin-4-
yiC1aalkyl pynmidin-S-yiCiialkyl thiazol-2-yiCy.aalkyl thiazol-4-yiCy.alkyl,
thiazol-5-yiC4alkyl oxazol-2-yiCialkyl oxazol-4-yICi.alkyl oxazol-5-yiC).alkyl

4
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and phenylC . alkyl where the foregaing thienyl furanyl pyrrolyl, thiazolyl and
oxazolyl are optionlly mono- di- or tn-substituted with a non-fused R’ and the

foregoing pyndmyl pyrazmnyl pynmudinyl and phenyl 18 optionally mono- ds-, or tn-
substrtuted with R’

R 13 ndependently selected from the group consisting of hydroxy, halo, Cyalkyl,
Cisalkoxy Ciancyl, Cisacyloxy cyano amuna, Cisacylamino, C;salkylamino
dy(Cisalkyl)Jammo Cyjalkyithio C,salkylsulfonyl tnfluoromethyl and
trifluoromethoxy and two R? can together form a single fused moiety selected from

the groupconsmsting of -{CH3)ss- and -O(CHa2)1.20- attached to adjacent carbon
atoms of Ar- and

R? is ndependently selected from the group consisting of halo C,.alkyl Cycalkoxy and
tnfluoromethyl

As delta-opmioid receptor agonists, such compounds are useful as analgemcs Depending
on their agomst/antagomst effect, such compounds may also be useful
ummunosuppressants, antmnflammantory agents, agents for treatment of mental illness,
medicaments for drug and alcohol abuse, agents for treating gastntis and diarrhea,
cardiovascular agents, and agents for the treatment of respiratory diseases

DETAILED DESCRIPTION OF THE INVENTION

The core structure of the compounds of the present invention can be made ma
two step process. This process must be modified as required by the strategy employed to
obtam the various substituents In a first strategy the starting matenals are substituted
as desired with the final substituents and, where the substituents or their protected forms
are stable to the reaction conditions, the core structure may be subsequently made by the
two step process In a second strategy the final core structure 13 obtuned and where
the core structure 13 stable to the modifying reaction condrtions, the substituents are
modified as desired Vanations might include modifying the substituents on intermdiates
or replacing precursor substituents on the fimshed core structure

5
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Scheme A genenully descnbes the manufacture of the compounds of the present
mvention The first step of Scheme A 18 a reductive alkylation of pipendone Al and
amune A2 to produce N-aryl-pipendineamine A3 The reductive alkylation 18 carmied out
by combtming the ketone Al amune A2, and an appropnate solvent/reducing agent
combmnation to form a reaction mixture which 1s cooled or heated as necessary Suntable
solvent/reducing agent combimations include | 2-dichloroethane or
acetonrtnle/NaBH(OAc), + acid catalyst, methanol/NaBH;CN + acid catalyst, methanol
or ethanol or isopropancl/NaBH, or alcoholic solvent/H; + noble metal catalyst. The
use of the 1 2-dichloroethane or acetonitnie/NaBH(OAc); + acid catalyst combmation 1s
further described by Abdel-Magid, A. F etal. J Org.Chem. Vol 61 pp 3849-3862
(1996) In the second step of Scheme A, the N-aryl-pipendincanune A3 1s reacted with
a bromo 10do or tnfluoromethanesulfonyloxy substituted benzamude A4 1n the presence
of a palladium catalyst, phosphine igand and base to give the (N-aryl
N-pipendin~4-yl)aminobenzamde. Preferred palladium catalysts include PdCH, +
phosphine hgand tns(dibenzylidencacetone)dipalladium(0) which 1s Pdx(dba), +
phosphine ligand Pd(OAc); + phosphine ligand and Pd(Ph;P)(0) Switable phosphine
ligands include BINAP and tri(o-tolyl phosphine) Suitable bases include NaOtBu and
Cs;COs The reaction of the second step 1s an arylation further descnibed by Buchwald,
S L. J Org Chem Vol 61 p 1133 (1996) The manufacture of the vanous starting
matenals for Scheme A is well within the skill of persons versed in tius art

SCHEME A

-1
R N R‘

Al A2
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R® R?
+ & -\I\
R® N R¢ x N .
AB R.u.g
X = Br [, 0SO,CF,
A3 Ad
0 R!

Preferred Ar 13 phenyl

Preferred R' and R? are independently selected from the group conmsting of
hydrogen, methyl ethyl n-propyl 1-propyl n-butyl t-butyl i-butyl phenyl
p-chlorophenyl p-flucrophenyl p-methylphenyl p-tnfluoromethylphenyt benzyl,
p-chlorobenzyl, p-fluorobenzyl p-methyibenzyl and p-tnfluoromethylbenzyl, or
alternatively preferred R' and R? are taken together with thear N of attachment to form
a nng which 1s selected from the group consisting of pyrrolidinyl and pipendinyl

Preferred R* R* and R’ are independently selected from hydrogen, methyl ethyl
n-propyl 1-propyl and t-butyl

Preferred R® are selected from the group consisung of hydrogen, methyl ethyl
n-propyl 1-propyl n-butyl 1-butyl t-butyl cyclopropylmethyl ethenyl allyl
methoxymethyl, benzyl p-chlorobenzyl p-fluorobenzyl, p-methyibenzyl

7
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p-tnfluoromethylbenzyl p-aminobenzyl thien-2-ylCH:CHz>- thien-3-yiCH;CH;-,
pyndin-3-ylICH,CHz- pyndin-4-ylICH.,CHy- thiazol-2-yICH;CHy- and phestylCH,CH,-
any of wiuch may be R” substituted as taught sbove. It 13 a preferred embodiment of R®,
that where it contains a phenyl or heteroaromatic group, that the moiety linking the
phenyl or heteroaromatic group to the pipendinyl moiety be at least two carbon atoms
long Thus ths linking moiety might be ethyl or propyl which 18 beta substituted with
the phenyl or heteroaromatic group, or propyl, which 18 gamma substituted

Preforred R are independently selected from the group consisting of hydroxy,
chloro, bromo, fluoro, methyl ethyl, n-propyl, 1-propyl, n-butyl, +-butyl, t-butyl,
methoxy, ethoxy formyl, acyl acetoxy cyano amuno methylamido methylamino,

N N-dimethylamino, methylthio methylsulfonyl, tnfluoromethoxy and tnfluoromethyl,
and preferred moleties where two R’ together form a singie motety are selected from the
group consisting of propylene, butylene and -OCH;0-

Preferred R* are independently selected from the group consisting of chioro,
bromo, fluoro methyl cthyl, n-propyl 1-propyl t-butyl methoxy ethoxy and
trfluoromethyl

Preferred compounds of the present invention have the general structure

o] ,R'
Jord
N >_N\R,
2 \ 4
S39e
N

where R' R? R? R® and R’ are dependently selected from the groups consisting of
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P29 3-N(CH:) -nC;H; 2-CH; 2-GH, 4 H
P30  3-N(CH)) -nCH, -nCHy, -nCH, 4 H
P31 4&F -aC3H, -CHCH; -CH/CH, 4 H
P32 4-F -nC;H- -nCsHy -nCsH, 4 H
P33 4F -nC;H, 2-GHy, 2GH, 4 H
P34 4F -nCyH, CHy; -nCH, 4 H
P3S 2-F -nCHy -CHLCH, -CHCH, 4 H
P36 2-F -nC3H, -nCGH; -nGH, 4 H
P37 2F -nCyH, 2GH, 2GCH: 4 H
P38 2-F -nCyH, -nCH, -nCH, 4 H
P39  3-ClL 4-OCH, -nC;H, -CH,CH; -CH,.CH; 4 H
P40  3-ClL 4-OCH, -nCyH; -GH, -aGH, 4 H
P41 3-C1 4-OCH, -nCiHy 2-GHy, 2-CH, 4 H
P42 3-Cl 4-OCH; -nCyH, -nCH, -nCHo 4 H
P43 3-CH -nCyH, -CH,CH, -CH,.CH, 4 H
P44 3-Chy -nCyH, -nCyH, -nCsH, 4 H
P45 3CF -nCyHy 2GH, 2GHy 4 H
P46 3-CF, -nCyHy -nCHy -nCHp 4 H
P47 3-OCH, 5-OCH: -nCyHy -CH,CH, -CH/.CH, 4 H
P48  3-OCH, 5-OCH» -nGH, -nCH, -nGH, 4 H
P49 3-OCH, 5-OCH, -nC;H, 2-CyH, 2-C3H, 4 H
P50 3-OCH, 5-OCH, -nC)H, -nC.;Hy -nCJHs 4 H
P51 3-CH, -nCyH; -CH,CH; -CH,CH; 4 H
P52 3-CH, -aC;H, aGH;, -nGH; 4 H
P53 3-CH, ~-nCsH, 2-Cy  2-GHy 4 H
PS4 3.CH, -nCyH, -"CHy, -oCH, 4 H
P55 4-CH, -nCsH> CHCH; -CHLCH, 4 H
P56 4-CH, -nCyH, -nCGH, -oGH;, 4 H
P57 4-CH, -nC)H; 2-CyH; 2-C;H; 4 H
P58 4-CH, -nCsHy -aCiH, -nCHp 4 H
P59 2-CH, 3-CH; -nCHy -CH,CH; -CH,.CH, 4 H
P60 2-CH; 3-CH, -nGH, -nCiH, -nCsH, 4 H
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P61 2-CH; 3-CHa

P62 2-CH, 3-CHh

P63 3-OCF;

P64  3-OCF,

P65 3-0OCF;

P66 3-OCF;

P67 3-SCH,

P68 3-SCH,

P69  3-SCHy

P70  3-SCH,

P none

P72 none

P73 none

P74 none

P75 3-OCH,

P76 3-OCH,

P77  3-OCH;,

P78 3-OCH»

P79 none

P80  none

P81 none

P82 none

P83 none

P84 none

P85 none

P86 none

P87 . 23-
CH=CHCH=CH-

Pgs *23-
CH=CHCH=CH-

P89 3 4-(CHa-

P90 3 4{(CHj)+

-nCyH;
-nC)H,
-nCxH,
-nCyHy
-nC,Hy
-nCyH,
-nGH,
-nC;H1
-nCsty
-nCyH,
-CH;Ph

-CH;CH=CH;
-I'IC;H':
-CH,Ph

-CH,CH=CH,
-nC;H-;
-CH;Ph

-CH,CH=CH,
-nC3H,
-nC3Hy
-nC;H,
-nCaH7
-nC;H,
-nCyH,

-nCsH,

-I‘IC:H-;
-llc;lH'l

2-CH,

-CH:CH,3
-CH,CH,
-CH,CH,
-CH,CH;

-CH:CH,
-nCyHy
-CH,Ph

-CHzCH,
-CH:CH,

-CH.CH,
-CH,CH,
-CH,CH,
-nC;H;

-CHCH,

-(CH2);-

-CH,CH;,

-I‘IC;H-,

-CH,CH,
-nCyH,

-CH,CH,

-nCyH,

-CH,CH,
-IIC:H-;

<J- I - - I - - -

£

c-Me
a-Me
c-Me
ci-Me
a-Me
a-Me
c-Me
tr-Me
tr-Me
tr-Me
tr-Me
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-nCyH, a-Me



x4

WO 9933806 PCT/US98/27350 ,5 Z

10

15

20

25

P108

none ;CF; -CH,CH, -CHCH; 4 H
P109 mCH, ;c"a -CH, CH:CH; 4 H
P110 2, 3-oCH; f:l -CH, -nCsHy 4 H

* Ar = naphthyl 1s depicted as R’ for convemience

The compounds of the present invention may be used to treat mild to moderately
severe pain in warm-biooded amimalis, such as, humans by adminustration of an
analgesically effective dose The dosage range would be from about 1 to 3000 mg, in
particular about 10 to 1000 mg or about 25 to 500 mg, of active ingredient 1 to 4 times
per day for an average (70 kg) human although 1t 1s apparent that actiity of individual
compounds of the mvention will vary as will the pain being treated 1n regards to the
use of these compounds as immunosuppressants, antunflammatory agents, agents for the
treatment of mental iliness, medicaments for drug and alcohol abuse, agents for treating
gastnitis and diarthea, cardiovascular agents, and agents for the treatment of respiratory
diseases, a therapeutically effective dose can be determuned by persons skilled in the art
by use of established ammal models Such dosage would likely fall in the range of from
about 1 to 3000 mg of active ingredient | to 4 times per day for an average (70 kg)
human Pharmaceutical compositions of the invention compnse the formula (1)
compounds as defined above, particularly in admixture with a pharmaceutically-
acceptable camer

To prepare the pharmaceutical compositions of this invention, one or more
compounds of the invention or salt thereof as the active ingredient, 15 intimately adnuxed
with a pharmaceutical carnier according to conventional pharmaceutical compounding
techmques, which carmer may take a wide vanety of forms depending of the form of
preparation desired for admimstration, e g  oral or parenteral such as intramuscular In
prepanng the compositions in oral dosage form, any of the usual pharmaceutical media
may be employed Thus, for liquid oral preparations, such as for example, suspensions,
elvars and solutions, suitable carners and additives mclude water glycols, oils, alcohols,
flavoning agents, preservatives, colonng agents and the like for sohd oral prepamtions
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such as, for example, powders, capsules and tablets, suitsble carmers and additives
include starches, sugars, diluents, granulahing agents, lubncants, binders, disintegrating
agents and the bke. Because of thewr ease in admuinistration, tablets and capsules
represent the most advantageous oral dosage umt form, m which case solid
pharmaceutical carners are obviously employed If desired, tablets may be sugar coated
or entenc coated by standard techniques For parenterals, the camer will usually
compnse sterile water through other ingredients, for example, for purposes such as
mding solubility or for preservation, may be included Imjectable suspensions may also
be prepared, 1n wiuch case appropnate hquid camners, suspending agents and the hke
may be employed The pharmaceutical compositions heremn will contain, per dosage
unit, e.g. tablet, capsule, powder imection, teaspoonful and the hke, an amount of the
active mgredient necessary to deliver an effective dose as described above

The pharmaceutically acceptable salts referred to above genenlly take a form in
which the mtrogen of the pipenidinyl nng 1s protonated with an inorganic or orgamc
acid Representative organic or inorganic acids include hydrochlonc, hydrobromuc,
hydrotodic, perchlonc, sulfunc, mitnc, phosphonc, acetic, propionic, glycolic, lactic,
succame, malesc, fumanc, malic, tartanc, citric, benzoic, mandelic, methanesulfomc,
hydroxyethanesulfonic, benezenesulfonic, oxalic, pamoic, 2-naphthalenesulforuc,
p-toluenesulfonic, cyclohexanesulfamic, salicylic or sacchanc.

The following examples are offered by way of illustration and not by way of
limitation

EXAMPLES
Procedure A

N-(3-Methoxyphenyl)-1-propyl-4-pipendinamine, I1 A solution of 4 S mL
(30 mmol) of N-propyl-4-pipendone, 3 4 mL (30 mmol) of m-anusmidine, and | 7 mL
(30mmol) of glacial acetic acid was stirred in 120 mL of 1 2-dichloroethane (DCE) and

9 49 g (45 mmol) of sodium tnacetoxyborohydnde was added The solution was stured
at 25°C for 3h The solution was washed with NaHCO, solution and bnne It was dned
and the solvent was evaporated The m-anisidine excess was distilled off in a Kugelrohr

14
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at 100°C /0 05 Torr There was obtained 3 § g (47% yield) of
N-(3-methoxyphenyl)-1-propyl-4-pipendinanune as a sobhd MS m/z = 249 (M + H)
300 MHz IH NMR (CDC,) 5 7 1 (t 1H) 6 15-6 35 (m, 3H) 3 75 (2, 3H) 325 (m,

1H),29(m, 2H) 23 (m, 2H) 2 15 (m, 4H) 1 5 (m, 4H) 09 (t, 3H) Anal caled. for
CistHaN:O C,7254 H 974 N 1128 Found C 7255 H,951 N 1121

Example 1

N,N-Diethyl-4-[3-methoxyphenyi(1-propylpiperidin-4-yl)amino]benzamide
Fomarate [1 1] C1 A solution of 3 5 g (14 1 mmol) of N-(3-methoxyphenyl)-1-
propyl-4-pipendinamine, 3 61 g (14 1 mmol) of N N-diethyl-4-bromabenzamude, 129
mg (0 141 mmol) tns(dibenzylideneacetone)-dipaliadium(0) (Pdzdba,), 263 mg (0 423
mmol) of (R)~(+)-2 2'-bis{(diphenylphosphino)-1 1'-binapthyl (+ BINAP)and 189 g

(19 7 mmol) of sodium ~-butoxide n 25 mL of dry toluene was heated at 110°C under
Ar 1n a pressure vessel for 16 h The mixture was cooled and partiioned between
CH,Cl; and H;O The organic layer was washed wath brine, dned (KyCO;) and the
solvent was evaporated The residue was chromatographed on a Biotage Flash 75 unt
using CH;Cl; MeOH NH,OH 92 8 0 8 as cluent There was obtained 3 2 g (53% yield)
of N N-diethyl-4-{3-methoxyphenyi( 1-propylpipendin-4-yl)amno]benzamide as a solid
A fumarate salt was prepared out of 2-PrOH mp 168-169°C MS mvx = 424 (M + H)
BOOMHzIHNMR(DMSOd.)S'IZ! (t, 1H) 72(d 2H) 68(d 1H) 66 (m, 4H) 65
(s,2H) 40 (m, 1H) 375(s,3H) 33(q 4H) 3 1(d. 2H) 24(m, 4H) 19(d, 2H), 1 4
(m, 4H) 11 (t 6H) 08 (¢t 3H) Anal calcd for CaHaN2020CHO, C 6677 H,
765 N 778 Found C 6669 H 776 N 768

Example 2

N,N-Diethyl-4-|3-hydroxyphenyl(1-propylpipendin-4-yl)amino]|benzamide
Oxalate Hydrate {10 05 025] C2 A solution of | 24 g (2 93 mmol) of N N-
diethyl-4-[3-methoxyphenyl(1-propylpipenidin-4-yl)amino]benzamide, C1 n § mL of
CH;Cl; was cooled to -60°C under Ar and a solution of 17 58 mL (17 58 mmol) of 1 0

15
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M BBr; in CH Cl; was added dropwise The temperature was allowed to nise to 25°C
and the mixture was sturred for 18 h [t was partitioned between NaHCO, solution and
25% EtOH 1n CHClz ‘The organic layer was dnied (Na;SO,) and the solvent
evaporated The residue was was heated under reflux in 100 mL of saturated NaHCO,
solution The solution was cooled and extracted with CH;Cl,. The solution was dned
(Na;S0,) and concentrated to give 1 1 g (92% yield) of N N-diethyl-4-{3-
hydroxyphenyl(1-propyipipendin-4-yl)ammnoJbenzamide as & gum An oxalate salt was
prepared in CHyCN mp 196-197°C  MS avz = 410 (M'+ H) 300 MHz 'H NMR
(DMSO-d) 57 2(m, 3H) 6 6 (m, 3H), 6 5(d 1H) 6 4(s, 1H), 4 1(m, 1H), 3 3(q, 4H)
32(m 2H), 26(m 4H) 21 (d 2ZH) 1 5(m 4H) 1 1(t, 6H) 0 8 (t, 3H) Anal caicd
for CsHysN3y0200 5 C:H20,0025H,0 C. 6803 H 801 N 915 HyO 098 Found
C,6773 H773 N 911 H;0 046

Example 3

N,N-Diethyl-4-{phenyi(1-propyipiperndin-4-yl)amino]benzamide Fumarate[l 1)
C3 Following the protocol of Procedure A and employing anihine in place of m-
ammidine, N-phenyl-1-propyl-4-pipendimanune was obtained as a sohd mp 71-72°C
MS m/z =217 (M + H) 300 MHz |I-INMR(CDCI;)ST 1 (t, 2H), 6 65-6 5 (m, 3H)
35(s,1H) 325(m, 1H) 33 (m, IH)29(m, 2H) 23 (m, 2H) 2 15 (m, 4H) 15(m,
4H) 09(t, 3H)

Then, following the procedure of Example | and employing N-phenyl-1-propyl-
4-pipendinamine m place of N-(3-methoxyphenyl)-1-propyl-4-pipendinamine, N N~
diethyl-4-[phenyi(1-propylpipendin-4-yl)amino]benzarmde fumarate was obtamned as the
product mp 152-154°C MS mvz =394 (M + H) 300 MHz 'H NMR (DMSO-d) 8
745(t,2H) 73(t, 1H) 72(d 2H) 705(d, 2H) 6 55(d, 2H) 6 5 (s, 2H) 40 (m,
1H) 33(q 4H) 3 1(d.2H) 24(m 4H) 19(d 2H) 14 (m,4H) 11 (t, 6H) 08 (t,
3H)

f



WO 99/33806 PCT/US98/27350 ) 54

N-Methyl-N-phenyl-3-|phenyl(1-propyipiperidin-4-yl)Jamino]|benzamude
Fumarate[l 1.4] C4 Following the procedure of Example 1 and employng N-
phenyl-1-propyl-4-pipendinamine in place of N-(3-methoxyphestyl)-1-propyl-4-

S  pipendimarmne and 3-bromo-N-methylbenzanihde in place of N,N-diethyl4-
bromobenzamide, N N-diethyl-4-[phenyi(1-propyipipendin-4-yl)amuno]benzamde
fumarte [1 1 5] was obtained as the product mp 190-191°C MS m/ =~ 428 (M + H)

300 MEz "H NMR (DMSO-ds) § 7 35 (1. 4H) 7 2-69 (m, 4H) 6 55 (t, 2H), 6 5 (s,

2H) 385 (m, 1H) 33 (s, 3H) 29 (d 2H) 24 (t, 2H) 22(d 2H) 16(d, 2H) 1 4(m,
10 2H) 11 (m, 2H) 08 (t. 3H)

Procedure B

Following the protacol of Procedure A and employing the appropnate aryl amine in

place of m-anisidine and the requisite N-substituted pipendine in place of N-

propylpipenidine, the following N-aryl- | -substituted-4-pipendinanunes, 12 - 110 were
15 prepared

/ ~
R1ll-3 NH
\
R®

where R® and R’ are dependently selected from the groups consisting of

Cpd# R™-Ar R* MS vz (M"+ H)

n 3-CH,0-Ph 1-Propyl 249

17
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2 3-Cl-Ph 1-Propyl 253
I3 2-CH,0-Ph 1-Propyl 249
14 1-Naphthy! i-Propyl 269
I5 Ph Methyl 191
I6 3-CH.O-Ph Methyl 221
I7 3-F-Ph Methyl 209
I8 Ph Ethyl 205
19 3-F-Ph Ethyl 223
110 Ph Benzyl 267
Example §

Following the procedure of Example | and employing the appropnate N-aryi-4-
pipendinamine 1n place of N-(3-methoxyphenyl)-1-propyl-4-pipendinamine and the
requisite 4-bromobenzamide in place of N N-diethyl-4-bromobenzamde, the following
compounds CS - C45 were obtuined

O
R
2 T/
Ar, 2
R’o-a/ °N R
\
R®

where R' R? R® and R’-Ar are dependently selected from the groups consisting of
Cpd# R-Ar 'y R' R MS  Isoln

Cs 3-Cl-Ph 1-Propyl Ethyl Ethyt 423 A
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C6  3-C-Ph 1-Propyl
C?7  2-CHO-Ph  I-Propyl
Cs 1-Naphthyl 1-Propyl
C9 1-Naphthyl 1-Propyl
Cl0 Ph Methyl
Cll Ph Methyl
Cil2 Ph Methyl
Cl3 Ph Methyl
Cl4 Ph Methyl
Cl15 Ph Methyl
Ci6 Ph Methyl
Ci7  3-CH;O-Ph Methyl
Ci8  3-CH,O-Ph Methyl
C19  3-CH,O-Ph Methy!
C20  3-CH,O-Ph Methyl
C21  3-CH,0-Ph Methyl
C2  3-CH,O-Ph Methyl
C23  3-CH;O-Ph Methyl
C24  3-P-Ph Methyl
C25 3-F-Ph Methyl
C26  3-F-Ph Methyl
C27 3-F-Ph Methyl
C28  3-F-Ph Methyl
C29  3-F-Ph Methyl
C30 3-F-Ph Methyl
C31  Ph Ethyl
C32 Ph Ethyl
C33 Ph Ethyl
C34 Ph Ethyl
C35 Ph Ethyl
C36 Ph Ethyl
C37 Ph ., Ethyl

~(CHa).-
Ethyl Ethyl
Ethyl Ethyl
~(CHa)-
Ethyl Ethyl
1-Propyl  1-Propyl
Methyl Ethyl
2-Propyl  2-Propyl
«(CH;)z-0-(CHa)r-
~(CHa)s-
~(CHa)s-
Ethyl Ethyl
1-Propyl 1-Propyl
Methyl Ethyl
2-Propyl  2-Propyl
-(CH.»-0-(CHa)-
+(CHy)s-
«(CHa)e-
Ethyl Ethyl
1-Propyl 1-Propyl
Methyi Ethyl
2-Propyl  2-Propyl
~«(CH;)-0~(CHz)z-
«(CHa)s-
«(CHa)-
Ethyl Ethyl
1-Propyl 1-Propyt
Methyl Ethyl
2-Propyl 2-Propyl
«(CH3)-0(CHa)r
~(CHa)s-
~«CH,).-

9
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426
424
416
456
366
394
352
394
380
Ky}
364
396
424
382
424
410
408
394
384
112
370
412
398
396
382
380
408
366
408
3%4

378
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C38  3-F-Ph Ethyl Ethyl Ethyl 98 B
C39  3-F-Ph Ethyl 1-Propyl I-Propyl 426 B
C40  3-F-Ph Ethyl Methyl  Ethyl 384 B
C4l  3-R-Ph Ethyl 2-Propyl 2Propyl 426 B
c42  3F-Ph Ethyl {CH)rOCH)- 412 B
C43  3-F-Ph Ethyl {CHa)s- 40 B
C44  3-F-Ph Ethy! CH)e- 3% B
C45 Ph Benzyl  Ethyl Ethyl 42 A

Isolation, Method A chromatography on $10; wvith CH;Cl; \ MeOH \ NH,OH,
95\5\05

Method B Reverse phase HPLC on YMC J' sphere HE0 (20/80 MeCN/O 1% aq TFA
to 90/10 MeCN/0 1% aq TFA)

Example 6

N,N-Diethyl-4-[3-acetoxyphenyl(1-propylpiperidin-4-yi)amino]| benzamide
Hydrochlonde|l 1} C46 A solution of 0 96 g (2 3 mmol) of N N-diethyl-4-{3-
hydroxyphenyl(1-propylpipendin-4-yl)amino]benzanude was stirred in 20 mL of CH,Cl,
and 0 17 mL of acetyl chionde was added The mixture was stured for 2 h. The solvent
was evaporated and the residue recrystalized from 2-PrOH to give 0 7g (62% yreld) of

the title compound as a wiite crystalline sobd mp 218-219°C MS mvz =452 (M +
H) 300MHz 'H NMR (DMSO-) 6 73 (d 2H) 72 (m, IH) 6 9 (d, 2H) 6 7 (m,
2H)41 (L, 3H) 36(d, 2H) 3 4 (m,4H) 28 (m, 4H) 2 4(m, 2H) 22(s,3H) 21 (d,

2H) 19(m,2H) 12 (t, 6H) 10(t, 3H) Anal caled for CnHyN20yeHC! C 66 45
H,745 N 861 Found C 6607 H,783 N 832

Biological Testing

Delta- and mu-opiod receptor binding of the above compounds was determuned
according to the following procedures and the following results were obtained

»-
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1) High Throughput Screening Assay for Delta-Opioid Receptor Binding

Matenals, This 1s 8 receptor based screen to detect the competitive binding of test
compounds at the opioid delta receptor agamnst the radiobgand [*H]bremazocine

(S A=25 5 C/mmol, Dupont/NEN Cambndge, Massachusetts) The receptorisa
cloned human cDNA expressed in mammahan CHO cells Membranes prepared from
these cells are purchased from Receptor Biology Baltimore, MD The reaction buffer 1s
composed as follows HEPES (50 mM final) MgCl 6HyO (5 mM final), o-
phenanthroline (20 mg/) aprotiun (10 mg/l) Pefabloc SC (250 mg/T), leupeptin (0 §
mg/l) pepstatin A (0 7 mg/l) trypsin mhibitor (25 mg/T) chymostatin (10 mg/l) pH =
72 Naloxone, 10 uM 1s used to define non-specific binding The assay employs
filtration to capture receptor and bound hgand

Procedure, The receptor (membrane) preparation (28 ug protein) 1s allowed to incubate
wth the opioid receptor radiohigand (["H]bremazocine, 2 4 nM) n 96-well plates until
equilibrium 1s reached (>2 hr) Following incubation with the radioligand at 23°C, the
well contents are filtered onto 96-well Whatman GF/C filter plates using a Packard cell
harvester Radioligand bound to the receptor also remains on the filter The filters are
nnsed three times with 0 5 mL of phy=iological saline (0 9% NaCl) to remove any
unbound radioligand from the filters Filters are dried and scintillation fluid 13 then
added to the filters which emts hight in proportion to the amount of radioactivity on the
filter which 18 determined using an Packard Topcount scintillation counter

Ponciple, Unknown drugs included in the incubation which bind to the same receptor as
the radiohgand will compete for the receptor and reduce the amount of radioligand
which binds to the receptor This 15 detected as a decreased scintillation signal from that
particular incubation The better an unknown competes for the receptor the larger the
observed decrease 1n radioligand bound to the receptor thus the assay 1s in the format of
an inhibition study Data are reported as percent inhibition of control binding

Resujts, The following compounds were tested wath the following results.

Cpd# %1 @ 25 uM . Cpd# %1 @ 25 uM

Cl1 97 Cii 101
(ox I 94 c12 95

21
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102
101
100
69
103
Cl10 100
C20 98
Q1 70
C22 89
C23 91
C24 97
C25 100
C26 96
C27 97
Ca28 77
C29 85
30 85
ox ) 100
C32 100
C33 98

C13
Cl4
Cis
Ci6
C17
Ci8
C19
C4
G35
C36
C37
s
C39

Caz
Ca3

C45

PCT/USS8/2T350

89
87

100

2) Manua! Tissue Screemng Assay for Delta- and Mu-Opioid Receptor Binding

A) Rat Brain 5-Opiord Receptor Binding Assay

Procedure. Male, Wistar rats (150-250 g, VAF Charles River Kingston, NY) are
klled by cervical dislocation, and their brains removed and placed immediately in 1ce
cold Trnis HCI buffer (S50 mM pH 74) The forebrains are separated from the
remamnder of the bran by a coronal transection, beginning dorsally at the colhcul and
passing ventrally through the midbran-pontine junction  After dissection, the
forebrains are homogemzed n Tns buffer in a Teflon“-glass homogemzer The
homogenate 15 tiluted to a concentration of 1 g of forebrain tissue per 100 mL Tns

22
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buffer and centnfuged at 39 000 X G for 10 min  The pellet 15 resuspended in the
same volume of Tnis buffer with several bnef pulses from a Polytron homogenzer
This particulate preparation 15 used for the §-opioid binding assays. Following
weubation with the 5-selective peptide ligand ["H]DPDPE at 25°C, the tube contents
filtered through Whatman GF/B filter sheets on a Brandei cell harvester The tubes
and filters are nnsed three tumes with 4 mL of 10 mM HEPES (pH7 4) and the
radioactivity associated with the filter arcles determined umng Formula 989
santillation flud (New England Nuclear Boston, MA) i a scintilation counter
Analyss, The data are used to calculate esther the % inhibition compared to control
bind:ng (when only a single concentration of test compound 15 evaluated) or a K; value
(when a range of concentrations 15 tested)
% mhibition 1s calculated as  1-(test compound dpm-nonspecific dpm)/(total dpm-
nonspecific dpm)* 100
K; values are calculated using the LIGAND (Munson, PJ and Rodbard D Anal
Biochem 107 220-239 1980) data analysis program

B) Rat Bran u-Opiod Receptor Binding Assay
Procedure, Male, Wistar rats (150-250 g, VAF Charles River Kingston, NY) are
killed by cervical dislocation, and their brans removed and placed immediately n ice
cold Tris HCI buffer (50 mM pH 7 4) The forebrains are separated from the
remander of the brain by a coronal transection, beginning dorsaily at the colliculs and
passing ventrally through the midbrain-pontine junction  After dissection, the
forebrains are homogemzed 1n Tns buffer in a Teflon“-glass homogenzer The
homogenate 1s diluted to a concentration of | g of forebrain tissue per 100 mL Tns
buffer and centnifuged at 39 000 X G for 10 min  The pellet 1s resuspended in the
same volume of Tns buffer with several bnef pulses from a Polytron homogenzer
Thus particulate preparation is used for the p-opioid binding assays Following
ncubation with the m- selectrve peptide hgand PHJDAMGO at 25°C  the tube
contents are filtered through Whatman GF/B filter sheets on a Brandel cell harvester
The tubes and filters are nnsed three times with 4 mL of 10 mM HEPES (pH7 4), and
the mdwoactivity associated wath the filter circles determned using Formula 989
scintillation fluud (New England Nuclear Boston, MA) 1n a scintillation counter

23
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Analysis. The data are used to calculate ether the % inhibition compared to control
binding (when only a single concentration of test compound 1s evaluated) or a K; value
(when a range of concentrations 1s tested)
% inhibrtion 1s calculated as 1 -(test compound dpm-nonspecific dpm)/(total dpm-
nonspecific dpm)* 100
K; values are calculated using the LIGAND (Munson, P.J and Rodbard, D, Anal
Biochem. 107 220-239 1980) data analyns program
Reaults, N N-Diethyl-4-{phenyi(1-propylpipendin-4-ylaruno]benzamde fumarate,
CA4, exhibited a K; of 25 nM in binding to the §-opioid receptor and a K; of 153 nM in
binding to the p-opioid receptor N N-Dhethyl-4-[3-hydroxyphenyi(1-propyipipendin-
4-yNammo]Jbenzamide fumarate, C2, exhibited a K; of 0 83 nM in binding to the 5-
opiowd receptor and a K, of 2,762 nM in binding to the p-opioid receptor
The actvity of compounds of the invention as analgesics may be demonstrated

by the mouse acetylcholine-bromide induced constncnon assay as descnbed below

C)  Mouse Acetyicholine Bromude-Induced Abdomunal Constriction Assay
Procedure. The mouse acetylchohine-induced abdominal constiction assay as
descnbed by Collier et al wn Brit J Pharmacol. Chem Ther 32 295-310 1968, wath
mmor modifications was used to assess analgesic potency of the compounds of formula
(I) The test drugs or appropnate vehicles were adminstered orally (p o ) and 30
munutes later the ammal recesved an intrapentoneal (1 p ) injection of 5 § mg/kg
acetyicholine bromude (Matheson, Coleman and Bell East Rutherford, NJ) The mice
were then placed m groups of three into glass bell jars and observed for a ten minute
observation penod for the occurrence of an abdominal constriction response (defined
as a wave of constriction and elongation passing caudally along the ahdominal wall,
accompamed by a twisting of the trunk and followed by extension of the hind limbs)
The percent inhibition of this response to a nociceptive stimulus (equated to %
analgesia) was calculated as follows The % inlibition of response, 1 ¢ % analgesia is
equal to the difference between the No of control ammal responses and the No of
drug-treated amimal responses times 100 divided by the No of control ammals
responding
Results, N N-Diethyl-4-[phenyl(1-propyipipendin-4 yl)ammno]benzamde fumarate,
C4 exhibited an EDyo of 4 2 pumol/kg in this assay
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WHAT IS CLAIMED IS

1 A compound which binds to the delta-opioid receptor of the general formula

where

Aris phenyl 1-naphthyl or 2-naphthyl each optionally substituted with 1 to 3 R’

R' and R? are independently selected from the group consisting of hydrogen, Cy.salkyl
phenyl optionally mono- di- or tn-substituted with halo C,.alkyl C,calkoxy or
tnfluoromethyl or benzyl optionally mono- di- or tn-substituted with halo
Crealkyl, Ciealkoxy or tnfluoromethyl or altematively R' and R? are taken
together with their N of attachment to form a nng which s selected from the group
consisting of pyrrolidinyl morpholinyl, pipendinyl and hexamethylenewmnyl, each
said nng optionally substituted with 1 to 4 methyl groups,

R?, R* and R? are independently selected from hydrogen and Cyqalkyl

R 13 selected from the group consisting of hydrogen Csalkyl Cy.ecycloalkylCyaalkyl
Cietlkenyl C,.calkoxyCialkyl 4-Ci,alkyl-4 S-dihydro-5-oxo-1H-tretrazol-1-
yiCiaalkyl thien-2-ylC,alkyl thien-3-ylCiialkyl furan-2-ylCi4alkyl furan-3-yiC,
alkyl pyrrol-2-yICyalkyl pymrol-3-ylCi alkyl pyndin-2-yICi.alkyl pyndin-3-yiC,
alkyl pyndin-4-yIC,alkyl pyrazanylCiialkyl pynmidin-2-ylC,alkyl pynmdin-4-
yiCi4alkyl pynmidin-5-yiCialkyl thwzol-2-yiCi4alkyl thiazol-4-yiC,-alkyl
thiazol-5-ylC,4alkyl oxszol-2-ylC4alkyl oxazol-4-yIC,4alkyl oxazol-S-ylCiealkyl
and phenylC,alkyl where the foregoing thienyl furanyl pyrrolyl thiazolyl and
oxazolyl are optionlly mono- di- or tn-substituted with a non-fused R’ and the
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foregoing pyndinyl pyrazinyl pynmudinyl and phenyl 1s optionally mono- di- or tn-
substituted with R’

R’ 1s mdependently sclected from the group consisting of hydroxy, halo, C;.salkyl,
Cisslkoxy Ciqacyl Cisacyloxy cyano amino Ciaacylamino, Cisalkylamino,
dy(Cy.zalkyllamino Cyyalkylthio Cisalkylsulfonyl, trifluoromethyl and
tnfluoromethoxy and two R’ can together form a singie moiety selected from the

group consisting of {(CH;)y.s- and -O(CH,),20- attached to adjacent carbon atoms
of Ar and

R" 1s independently selected from the group consisting of halo C¢alkyl C,.calkoxy
and tnfluoromethyl

2 The compound of claim ] wherein Ar 1s phenyl

3 The compound of clum 1 wheremn R' and R? are independently selected from
the group consisting of hydrogen, methyl, ethyl n-propyl 1-propyl, n-butyl t-butyl
r-butyl, phenyl p-chlorophenyl, p-fluorophenyl p-methyiphenyl,
p-tnflucromethylphenyl benzyl p-chlorabenzyl p-fluorobenzyl, p-methylbenzyl and
p-triflucromethyibenzyl or alternatively R' and R? are taken together with their N of
attachment to form a nng which 1s selected from the group consisting of pyrrohidinyl
and pipendinyl

4 The compound of clum | wherein R* R and R® are independently sclected
from hydrogen, methyl ethyl n-propyl 1-propyl and t-butyl

5 The compound of clam 1 wherein R® are selected from the group consisting of
hydrogen, methyl ethyl n-propyl 1-propyl n-butyl 1-butyl, t-butyl cyciopropyimethyl
cthenyl allyl methoxymethyl, benzyl p-chiorobenzyl p-fluorobenzyl p-methylbenzyl
p-trifluoromethylbenzyl p-aminobenzyl thien-2-yICH:CHy- thien-3-yICH;CH-
pyndin-3-yICH:CHz pyndm-4-yiCH;CHz- thiazol-2-yICH;CHz- and phenyiCH,CHg-

6 The compound of claim | wheremn R’ are independently selected from the

»
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group consisting of hydroxy chloro bromo fluoro methyl ethyl n-propyl i-propyl
n-butyl 1-butyl t-butyl methoxy ethoxy formyl acyl acetoxy cyano ammo
methylamido methylamino N N-dimethyiamuino methyithio methylsulfonyl,
tnflucromethoxy and tnfluoromethyl, and preferred moweties where two R’ together

form a single mozety are selected from the group consisting of propylene, butylene and
-OCH;0-

7 The compound of clany | wheremn R® are independently selected from the

group consisting of chloro bromo, fluoro methyl ethyl n-propyl, 1-propyl, t-butyl,
methoxy ethoxy and tnfluoromethyl

8 The compound of claim ! having the general structure

de
where R' R? R* R* and R’ are dependently selected from the groups consisting of

Cpd# R’ R* R' R? amde R’
subst

P1 none ~CH,CH=CH, -CH,CH; -CH,CH, 4 H

P2 none CH—<] -CHCHy -CH:CH, 4 H

P3 3-OH -CH;CH=CH; -CH,CH; -CH,CH: 4 H

P4 3-OH CH- -CH,CH; -CH,CH: 4 H
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T2 3 &G

P10
P11
P12
P13
Pl4
P15
P16
P17
P18
P19

P21

P23

P25

P27

P29
P30
P31
P32
P33
P34
P3$
P36

3-O0H
3-OH
3-OH
3-OH
3-OH
3-OH
3-OH
3-0H
3-OH

none

3.F

1F

3.F

3-OCH,
3-OCH;
3-OCH,

3 4-OCH,0-
3 4-OCH;0-
3 4-OCH;0-
3 4-OCH;0-
3-N(CH»)
3-N(CHs)x
3-N(CH:)
3-N(CH;),
4F

4F

AF

4F

2-F

2-F

-CH,
-CH,CH,
-CH,CH;Ph
-CH,
-CH,CH,
-CH,CH,Ph
CH,
-CH:.CH,
-CH,CHyPh
-CHy
-CH,;CH,
-CH,C:1,Ph
-CH,
-CH,CH,
-CHCH2Ph
-CH,
~CH;CH,
-nCH,
-nGH,
-nCyH,
-nC;H-;
-nCyH,
-nCsH,
-nCyH;
-nC;H-;
-nC;H;
-nCyH,
-nCyH,
-nCaHy
-nCyH>
-nC;H,
-nCxH,

28
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2-C:H;,
-nCiHy

-nCyH,
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P37 2-F
P38 2-F
P39 3-Cl, 4-OCH,
P40  3-Cl, 4-OCH,s
P41 3-Cl, 4-OCH,
P42 3-Cl 4-OCH,
P43 3-CF
P44 3CH
P45 3-CF
P46 3CF;
P47 3-OCH, 5-0OCH:
P48  3-OCH, 5-O0CH,
P49  3-OCH, 5-OCH,
P50  3-OCH, S-OCH,
P51 3-CH,
PS2 3-CH,
P53 3CH,
P54 3-CH;
PSS 4-CH,
P56 4CH,
P57 4CH,
PS8 4-CH,
P59  2-CH,, 3-CH:
P60  2-CH, 3-CH»
P61 2-CH; 3-CH,
P62 2-CH; 3-CH,
P63 3-OCF;
P64  3-OCF»
P65 3-OCF:
P66 3-0CF;
P67 3-SCHy
P68  3-SCHa

nGH,
-nCH,
-nCyH>
-nCsH,
-nC3H,
-nCyH,
-nCH,
-nCsH>

-nCs;H,
-nC;Hy
-nC:H,
-nCsH,
-nC3H,
-nCyH7
-nC,H,
-nCaH,
-nC:H,
-nC;H;
-nCaH,
-nCyH,
-nC\H;
-nC;H,
-nC;H,
-nCyHy
-nCyH,
-nCxH,
-nC;H,
-nGH;
-nC;H;
-nCyH>
-nCxH,

29

-nC;H,
2-C;H,
-nC4H,
-CH;CH,
-nCsHy
2-C3H,

-CH,CH,
-nCyH,
2-C;H3
-nCH,

-nCyH>
2-CyH-
-nCHs
-CH,;CH,
-nCyH,
2-G;H,

-CH2CH,
-nC;H-;
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P69
P70
P
P72

P74
P75
P76

P78

P82

P83

Pas

P86
P87

P88

P89

2823

P94

3-SCH»
3-SCH,

*23-

CH=CHCH=CH-

*23-

CH=CHCH=CH-
3 4(CHy)-
3 4{(CHa)-
3 4-CH,CH,CHy-
3 4-CH,CH,CHr

m-F

-I'lC:H'r
-nCH,
~CH,Ph

-CH,CH=CH,
-nCyHy
-CHyPh

-CH,CH=CH,
-nCyH,
-CHzPh

-CH,CH=CH,
-nCyH;
-nC3;H,
-nC;H,
-nC;Hy
-nC3H,
-nCyHy

30

-CH,CHy
-CH;CH,
-CH.CH,
-CH;CH,
-nCyH,

-CH,CH,

«(CHa)s

-CHCH;,

-nCyH,

-CH,CH,
-nCsHy

-nCyH;
-CH,CH,

-CH,CH,

-CH:CH,

-nC;H,

~CHCH;
-nC;H;
-CH.CH,
-nC;H,
-CH;CH,

<CH:CH,
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P95

P98

P100

P10}

P102

P103

P104

P10S

P106

P107

P108

P109

P110

m-lCl‘I;

m-OH

None

I'Il-SCH;

I\'I-OCF;

'I'I’I'CH;I

2 3-oCH,

2

d

S

p}
wl

§

5 654565433444

-

n
s

OMe

31

-CH,

-CH;CH,

-IIC;H-[

-CH,

-CH;CH,

-CH2CH,

-nCxH,

-CH,CH,

-nCyHy

-CH,

-CH:CH»

-CH.

-CH»

-CH,CHa

-l'IC:H-;

-CH;CH;

-CH,CH,

-nCyH,

-nC;H,

-nCH,
-nC;H,

-CH2CH,

-CHCH,

-nC,H;

PCT/US98/27350
4 c-Me
4 H
4 H
4 tr-Me
4 H
4 H
4 c-Me
4 H
4 H
4 tr-Me
4 H
4 H
4 c-Me
4 H
4 H
4 H
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The compound of claim 1 having the generul structure

where R' R? R® and R’-Ar are dependently selected from the groups consisting of

Cpd# R’-Ar

Cli 3-CH,0-Ph
2 3-HO-Ph
C3 Ph

C4 Ph

C5 3-Cl-Ph

Cé6 3-Cl-Ph
C7 2-CH,0-Ph
C8  1-Naphthyl
C9  1-Naphthyl
Cio Ph

Cll Ph

Cl2 Ph

C13 Ph

Cl4 Ph

C15 Ph

Cl16 Ph

R

1-Propyl
i-Propyl
1-Propyl
1-Propyl
1-Propyl
1-Propyl
1-Propyl
1-Propyl
1-Propyl
Methyl
Methyl
Methyl
Methyl
Methyl
Methyl
Methyl

R R
Ethyl Ethyl
Ethyl Ethyl
Ethyl Ethyl
Methyl Ph
Ethy! Ethyl
«CHa)e-
Ethyt Ethyl
Ethyl Ethyl
«CHa)s-
Ethy! Ethyi
I-Propyl  |-Propyl
Methyl Ethyl
2-Propyl  2-Propyl
«{CH2)r-O-(CHz)r
«CHa)s-
«(CHa)e-
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C17  3-CH,O-Ph
Cig  3-CHxO-Ph
C19 3-CH,O-Ph
C20 3-CH,O-Ph
C21 3-CH;O-Ph
C22 3-CH,O-Ph
C3 3-CH,O-Ph
C24  3-F-Ph
C25 3-F-Ph
C26  3-F-Ph
C27  3-F-Ph
C28  3-F-Ph
C29 3-F-Ph
C30  3-F-Ph
31 Ph
C32 Ph
C33 Ph
C34 Ph
C35 Ph
C36 Ph
C37 Ph
C38  3-F-Ph
Q9 3-F-Ph
C40  3-F-Ph
C41 3-F-Ph
C4z  3.F-Ph
C43 3-F-Ph
C4 3-F-Ph
C45 Ph
C46  3-CH,C(0)O-

Methyl
Methyl
Methyl
Methyl
Moethyl
Methyl
Methyi
Methyl
Methyl
Methyl
Methyl
Methyl
Methyl
Methyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Ethyl
Benzyl
n Propyl

Ethyl Ethyl
1-Propyl 1-Propyl
Methyl Ethyl
2-Propyl  2-Propyl
«CH2)-O(CHa)r-
~(CHy)s-
«(CHa)e
Ethyl Ethyl
1-Propyl 1-Propyl
Methyl Ethyl
2-Propyl  2-Propyl
«CH)-0<CH:)r
~CHa)s-
~(CH)-
Ethyl Ethyl
1-Propyl 1-Propyl
Methyl Ethyl
2-Propyl  2-Propyl
«(CH,)-O«(CHa)r-
~(CHa)s-
~(CHa)-
Ethyl Ethyl
1-Propyl 1-Propyl
Methyl Ethyl
2-Propyl  2-Propyl
<{CH3)-0-(CHa)>-
~(CHy)y-
~CHj)s-
Ethyl Ethyl
Ethyl Ethyl

The compounds of claim ! which are effective analgesics
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12  The compounds of claim 1 which are effective iImmunosuppressants,

antunflammatory agents, agents for the treatment of mental iliness, medicaments for
drug and alcohol abuse, agents for treating gastntis and diarrhea, cardiovascular agents,
and agents for the treatment of respiratory diseases.

13 A method for the treatment of pain in mammais comprising adminustenng an
effective amount of a compound of clam 1

14 A method of the therapeutic treatment of a mammal compnsing administenng a
compound of clasm | which 1s effective as an immunosuppressant, antunflammatory
agent, agent for the treatment of mental iliness, medicament for drug and alcohol

abuse, agent for treating gastritis and diarthea, cardiovascular agent, or agent for the
treatment of respiratory diseases, 1n an effective amount to such mammal in need of the

15 A method to make a compound of the formula

compnsing the step of arylating a compound of the formula
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R®
in the presence of a palladium catalyst, a phosphine ligand and a base with a compound
of the forumla

x” X

X =Br, 1, 0SO,CFa
S  where

Ar1s phenyl 1-naphthyl or 2-naphthyl each optionally substituted wath | to 3 R’

R’ and R? are independently selected from the group consisting of hydrogen, C;.salkyl
phenyl opuionally mono- di- or tri-substituted with halo C).ealkyl Cy.alkoxy or
trifluoromethyl or benzyl optionally mono- di- or tn-substituted with halo

10 Cistlkyl Ciealkoxy or tnfluoromethyl or alternatively R’ and R? are taken
together with therr N of attachment to form a nng which 13 selected from the group
consisting of pyrrohdinyl morpholinyl pipenidinyl and hexamethyleneiminyl each
said nng optionally substituted with 1 to 4 methyl groups

R’ R!and R? are independently selected from hydrogen and C,.alkyl,

15  R®is selected from the group consisting of hydrogen Cqalkyl CiecycloalkylCsalkyl
Crsalkenyl CiealkoxyCi;alkyl 4-C,alkyl-4 5-dihydro-5-0xo0-1H-tretrazol-1-
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yiCrealkyl thien-2-yiCi4alkyl thien-3-yiCiualkyl furan-2-yiCi.alkyl furan-3-4iC,
alkyl pyrrol-2-yiC,.alkyl pyrrol-3-yiCy.alkyl pyndin-2-yiCalkyl pyndmn-3-yiC,
alkyl, pyndin-4-yiC,.alkyl, pyrazinylCi4alkyl pynmudin-2-yiC,calkyl pynmdin-4-
yiCialkyl, pynmudmn-5-yiCialkyl thiazol-2-ylC,alkyl, thiazol-4-y1C; alkyl,

5 thiazol-5-ylC,4alkyl oxazol-2-yiCy..alkyl oxazol-4-yIC,.alkyl, oxazol-5-yiC, salkyl
and phenyiC,.alkyl, where the foregoing thienyl, furanyl, pyrrolyl, thuzolyl and
oxazolyl are optionlly mono- di-, or tn-substituted with a non-fised R? and the
foregoing pyndinyl, pyraznyl, pynmidinyl and phenyl 13 optionally mono-, di-, or tn-
substituted with R’

10  R’is independently selected from the group consisting of hydroxy halo C,.alkyl
Ciaalkoxy Ciaacyl Ciaacyloxy cyano amino Cyjacylammno C,.jalkylamino
di(Cysalkyl)Jamino Ciaalkylthuo Ciaglkylsulfonyl tnfluoromethyi and
triflucromethoxy and two R’ can together form a single moiety selected from the

group consisting of -(CHa)ys- and -O(CHg3),.;0- attached to adjacent carbon atoms
15 of Ar and

R’ 1s independently selected from the group consisting of halo Cialkyl C,.calkoxy and
trifluoromethyl
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Probes for Narcotic Receptor Mediated Phenomena 26 '-? Synthesis and
Biological Evaluation of Diarylmethylpiperazines and Diarylmethylpiperidines
as Novel Nonpeptidic § Opiold Receptor Ligands
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We] rﬁmﬂy reparted (+)-4r-[(((|.laé.l.iq Egbs).sn—l-nllyl 2 Sdknﬂll\cy; l-plpa'uinyl};amﬂnxybm

Ndiethylbenzamide as a novel nonpeptidic 4 receptor agonist and explored
:Iy‘n structure—activity relationships (SAR) of a series of related dertvatives We have found
that & binding activities and selectivity showed little change when the 3-methoxy group in 1b
was removed or replaced by the other substituents whereas the /N A-diethylbenzamide group
is important for interaction with the é receptor Extensive modification of the piperazine nucleus
led 1o the synthesis of a new series of N N-diethyl(a-piperaziny benzamides (2 3a—e)
N Ndisthyl(a-ptperidinyl or piperidinylidensbenzyl)berzamides (4a, 5a—c 8a—b) and related
derivatives (db Ta—c) Several campounds {2 3a. 3e, 8a) strongly bound to the & receptor
Mth&vnlunslnﬂmlownammohrrange.ﬁnmeoﬂml hand t.l'lehmdlnggmnlﬂesdthm
cnnq::undsﬁ:rﬂ:e and & receptors were e indicating excellent ioid receptor

subtype selectivity The two nitrogen ntmu':l‘lﬂ;ll:b piperazine micleus shwedoﬂlﬂhrent SAR
in the interaction of this series of compounds at the 4 receptor Nitrogen N appears to be an
important structural element and is essential for electrastatic interaction while N! seems to
be unnecessary for recognition at the 4 receptor

Classification of oplold Intomm: () delta (3)

and kappa (r) is widely accepted and they have been
jdentified by molecular cloning and pharmacologicsl
means 4-° Recent advances in the understanding of the
lological functions of the & oploid receptors have
highlighted the important role of this receptor in the
regulation of pain 719 and the search for 4 receptor
agonists has been pursued in numerous lehoratories. A
number of selective 4 agonists such as DPDPE and
[D Ale?]deltorphin II have been developed for probing
the function of the 3 receptor 1° Despite their  agonist
activity their therapeutic use is limited dus to their
peptidic structure The and identfication of
(:I:H ((@R-a (2S:5R 4-allyl-2,5-dimethyl 1-piperaziny))
3 hydraxybenzyl] N.N-<diethylberzamide ((+) BW373US6,
(+) 1a) as a salactive and nonpeptidic & receptor agonist
was 8 major advance in this erea !i~13 This compaurd
has been described as the first systemically active

National Institute of Dishetes und Digestive and Kiiney Discosss.
National Inatitute on Drug Abuse

'The of Arimone
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nonpeptids & agonist and has proven useful in the
characterization of the behavioral effects mediated by
cantral 3 receptors in primates 1413
Recently we mwported the synthesis and absolute
configuration of the optically pure enantiomers of the
nonpeptide 4 oplald agonist, (+) 1a its benzylic epimers
and thelr methyl ethers 2 Among this serfes we have
found that replacement of the phanolic hydroxyl group
in la with either a methoxyl group ((+) 4 [(@R-
(2S.5R)-4-allyl 2 5 dimethyl 1-piperazinyl}-3 methaxy
banzyl) N Nediethylbanzamide, 1b SNCS0) or a hydro
gen atom (1c) guve ligends which retained the potent 4
activities and significantly increased the /4 selectivity
in both aploid receptor binding and in vitro functional
assays (Chart 1) Subsequent studies included an In
vestigation of the role of the amids functional group of
1b—c at the oploid receptors.? We found that the NN
p-disubstituted amids functionsl group is important for
the interaction of this series of compounds et the &
receptor Furthermore, from the above shudies we also
lsarmied that the spatial orientation of the a benzylic
position dramatically influenced the activity and selec
tivity of these malecules at & oplold receptars The
profile of compound 1b is similar to ()
1a in mice both praducing antinociception and mild
transient convulsions at the same dose range ¥ How
ever compound 1b produces greater antinociceptive
activity in assayz of thermal nociception without con
vulsant activity in the rhesus monkey suggesting that

© 1988 American Chemical Soclety
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Chart 1 Structures of 4 Opioid Receptor Selactive Ligands
E i “ i
S L
M R pp
h R o
Y
. N - R M W X=O
s L Ma & R byl ® X NH
e R dnl x X N
1b and relatad nonpeptidic 4 agonists may be promising reported herein, The newly synthesized were

candidetes for development as safe and effective clinical
analgesics 17 Extensive chemical madifications of this
com enabled us to further refine the basic frame-
work for the interaction of this series of compounds at
the & receptor

Most of the nonpeptidic 3 oploid ligands (such as
naltrindale and 17-{ -4 5-0-epoxy-T(H)
{1 naphthylidene)-3 14-dihydroxymorphinan (BNTX))
contain anly one basic nitrogen atom Site-directed
mutagenesis experiments and molecular madeling stud
fes have suggested that a basic nitrogen in 8 oploid
ligands is an essential structural element for receptor
recognition, although thers is conflicting evidence as to
which rceptor residus is Important for that recog
nition 1#3! Compound 1b has & carbon—nitrogen skel
eton that is very different from the well known fused
ring opiaids such as naltrindole and BNTX and thus
eny structure—ectivity relationships dependent upon
the better known fused ring oploids may not pertain to
this new structure. Herein, we report our contmuing
structure—activity relationahip studies of 1b focused an
the investigation of the role of the two basic nitrogen
atoms (N! and NY) and the influence of substituents on
N* We initially examined the affects of the trans-
dimethyl groups on the piperazine ring of 1b and found
that piparazine derivative Z lacking the ring mathyl
groups of 1b, retained reasonable & binding affinity end
p/é selectivity Furthermore we found that the des
methoxy analogue 3¢ shows a similar 8 oploid receptor
binding profile as the methaxy analogue 1b, We then
prepared a series of piperazine derivatives with various
substituents on N* (3a—e) The influence of the two
nitrogens was studied by replacement of ane of the
nitrogen stoms (N! or NY) with carbon (4a. 5a—c, 8a—
b) or oxygan (db 7a) Diarylmethyldiamines (7b—c)
were also prepared to compare the & ectivity of Ta The
synthesis and the structure—activity relationships of
these new compourdls an the oploid receptors are

tested as racemates in arder to evaluate the broad effect
of the modification. this work similar modifica
tions were published with comparable results.2-28

Chemistry
The synthetic intermediates 8—11 were prepared
according to the wmethod? or an

previously reported
siternative pathwey™ 57 (Schems 1) mare applicable to
the synthesis of thase intermediates on a largs scale
Condensation of 4. acld with
in the presence of 1 (3-di -3-ethyl
carbodiimide (EDCI) gave 4 formyl N N.diethylbenz-
amide (8) 25 The Grignard reaction of aldehyde 8 with
(3-methoxyphenyllmagnesium bromide provided benz-
alcnhal 8b.2% Oxidation of the aleohol Bb with

MnQO;z gave the carrespending benzoylbenzemide 11 25
while treatment of Ob with concentratad hydrachlaric
acid generated the correspanding chioride 8b* in quan
tihative yleld This newer approach®™?T of preparing
intarmediates $a and 8b offered significant advanteges
aver the previows one? in terms of fewer steps, higher
yiclds, and the easier isolation of the products.

Treatment of the benzhydryl chlaride 10aZ or 10b®
with the s te amine ylelded the correspondi
nmm-b“aMh—hn:hmlnSdmnns
! N Alkylation of 3a afforded snalogues 3c—e B35
Compound 7a was zed in two steps from ben
zhydryl alcohal 9 with chloroethanol followed by
the displacement of the chioride atom with dimethyl
amine.

g‘evml approaches different from that of Delorme et
al ¥ were examined to construct the diarylmethylpip
eridines 5% (Sehems 2) end the McMurry
coupling reaction?! of 112 with Mbenzy! 1 piperidane
gave the desired intermediate 8b* in reasanable yield
(Scheme 3) Hydrogenation of 8b with a catalytic
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Scheme 1+

amount of PA/C (10%} in acetic acid yielded & partially methylpiperidines §5a Eschweller—Clarke reaction of 5a
reduced intsrmediate 8a 3 which was further reduced afforded N'methyl analogue 5b while alkylation of Sa
with an equal smount of Pd/C (30%) to give diaryl with allyl bromide provided Aallyl dorivative Sc.
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Scheme 3*

Zhang et al

t oo

o

3k
Conditiona. () Zn, TIC1, DME, refiunc (1) Hg (80 ps) AcO
aliyl bromide. KzCO3, THF
Scheme 4*

S
’ WC\../- .

Y - Er

Conditions. () 2- bensntrizxols,
PhH reflu, i) THF rt (i) HyCO, HCOH
The modified Katritzky amine method®®®

yielded diarylmethyldiamine derivative 7h in & yield of
58%, as illustrated in Scheme 4 Eschweller—Clarke
reaction of Tb afforded analogua Tc

Results and Discussion

All compounds were tasted for inhibitien af specific
binding of FHIDAMGO (Tyr-D-Ala-Gly (Me) Phe-Gly
a)¥ o I receptors and PHIDADLE (Tyr-p-Ala-Gly Phe-
D-Leu)td to 4 receptors at rat brain membranes ss
previcusly reported.!? The affinity of these derivatives
for x receptors was determined by inhibitien of binding
of PH]US9 593™ at guinea pig brain membranes The
values for the g 4 and x receptors are listed in Table
|

All compounds displayed low effinity at # and x
receptors thus the mast 4 selective compounds are tha
ligends with the greatest 8 affinity The simple dide
methylpiperazine derivetive 2 had about one-seventh
of the & receptor affinity (& Ai = 27 nM) of its frans-
dimethy] relative 1b The affinity of 2 indicates that
trans-dimethyl groups on the plperazine ring are not
critical for recognidon st the 8 receptor a finding

H Pd/C (10%) Q1) H; (80 pal} AcOH. PAC (30%) (v} H/CO HCOH (v)

consistent with that of Morphy 22 Furthermere in
accord with our findings that the aromatic methoxyl
group of 1b is not essentiel {its demethaxylated relative
1c had very high affinity for the 4 receptor) replacement
of the sromatic of 2 with a proten in 3¢
increased 4 effinity (K; = 10 5 nM) Thus the influence
of the N4 substitution was investigated using this
carbon—nitrogen skelaton. It was shown that
replacement of the Nallyl group with an slkyl molety
{3bd) somewhat reduced affinity at the d receptor
However the Nhbenryl derivative 3a had very high
affinity for the 8 receptor (K, = 1.5 nM) more than twice
the affinity of 1b, in accord with the binding data of
Delorms et al (12 nM) ¥ It would appear that an
electron rich substituent on N¢ laads to increased 4
receptor affinity
The high affinity of 3e for the 4 receptor in this series
is in marked contrast to the chaerved decrease in effinity
that is obtained when an AMbenzyl group is introduced
in naltrindole-lke maleculas. Thus, S3e 2 highly §-salec
tive ligand (/8 = >4500, Tabla 1} was found to have
>70 dmes higher affinity at the d receptor than M
benzyl-substituted axymorphindole, 17 benzylnoraxy
marphindale ¥ The differences in the 3 receptor affinity
betwean Naubstituted naltrindole-like molecules and
compounds similar tv 1b could be ascribed to the
distinctively different thres-dimensional spatiel arlenta
tion of the r electrons on the ni atam
which have bean found in these compounds
Piperidine analogue 4a and morpholine analogue 4b
shawed little or no affinity for the three oplold receptor
subtypes. In contrast, analogues 5a and 5c
exhibited modarate binding affinity et tha ¢ receptor
This cbserved atructure—activity relationship suggests
that the basi¢ nitrogen N Is an important structural
element in the interaction of this series of compounds
at the 4 receptor whereas the N! nitrogen could be
madified while retaining reasonable interaction with the
4 receptor It should noted that ligands 5a and 5S¢
ame -substituted aromatic ring, whereas
4a and 4b do not, however the SAR above suggest that
this eromatic substituent would not affect affinity to the
extent observed The poar affinity of 5b Is consistent
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Table 1 Binding AMinities of Disrylmethyipiparasines and Diarylmathyiplperidines for 4 3, and x Recaptors

X (nM & SEM)

compd R X mp(Q formule® A binding* 4 binding* binding® ﬁ;&t 1o
1  rens2SSRdimathyl-Nallyl-1-pipemsiny] ¥M0E:I170 41018 11700 + 830 990
lf  owns2SSR-dimetiyl-Nallyl-1-plparaxingd H 3000 (1840* 054005 3000 (19000 >3400
z MNallyl 1-plperasinyl OCH, 125-127 10000 @300> 27 & 2 10000 (B0OON*  >230
E H 188-188 CpHaND 10000 (4900} 4851 031 ND »1400
3  Nmethyl-l-piparazinyl H 182 c% 2o 10000 (3800* 432 + 3 10000 Joo0y*  >130
t Neallyl-1-piperazioyl H 1504 cw& o 10000 M0OR* 105404 ND »800
3d  Npropl-l-pipemsinyl H 170-173 c.cm.o- 10000 (5000} 442+ 3.9 10000 (TOOO)M* »>150
1
3¢ Nbenmyl 1-piperasinyl H 153-153 0 10000 @80M* 1.48 £0.4 2000 (1400)% =>4500
4a  N-lplperidinyl H 125-121 10000 @SOM* 3000 (170014 10000 (T000)* >4
4b  Nmorphatinyl H  88-100 CpHaNO 10000 B80C)* 3000 (1700}* 10000 (TOOM* >4
Sa  4-piperidinyl OCH, p8 c.mul&- 10000 @300V 20 4 2 10000 BOD*  >300
56  N-mwtil-4-piperidinyl OCHy 3 % 10000 (830004 32621 10000 (RODOY  »13
Sc  Nallyl-d-piperiding otH, 13 qmﬁ 10000 EJ00S 27 & 2 10000 BOOCR* > 200
Ga  4-plperidinylidena OCH; 23-43 c.ma 10000 MION* 3 0.3 10000 @QOn)* >1200
& Nbanzy)-4-pipertdinytidens OCH, 12-93 (‘amp 10000 @M3008* 121 7050 £ 420 »300
7a  2-{(NNdimethylamingjethoxy OCH, 81 me- 10000 (930004 23830 10000 {8000) »>20

ethaminn OCH; 82-84 CuHuNDOn

2{N.N-dimethylaming) 10000 (83003% 622 & 42
24N.Ndimathylarsira)-Nenetiylethylamize OCHa 8307  ColaNOp

10000 {OOQ)* > 10
10000 @300)* 248 + 28

10000 (OO »20

-
]

Amorphous powdar %nalyses for C H. and N were within £0.4% of the theorstical valuss. Snhihitory effert to FHIDAMGO in rat
bruin membranes. ¢ affsct to PHIDADAL In rat brain membranes. “Inhibitory effect to PH]UBS.583 in guines pig brain
mambrans, Ses rafs 1 and 2 5See ref 2. Mo axact monber could be given. The highest concantration testod (nM) is given with the
maximumn bindingsaffinity (nM] tn parentheses.

Tuble 2 Agmist Activity of Selectad Compounds in tha Mouss Vs Deferens (MVD) and Guinsa Pig Jleum (GP1) Bloassay

2
O,
R
ICyo (nM & SEM)
ompd R X CPI ) MVD (4) W4 ratio
1b trans1 55 Rdimathyl-Mallyl-1-plpecazinyl OCH,3 5450 + 2050 2734048 2000
let trans-255 Rdimetiyl-Nallyl-1-plperseinyl H 2580 + 1300 105=04 813
2 MNaliyl-1-plperazinyl OCH, 20300 & 1300 33110 810
3¢ Nbenzyl-1-piperazinyl H 2850 £ 1050 257+65 382
@a 4-plperidinylidens OCHa 27700 4 500 12528
Data from ref 2

with the findings above that an N4.substituent should
be an electron rich system When the relative orienta
tion of the three rings were partially restricted by a
double bond piperidine Gu ethibited 4 fold higher
effinity at the & receptor (A; = 5 nM) than the unre
stricted piperidine Sa. Replacement of N! and N1 with
oxygen led tn an ether linkad ring-opened analogue 7Ta,
which showed decreased affinity at the & receptor As
comparison, diarylmethyldiamines Th end 7¢ also showed
a considerable loas of affinity at the 3 receptor Indicat

ing that a cyclic amine is required for recognition at the
receptor

Compounds 2 3e end 8a, which possessed good &
affinity and therefore the greatest 4 selectivity in this
series were evaluated for opioid agonist activity In the
mouse vas defoerens (MVD) and guinea pig lleum (GPI)
preparations (Table 2) ® The agonism displayed by
these ligands in the MVD was inhibited by the &
antagonist, ICY 174 864 Though the currant ligands
were less poatent 8 agonists than the parent compound
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Chart 2 Structures of 4 Oplold Receptor Salactive
Plperidines

A o .uxcém

13

1b all three ligands showed high 8 selectivity (GPT/
MVD) which is consistent with the studies in the
binding assxys

Canclusions

We have investigated » serios of l:lNdlcﬂ'tyl(u
piperazinylaryl)benzamides, N, N-disthyl{a-piperidiryl
or piperidinylidencaryl) berzamides, and related deriva
tives as novel & All of these
compounds showed low binding affinity at g and x
receptors, and several displayed high binding affinity
at the & receptor Two important structure—activity
relationships wars cbaerved from this present data. (1)
the alkyl substituent pattern on the nitrogen N4 de-
creased 8 uﬂmdewmmﬂdlnulsumm;;!dl
interaction with the 4 receptor (2) the nitrogen NY of
the piperarine is sufficlent to provide an essental
electrostytic interaction with the & receptr N! is
relatively unnecessary for binding to the 4 receptor

Recently it has been reported that a series of NV
disthyl(a-piperidinylidenearyl}benzamides 13 {Chart 2)
structurelly related snalogues of @a—b, display 4
selective agonism though the blological activites of
these new compounds were not disclosed. ™ Thus the
N N-diethyl(o-piperidinylidene-3 methaxybenzyl)benz-
amides 8a—b could be used as a valuable template for
the development of new nonpeptidic ligands for the 3
receptor

Experimental Section.

Chemistry Melting points were determined on & MEL
TEMP Il eapillary melting paint epparatus amd are uncor-
rected Proton nudlesr magnetic resonance ({H NMR) spectra
and carbon niclear magnetic resonance (C NMR) were
reconded In CDCl; (unless stherwise noted) with tetrameth
ylsliane (TMS) as the internal standard on a Varian Gemint
300 spectrometer Mass (MS) were recarded an a VG
TO0T0E spectrometer or 2 Finnigan 4600 in the
chemical lonization mode (MS, CI—-NHy) layer chroma
tography (TLC) was performed an Analtech silicn gel GHLF
0 25 mm plates, Flash calumn hy wes
with Fluks silica gel 60 (mesh 220- lemental analyaes
were perfurmed by Atantic Microlabs. Inc. Nercroms, GA and
the results were within 30 4% of the thearetical values unhess
otherwise indicated Unless indicuted otherwise
mnh;:umw;dm:tﬂ purified bb;’tlahlhuﬂu
sta procedures rochlorides the dropwise
additien of 1.0 M HCVELO solution to 8 solution of the amine
inacetone untl the resulting mixture wes acidic to molst pH
paper {b) maleates and oxalates. by the dropwise addition of
a maolar equivalent solution of malelc acld or oxalic add in
mhyd:u;nBuOmlnhtbnd'ﬂnnﬂmlnlbulun
methano

4 Farmyl-N.N-diethylhenzamida (8) # 1 {3-Dimethyl-
nmlmpmpyl)-&-edlﬁ:gdlm& hydrochlaride (30.0 g 157

Zhang et al

T formyloeratic acid (3138 g 143 ratoa) ciachylamire (10 41
4 138 g, 142 mmo ine
gwmm and triethylamine (20 mL} in 350 ml of
CHCl; The mixture was stirred at 0 C for 30 min
and warmed to the roomn temperature under Ar After 4 h. the
reartion was hed by the addition of 200 mL of saturated
aqueows NaH The were separated and the aqueous
layer was extracted with CHxCl; (2 > 100 mL) The combined
arganics were washed succesaively with water agueous hy
drochloric acid (5%) water und brine then dried over Na-
S0, and concentrated The product 8 (272 g 93%) was
purified by high vacuum distillation bp 113-116 “CA 3
mmly‘ NMR& 112 {bs. 3H CHy 1 27 (bs, 3H CHy) 3.22
(bd /=5 B4 Hz,ZH NCHy) 3.57 (bd J=884 Hz. 2H NCH)
153(d J=814Ha 2H) 783(d J=B03Hz. 2H) 1005 (s
1H CHO} BC NMR & 102 (CHO) MS (CI-NHj) mix 208
(MH")
banz.

wmmm
amida {8b) *** A salution of 3-(methoxyphenyl)magnesium
bmﬂdewumndhy-ﬂrﬂ#bmmﬂnh(uzz’.w
mmal) tn 120 ml. of F with 1 8 g of magnesium
nernings and refluxing for 1 h The sohnion was
tooled and the clear supernate was tra into a 500 ml.
ronund-bottom Aask equipped with a mechanical stirrer and
reflux condenser via 4 double-end needle under an

of Ar A solution of § (8.15 g, 30 mmol) in 25 ml. of

THF was mdded to the Grignard solution via syringe The
resulting mixture was stirred for 1 h and the
mmmbyﬂndduhnﬁlm;&:'ﬂmﬂ
aqueos NHy were separsied urous
hﬁrmﬂnﬂduﬂmﬂﬂx 100 mL) Thac:l:baned
arganics were dried over Mg50, and concentrated The crude
product was crystallised from EtOAchexane ta A58 g
{01%) of 5b as white cryatals. mp 80815 C (liL?mp 89-90
CQ 'HNMR 41 10-1.25 (m ufzcu.) 237(d J=38Hx
1H OH) 324 (bs. 2H NCHy) 3.51 {bs. 2H NCHy) 378 (s
3H OCH,) 582 (d J=3.26Hz 1H CH) 8.80-6.84 (m 1H)
0.93-6.85 (m, 2H) 7 23-T 42 (m 5H)

[ =, B -N.N-diathylbsenzamide (11) 228
R A (0
CHyCl; was added scrivated manganese (TV) oxide (148 g 5
equlv) The resul mlnunwuhuud-trdlu:hr%h
under Ar and then Celite The filtrate was
concentrated to give 10.5 g (100%) of 11 as a white salid
88-805 "C (v mp 88—-86*C) 'H NMR ¢ 1 13—1 28 {bd. 6H)
326 (bs. 2H NCHy) 358 (bs, 2H NCHy 387 (s 3H OCH3y)
1%5;:!};;5“ 840Hz, 1H) T27-750(m. 5H) 784 (d J

teosaelde (5% A e o 100 36 413

{0.65 g. 5 15 mmal) and K;CO; {1 T0 g, 12.39
mmal) in 20 mL of ncetonitrile was heated to reflux
overnight under Ar The reacdon mixture was poured into s
mixture of EtOAc ard water The organic lnyer was washed
with water saturated squeocus solution of sodium carbonate

twice and brine dried over NasSO, and ina
mul z|.u||.zt;i ve 2 os a colariess o1l (113 g H NMR 3
12—-1

6H) 230-255 (s, 8H) 288 {d J= 651 He
2H) 3.21 (ba. 2H) 350

r
.
o
e
:
3
2

(CI-NHy) nde 422 (MH*) Compound Euxalate mp 125-127
C Anal {CoasHlaasO0xCeH:OJC H N
4-(1 Plperaxinyl =N N-diathylbenzamide (3a) ¥
A mixture of llll:?l;:;rlnls mmaol} p‘:’lperum {158g 183
Tmmol) and anhydrous acetonitrile
{100 ml) was treated in a manner similar to that described
above for the of 2 This gave 1 55 g (729%) of 3a a3
coloriess crystals. mp 109-1608 °C (1it ™ 157-188 C) 'H NMR
4110(bs 3H) 120 (. 3H) 233 (1= 4H) 288 (t. J= 5 Hz,
4H) 325(s 2H) 351 (s ZH) 423 (2 1H CHN) 7 18-732
T40(d /=@0Hx. 2H) 745{d J=80Hx, 2H) MS
—=NHy) mie 352 (MH*) Anal (CpHaN;O)C H N
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4 [(4 Methy! 1 piperazinyl) 1)-N, Ardiathylbenx-
amida {(3h) A mixture of 10at (0.51 168 mmal) N
methylpiperaxine @ 19 g 1 85 mmol) .70 g, 504
mmol) and anhydrous acetonitrile (5 mL) was treated In 3
nunluulmlhrmthltd!:ﬂbednhveh-themrnlhuf
Z This gave .54 g (889%) of 3b as a coloriess oll. 'H NMR 4
110 (ba, 3H) 120 (ha. 3H) 2.28 (s SH NCHy 2.43 (a, 8H)
324 (bs 2H) 351 (m, 2H) 422 (s 1H CHN) 717-7.32 (m,
SH) 740(d /=80 Hz 2H) 745{d J= B0 He, 2H) MS
{CI-NHy) mie 388 MH?) b HCI mp 182 C
{scfen) Anal (CanN:OlHCII) (.I‘.}I;Iml:.!dl hylb

4 [(4 Allyl 1 plpara=x benxyl at enz
amide (!c)lyl“"gpn:mnnzf kml 0 &0 mmal) allyl

p toneof2 Thia 018
(819) of 3c as a coloriess ofl 'H NMR & 1 10 (bs, 120

3H) 248 (s, BH) 3.00 [0 J= 7.0 Hz, 2H) 323 (s, 2H)
351 (be, 2H) 423 {s, 1H} 5 10-5 22 (m. 3H) .us-sq'(m
1H) 710 (dd, J= 100 7.0 Hz, 1H) 724-731 (m, 4H) 740
{d J=00Hz 2H) 7 44 (4, J=00Hz 2H) MS ndecaled for

mie 442 (MH") ~camlate- mp 153—-155°C. Ansl

(C-I'hﬂ-ipfcﬂ'lﬂrg.ﬁﬂloll]c HN . ida
4-[(1-Piperidi -N.N-dlethylbanzam

Aml!l(nlnlflh;,.ﬂ mmal) marphaline (0.4 ml 4 15

1

mmal) K.co.(n.rug.!'.mﬂmn and anhydrous acetanitrile
(10 mL) was treated in & manner stmilar to that describad
sbave for the preparadon of 2 'l‘hl:qweﬂ.ﬂgﬁﬂﬂd‘hu
coloriess crystals mp 125—127 °C TH NMR 4 1 12-1 25 {m
aH) 14z-l.sltm.'m.acu.) 2.31 (bs 4H ZNCH,) 3.20 (bs
2H CONCHy 349 (m ZH CONCHy 4.24 (3, 1H CHN)
719-730(m S5H) 7-744 (m 4H) MS (CI-NH)) mis 351
IMHI‘) Anal (Cd‘ﬁloDSHMCHN. s

4-[(4-Merphali bngllm benzamide
A mixture of 10a (0.50 g, 1.66 mmol) ine 0.4 ml, 4 15
mmal) KiCOs {0.70 g 5 G4 mmol) and anhydrous acetonitrile
{10 mL) was treated in a manner similar to that deseribed
above for the preparatian of 2 This 045g (T8N of db as
colorless ls mp 84-100 *C NMR & 110-125 {m
6H) 238-238 (m. 4H 2NHy) 321 (bs 2H CONCHj) 3.52
(bs. 2H CONCHy) 369~-3 72 (m. 4H 20CH) 422 s CHN)
722-731 (m 5H) 7 407 47 (m 4H) MS (CI-NH3 nfe 353
(MH*) Anal {CaHaNOJJC H N o

4 [(1 Banzyl 4 plparidinylldene) 3 methoxybe ]
N.N-dlal benzamide ¥ Titanium (V) chlorkde (285

15 added to a8 mechanically stirred
B aine puswcder (1 B0'g) n dry dimcthoryethant (5 L] ot~ 10
“C er Ar When the tion was complete the mixture

was warmed to room temperature and then reflused for 2 h
Amixureaf 11 {1 56 g 5 mmol) and M Q.85
g 5 mmal) in 25 mL of dimethoxyethane was added to the
cooled muspension of the titanium reagent The mixture was
reflluxed for 4 h. cocled and poured into 10% squeous KC0;
(300 ml) Afier the mixture was stirred the aqueous
layer was extracted with EyO (3 x 100 The combined

Journal of Medicinal Chemistry 1099. Vol 42 No. 28 5481

ether extracts were dried over NaySO¢ and concentrated The
e rmatograRb o yiekd L3 8 [E5%) of 8 as # Teht yellow
chroma to 153 asam ye
?owh- ‘HNMRﬂl’l‘:-l?S(en 6H 2CHY 248 (m 4H)
40 {m. 4H) 327 (b CONCHa) 3 48-3.54 {m, 44, CONCH,,
NCH;Ph) 378 (s, 3H OCHy 8.65-6 T8 (m, 3H) 7 13-7.33
{m. 5SH) MS mie culed for CyHuNiOs 4882777 fund
4088.2783 &b HC1 Alizate mp 82-95 C Q™
100-110 C Anal (CyHaN Cl-05HO)C H N
4[4 !'Iﬁrldlqylldene) 3-met| benxyl]-N.N-diath
yibenxamide (8a) ¥ To a solution nf @b (0 'ma”lcs mmol) In
acetlc acid {15 ml) was ndded 70 of 109% under Ar
The mixture was subjectad to 60 Hafor 24 h The mixture
was filtared through Celite the solvent wns evaporated
The residue was partitioned between 40 ml of satumted
NaHCO; and 25 mL of CHiCl; The aquecus lmyer was
exuacted with CH;Cla (3 x 25 ml) and the combined organics
were dried over Nup50, and concentrated. The crude product
was fAlcered th & short silica colhumn, el with CHCl,.
CH;0H NHOH (1008 1) 10 give 040 g (7 cdama
!I- 'HNMR & 1.21-1.33 (m, 6H ICH.f 237-241 {m, AH)
98--3.00 (m. 4H) 3.38 (ba. 2H CONCH, 381 (ba, 2H
CONCH,) 385 (s, 3H OCHy 6.74-887 (m 3H) 7 22-7.39
{m, 5H) MC NMR & 1277 (CHa) 14.08 (CHs) 33.32 3347
CHa) 4328 (CONCHp 4844 5512 (OCH)
11163 11576 122 44 12626 120.00 120 78 135.04 135 18
137.07 143,32 14363 158.44 171 43 {CON) MS {CI-NH3

m/e378 (MH") nd 8a HCI lyophiliisare mp83—85°C
glr. ¥ mp >80 °C {dec)) Anal (CadHaN3OrHCI10 Sll,'laO) C.H

&[4 3 benzyl]-N.diethylbenz-
amide 4

To a solutien of (.87 0 mmal) in acetic
uHﬂOmUwud&dlM.dm'PdICuﬂerArThe
mixture was subjected to 60 pal of H; for 10 h The mixture
wus [itered through Celite and the solvent was evaporated
The residue was partitoned between 40 mL of saturated
NaHCO; and 40 ml of CHCl;. The aqueous layer was
extracted with CHyCl; (40 mL x 3) and the combined organics
were dried over Na;SO, and concentrated The crude product
waa filterad a shaort gilica column, e with CHCl,y.
CH;0H NH,OH (100151) to give 125 g {82%) of 5a as a
Eﬂ. THNMR 4 1 10—-1.34 (m, 8H) l.ﬂft. J= 158 Hz, 2H)
20-227 (m 2M) 2.81-271 (m 2H) 317-32! {m, 2H}
350-354 (m. 3H) 370 (5. 3H OCHy 8.72-675 {m. 1H)
682-8.80 (m, 2H) T19-730 (m 5H) MS nJe calcd for
CoulaMN:0x 3802464 found 380.24687 Ct:rarur:thGl mp
88 °C (soften) Anal (CaHuNsO2a HCIHOJC H N
/]

ut.l‘;y[gmmld-:{st) Anlllnl;’nufhm.!lg.lmml)lnl

mL of formic acid (B8%) was treated with 1.5 mL of formal
uecnss solution (37T%)} and atirred ar T0-80 *C

m-muuu column eluting with CHCly CHyOH
(100 10.1) ta give 0 34 g (86%) of 3b a3 a coloriess oll
THNMRA111-120(m SH) 156 (r, J=137Hz 2H) 1 84—
188 (m 1H) 190-200(m. 1H) 224 (0.3H NCHy 279 (d
J=107 Hx. 2H) 3.25 (ba, 2H) 3 45-3.60 (m 3H) 378 (s
3H OCHj 8.7T0-8.74 (m, 1H) 8.83—-6.80 (m 2H) 7 18-7 32
(m. 5H) MS mfe caled for CasHaN2Op: 394 2820 found
394 2837 Compound 5b HCl Ilyophilizate mp 58 C {sofien)
Anal {CysHuNsO; HC1175H0)C H N

4 [(1-Allyl-4 Inyl)-3-methoxybenxyl
ylbniilm 'ru“-’:nnuumurnmno..nmnm
10mLofa THF were added allyl bromide (0 1 mL,

115 mmal) and K;CO; (018 g 13 mmal] The resulting
mixture was stirred at room temperature under Ar Afterd h,
‘TLC analysis {CHClp:CH3OH NH,OH 80rf 1) showed that no
S5a remained The reaction sus was fllkered and the
filter cake was washed with 2. The flitrate was evapo
rated and Oltered th a short allica calumn eluting with
CHCl;.CHyOH NH,OH (100:3:0.5) The appropriate fractions
were collected and dried under high vacuum to give 0.40
(919%) of 5¢ a2 a colorlens oll 'H 0112-129 (m B

LE)
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156(. Jm14.6Hz 2H) 1688-208(m 2H) 288(d J=117
Hz. 2H) 297 {d J =80 Hs, 2H) 325 (bs, ZH CONCH,)
346-360{m 3H) 370 (s.3H OCHy 510-518(m 2H C=
CHa) 581-581 {m 1H C=CH) 670-874 {m. \H) 6.82-
680 (m 2H) 7 18-7.20 (m 5H) MS mleealcd for CryHaNOx:
4202717 lound 4202772 Ca S8cHCL mp 75 C
{soften) Anal {CpyHaNO HCIHOSH,O)C H N
m:t{&".m (Tn) mmm”ab phlt.ulln
was
20 mL of miuene and heated to solution. The salution was
transferred into acldic chloruethanal in 10 ml. of toluene and
t 1o reflux for 4 h The reaction wes cooled and treated

with 20 mL of aaturated aqueous NaHCO;. The were
separated and the aquecus layer was extracted E0 @
» 20 mL) The combined arganic were dried over MgSO, and

concentrated mﬂekl 2.11 g (99%) of 4 [(2-chlorvethory)-3
met Nedied! mide as a colariess oll 'H
NMR 2 113-1.26 (bd. 6H 2CHy 3.27 (ba, 3H NCHy 3.54
fs 3H NCHj) 367-377 (m. 4H) 1.80 (. 3H OCHy 3 41
(s. 1H OCH) 881-6.84 (m. 1H) 6.51-6.94 (m. 2H} T 23—
729 {m. 1H) 7 32-741 {m, 4H) MS (C1-NH,) n/x378 (MH
‘This material was used In the next step.

To a 2D M solution of dimet {8 mL, 12 mmal) In
THF were added the chloride from above {0.75 g. 2 mmol) K-
CO, (0.276 g, 2 mmal) and KI (0.332 g. 2 mumnl) The
mixture was stirred in a sealed tube at 50—-85 C
o satmrated sucous NaH Oy wd Exy 28 L) The scssemis

saturared [
hwmmmmmaxmm lmﬂlembhudw

were dried over NaySO, and concentrated. The cude
E?mmﬂhuedhwﬂ-dmdﬂnuhmelmﬂm

ClxCHOH NH,OH (100:3 1) ugldﬂiﬂ.ﬂm of Ta
as colorlens ofl. TH NMR 4 1 11-1 22 (bd, 6H) 227 &, 8H)
280 (t J=58Hz 2H) 325-3.50(m 4H) 3.78 (s. 3 OCHjy
535 {s. 1H, OCH) 6.78—-6.82 {m, 1H) 6B81-08.83 (m, 2H)
7T 21-7.30 {m, 5H) MS (CI—NHg3) m/x385 (MH")} The free base
was converted to the oxslate yaht (Ja-oxmlate) mp 51 °C
{soften) Anal (CasHaN:OyrCH,0JC H N

4 [(2 2-Dimethylaminos mina)
NAdlethylbanzamide (Tbm murhlw:xup by
o 2 methaxyshany) "““""m.g.i“"“" n breeride was prepared by

um
stirring 3-bromoanisale (5 ml. 40 mmol) in 40 mL of
drowes THF with 1 g of e t
4 h. The imine l&uﬂ 12 was
dimetiry mine (0.83 g, 10 mmal) and 8 (2 28 g, 10 mmal)
in 30 mL of benzene with a Desn—Stark trap stiached to

i

was purified by chromn
ra; {silics CHCIpCH H.NH.OH(IOMD)ZM!?
{5 ot'!hu-glan.‘l-lN’MRdllT—l.ﬂ{bdﬁDlsg
(s 1H NH) 174 (s 8H) 244 (t, J= 597 He. 2H NCHj)
204t J=E30Hz 2H NCHy 325 (bs 2H CONCH, 3152
(bs. 2H CONCH,) 378(s 3H OCHy 478(s 1H CH) 875
fdd J=271 804 Hz. 1H) 897 @ J=6.5] Hz. 2H) 719-
731 {(m SH) 742 (d J=12.03 Hz, 2H) MS (CIMS) mic 384

{7 mnalests) mp 92-84 °C Anal [CyyHyN:DWWC H N

4 [(2 I-DIm:mhu-lﬂl:lﬂn )-3-math
oxybenxyl] thylbenzumide (7c) A sclution of Th
{0.4 g. 1 mmal) in 1 mL of formic acid was treated with

E“;IE:I:CH'OHNH.OH (1004 1) to give 0 25 g (81%) of Tc as
agnss 'HNMR& 1 11-1.25 (bd 218 (s 6H 2NCHY

Zhang et al

217 (. 34 NCHy 244-248 {m 4H 2NCHy 325 (bs 2H
CONCH,) 351 (bs 2H CONCHp 378 ¢ 3H OCHy 435
(s 1H NCH) 673-675 (m, 1H) 6.87-6.98 (m 2H) 719 {:
J=78Hzs 1H) 7280 J=108Hz.2H) 744 (d J=T78Hz,
2H) MS (CI-NHjy) m/e 388 (MH") &lxnrﬂ'h: HCl lyo-
ﬂmlﬂuu mp 85-87 °C Anal {CaHasNsO; 2HCI 1.5H0) C

Blo Aasays. Radicligand Binding Assays for »
d.and re. g Binding sttes were labeled uaing PHI
DAMGO 2 nM) and rut brain membranes as previously
described™ with several modifications. Rat membranes were
prepared dally wings thawed frozen rat brain which
was palytroned In 10 mL/brain of fce-cold 10 mM Tris-HC1
pH 7.0 Membrenes were then centrifuged twice each at
30000y for 10 min ARer the serond cen the
membranes were resuspercded In 50 mM Tris HCI pH 7 4 (50
ml/bcain) at 25 C. Incubations proceeded for 2 hat 25 °C In
50 oM Tris HCL, pH 74 along with s protesse inhibitor
encktall (PIC) The nerwpeeific binding was determined usl
20 uM 4-Binding altes were labeled using [*H
DADLE (2 nM) and rat brain membmnes as previously
described™ with several modifications Rat membranes were
prepared daily as with the g binding sites above except that
incubstions for 2 h at 25 *C in 50 mM Tris-HCI
pH 7 4 coniaining 100 mM choline chloride 3 mM MnCly, and
100 mM DAMGO tn block binding t x altes, and PIC
Nanspecific binding was determined 20 4M leval n
s1~Binding sites were labeled using {*H|U88 583 (2 as

degeribed™ with severat modificatinns. Guinea pig
brain membranes were prepared daily us) rt thawed
guinea pig brain which was Inni'upinlfb-lrlzhdke
oold 10 Tria-HCL pH 70 Membranes weve then centrl
fuged twice each at for 10 min. After the second
amtrifugation the membranes were In 50 mM
Tris-HCI pH 74 (75 mLMwain) at 25 ‘C Incubations pro-
ceeded for 2 hat 25 *C in 50 mM Tris-HC) pH 7 4 containing
PIC and 1 pg/ml. of captopril Nonsperific binding was
determined using 1 sM 1189593, Each [H] lgand was
diaplaced by 10 concentrations of test drug. two times. All drug
dilutions were dane in 10 mM Tris HCI pH 7 4 comtelning 1
mg/mL bovine serum albumin. All washes were done with tee-
cald 10 mM Tris-HCI pH 74 The ICx and factor (N
were cbtained by the progrem MLAB-PC (Civilized
Software Bethesda K values were calculated according
to the equation K = TCe/(1 + [L]/KQD

GP1 and MVD Bloassaysn® Elecirically induced smooth
muscle contraction of mouse vas deferens and strips of guines

ig eum tudinel muscle myenteric plexis were used

came p;&mwwgmmh
Hartley welgh! - tissues were
tledtnpﬂ’ch_ﬁnwlﬂuu:e-dlk. . in 20 ml. batha
containing 37 “C oxygenated (95% Oz 5% COjy) Krebs bicar-
benate sohnion (magnesium free for the MVD) and allowed
o equilibrate for 15 min. The tiasues were then stretched o
an optimal determined tobe 1 g tension (0 §
g fox MVD} to equilibrate for 15 min. The tissues
were stimuiated transmurally between platinum wire clec
trodes at 0.1 Hx. O 4 ms pulses 2 ms pulses for MVD) and
supramaximal voltage Drugs were added to the baths In 14~
60 mM wolumes. The agonists remained in contact with the
thsue until maximum inhibitlon was reached before the
addition of the next cumulative dose Percent Inhibition was
calculated by uaing the average contraction helght for 1 min
preceding the addition of the agonist divided by the contractian
height at maximal inhibitlon after expasure to the dose of
agonist [Cy estimates and thelr associated standard errors
were determined by wing a computerived nonlinear least
squares method ® Sensitivity to the antagonist ICI 174.864
was tested by sdding a 1 #M concentration of the antagnnist
to the tissue bath at the completion of the agonist dose—~

curve Partial or complete restoratian of cantraction
helght on addition of the antagonist was used as an Indicstar
f_’:h.e“lpmticm-nhoﬁuptuhtlnuuoﬂm
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N,N-Diethyl 4 (phenylpiperidin-4-ylidenemethyl)benzamide A Novel
Exceptionally Selective Potent § Opiloid Receptor Agonist with Oral

Bloavallability and Its Analogues
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The design
agonists N, 4-(phenylpiperidin-4
are described Thesa com formally
with a piperidine ring cantaining an

bind with hlﬂ-ﬂlnll:y and exhibit excellent aalocl:lvil.Y for the 4 oplioid
t structure in the class, exhibited an

8a. the simp
and extremely high selectivity over the x

receptors
8590) Rat liver microsome studies on a selected number of compounds

thesis, and pharmacological evaluation of a novel class of 4 oplold

thyl)benzamide (6a) and its analogues.

dertved from SNC-80 (2) by replacing the piperazine

ic carbon carbon double bond were found to
receptor as full agonists.
= ( 87 nM for the 4 opioid receptors
(w/d = 4370) and the x receptors (x/d =
show these olefinic

piperidine compounds (8) to be cansiderahly more stable than SNC-80 This novel series of
appear to interact with d oploid receptors in a similar way to SNC-80 since they

these based on dehydration

Introduction

Studies have indiceted the existence of three main
opioid recaptor subtypes z 4 and » that all appear to
be present in both the central and peripheral nervous
systerns of many specles including humans.~3 Agonists
of nll three receptor subtypes have been shown to
produce analgesinf Recently increasing evidenceS—10
has accumulated to suppart the that a
selective 4 oplold agonist will be an effective analgssic
devoid of the side-effect liability associated with u opleid
agonists such as morphine (e.g. respiratory depression

Hability and inhibition of gastrointestinal
motility) or the clinically limiting alde effects from x
opioid agonists such ss CI1877 (e.g. dyspharia, diuresis,
end locomotor impeirment) This has provided the
impetus for the development of selective nonpeptide 8
aploid egonists. Two major advances in the area of
4 -selective agnnists were tha discoveries of diarylpiper-
azine derivative (+) BW373UB8 (1)!! and morphinan
derivative () TAN-67 {3) (Figure 1) 12 Both compounds
exhibit a high affinity for the ¢ oploid receptor with
moderats selectivity with respect to the u uphldmug
tor An analogue of (+) BW373UBB, SNC-80 (2)!?
demonstrated an improved selectivity while reteining
potent & receptor agonist activity

To whom should by adedressed. Tel. 514-832-3200
ent 2402 Fax S'It'l- -3232. E-mail. johnweiffestrazeneca.con

# Presey addreas Mﬁhﬁlg.ln:. 7210 Pradevick-Banting, Saint-
Laurent Quabec, Canads 2A1

! Present addrass. F Hoffmann-La Roche Lid Pharmaceuticals
Division. PRBC Bidg 015/201. CH-4070 Basel Switzariand

demmm;mﬂuﬂkmmt;pmﬂuhlwbmmhlhhdmmsymhuhd
benzlydryl alcohals (7) and Suzuki coupling reactions
of vinyl bromide (8) and are herewith reported

LA
Z

[+ §
1 BaE, (+)-BWITICEH
1 Ruble, SFC
Plgure 1 Structures of compounds 1-3

oo

F>TANST

Due to the presence of three asymmetric carbon
atoms, (+)-4 [([@R)-a-((25.5R-4-allyl 2 5-dimethyl 1-pip-
erezinyl)-3-methoxybenzyl] N N-disthythenzamide (SNC-

80 2) has seven posafble stereoisomers which should
exhibit different pharmacological rmﬂlﬂ As described
in the first paper in the series ! wa aimed to find a
simple substructurs of SNC 80 that retains 3 receptor
and improves the selectivity of 8
p or £ Initial SAR stuxies!® around SNC 80 indicated
that the 4 N.N.diethylaminocarbonyl group is a key
structursl feature, but neither the methaxy group the
aliyl group, nor the two groups on the piperazine
were essential for high effinity at the 4 opioid receptor
or for selectivity over the u or « oploid receptors.
Compared to SNC 80 compound 4 displayed a limfited
decreass in & binding affinity but improved selectivity
These cbservations are comsistent with recent reports
by Calderon et al !*-1* snd Cottney ot al '* Further
studies also indicated thet nitrogen N of the piperazina
was not involved in binding to the & opioid receptor For

10 1021Am000228p CCC $1600 © 2000 American Chemical Soclety
b o Published on Web 08/18/2000
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»%mvl%g

£XaN & RaR

R Xl
Flgure £ Structures of compounds 4, 5, and 8a.

example piperidine derivative 5 (ICso = 8 8 nM) exhib-
ited an almost identical 3 binding affinity to compound
4 (ICs0 = 11 3 nM} (Figure 2)

Introduction of conformational constraints in biologl
cally active compounds is a well-established approach
for enhancing receptor binding affinity and selectivity
On the basis of the above assumptian, incorporation of
en excyclic carbon—earbon double bond into the piper-
idine ring of 5 became the most logical modification®™
on SNC-80 The resulting compound 8a, has displayed
a 8-fold increass in binding affinity for the 8 receptor
(ICx = 0.87 nM) and extremely high salactivity over
the u receptor (/8 = 4370) and the x receptor (</é =
8580) In this papsr we investigate the 4 receptor
binding effects of the substHtution pattern an the
aromatic ring of 8a and the effect of Nsubstitution of
the piperidine All compounds were sxamined for their
affinity for all three human opioid receptor subtypes
and their 4 agonist activity was determined using tha

GTP[y-*S] binding assay

Chemistry

Diaryimethylenepiperidines have been well known as
antihistamine drugs in the treatment of allergic dis
eases. The synthesis of these compounds has been
achleved by several approaches such as Wi Horner
reaction?? and McMurry coupling reaction In oul.'
opinion however more efficlent
quludtnpnparunmpmmds'wlthmﬂlﬂedmﬂc
groups (Figure 3) Thus novel approaches have been
explored including the based on the Su
zuki coupling reaction of compound 8 with different
arylboronic ackis and the procedure based on delrydra
tion of compounds 7 which were easily prepared by
reacting a 4 benzoylpiperidine with an aryllithium or
an arylmagnesium halide.

Synthesis of compounds Sa—8¢ is described in Scheme
1 Thus 4 benzoylpiperidine hydrochloride (8a) was
transfarmed to its N Boc derivative 10a in 98% yleld
under bastc conditions 4 Iodo-/NV N-diethylbenzamide®
wnas subjected to metnl—~halogen axchangs with ¢ BuLi

bl 2

Flgure 3. Reartions to prepare campound 8.

L 1
papm
P
L)
paR

|

Reagents. (a) BocyO- (b) 4-lodo-N Nediethylhenmamide/Bull,
-78°C, &) TFA.

in THF at ~78 C fhllowed by the addition of 10a to
furnish compound 7Ta in 84% yleld Subsequent dshy
dration of the banxhydryl alcohol 7a was performed in
methylana chloride in the presence of triflunroacetic acld
to provide compound 8a in 919% ylelkd. Similarly com
pounds b end 8c were prepared from commerdlally
svailable 4 benzoylplperidines Bb and Bc.

A more efficient strategy based on the
npp'nll:h would react 10d with a number of different

jum halides or aryllithiuma. Thus as shown
lnSchuma 2 4 (4 N N.diethylaminocerbonyl)benzayl
piperidine was prepared from ethyl Isonipecomate (11)
in 28% yleld by a three-step procedure Banzhydryl
alcohols 7d—7g were then obtained from reacting 10d
with a variety of aryllithium reagents Dehydration
under the same conditions as for 8a providad the destred
compounds 8d4—-8g.

The synthetic approach based on Surxuki coupling
reaction ia shown in Scheme 3 The key intermedinte 8
wasprepandlnﬂwnmplfmmmpnund 13. Thus,
methyl 4 (bromomethyl)benzoate was refluxed for S h
in trimethyl phosphite t pravide compound 14 in
quantitative yleld. Wittig—Horner clefination of N-tert

4 piperidone with compound 14 wes

in the presence of LDA. Addition of bromine

to a soludon of 15 in dichloromethane afforded com
poupd 18 in 78% yleld which was then treated with
aqueous NaOH in methanol et 40 C to provids com
pound 17 N AcDisthylbenzamide (8) was then prepared
in 73% yield from 17 by the mixed anhydride approach.
The Suzuki coupling reaction of vinyl bromide B with a
variery of arylboronic acids was performed In the
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Scheme 3*

oo T
=%
KR

mtﬂmtﬂﬂlﬂ}l (!)(COCIHBIN EtgNH () Ar-
=(01'|)| Pd{(PPhae NayCOs. (g} 4 N HO

presance of tetrakis(triphenyiphosphine)palisdium (0)
using 2 M NezCO5 85 base. Subsequent clsavage of the
Boc group was achieved with 4 N HCl in dicans
providing the final compounds 8h—68q

Compounds 18a-18g representing different Alsub-
stituted analogues of 8a were prepared as described in
Scheme 4 Compourds 18a—18e were obtained by
treatment of 8a with the corresponding alkyl halides
in the presence of potassium carbonate in acetonitrile
at room temperature. The derivative 10f
was provided by reductive amination from 8a and

Journal of Mudicing] Chemistry 2000. Vol 43. No. 21 3897

Scheme 4°
EpN
abar
N
B ]

Reagenis. (x) R-X KiCOy () RIR'C~0 Nl.Bl-u.cr(dPh-
Br Pd(dba);. BINAP NeO-»Bu

cyclohexansne Finally the N-phenyl analogus 18g was
obtained by palladium catalyzed Marylation™ of 8a.

Results and Discussion

In Vitro Pharmacology The binding affinities
(ICs) of all compounds were determined using cloned
human 4 4 and x opiold receptors and the
potency (ECy) was measured with the GTP[y 35]
binding assay

'I‘heoplnureceplnrblndlngnﬁrﬂty selectivity and
agunist potency of the target compounds 8 are listed in
Table 1 and those of SNC 80 derylmethylpiperazina
4 and 8 sre also included for
comparison. As tn SNC-80 [8 ICsp= 1 31 nM
W8 =245 v/l = 1880 (X; = 4 nM, x/4 = 990 on rat brain
membranes)'¥| compound 8f displeyed similar binding
affinity [(ICq =1 58 nM (X, =5 nM /8 > 1200 on rat
brain membranes)!®] an 4 receptors but an improved

over u and x tors (u/d = 3370 /& >
6410) Ga, a derivative of 8f without the 3-MeQ group
on the phenyl ring, even further increased selectivity
as a result of d-affinity (ICs = 0.87 nM
4/é = 3T x/d = 8500) Coruidarable variation is
posaible in the neture of the substitution on the phenyl
ring. snd this can lead to soma highly potent d agonists.
For example, compounds Ge (ECsa = 4 6 nM) and 8h
(ECs0 = 3 18 nM) exhiblited improved sgonist activities
at 4 receptnrs compared to the “parent” structure (8a,
ECsp =72 nM) The position of a substituent on the
phenyl ring is important for both binding affinity and
agimist activity Substitution at the pars-position of the
phenyl ring appeared to be detrimental (8b vs Ge 6L,
8p vs 6. 89) presumably reflecting steric constraints
in this region The 2 8-dimethylphenyl analogue 8g
exhibited & dramatically reduced 4 binding affinity as
compared (o the parent compound 8a, suggesting that
the sterie econstraines | by the two methyl groups
may alter the canfarmatien of the dimethylphenyl ring
in a manner which is deleterious to activity On the
other hand the phenyl group can be replaced by

¢ affinity and high selectivity over a4 and x receptors.

In general, this entire series of compounds displayed
extremely high affinity to & oploid receptors {(low nano-
molar to subnanomaolar renge) and very high selectivity
over u ar x aploid receptors (> 1000 in most cases) All
compounds exhibited full 4 agonism at the cloned
human & receptor as determined in GTP[y-35) binding

assay
To examine the effect on biological activity of Nealkyl
substitution on the piperidine nitrogen of 8a, N-Me,
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Table 1 Binding Afnities and Agonist Activities of Compounds 8

Wi et &l

Ar

ICw (M) selectivity rutlo _ $
F " x pl/d x/b ECulnM) E. (%)
1312017 320138 M0IIN 43 1890 3671070 100k (REF)
11323 8150473 >10000 ‘M >909 B339 105£8
i1TI£0.89 o na ofa o/ 121 %18 73
0857023 3M00£172 74701806 4310 3% 72409 1103
13024 >10000 >10000 >667 >667 ii1l4 947
417£120 3050272 $340+1710 1210 000 25541 111%2
123007 nIz7T 1660 268 664 1350 59x18 074
0741014 3570444 >10000 4820 >13300 4608 1126
156026 32901445 >10000 s »5410 137233 1097
137£154 102086 26103513 55 14 ola sh
063011 1510£161 331501648 2400 3490 3182054 110x1
2N 0 25901749 3BNx 16 1120 1680 896+2.19 104x2
08610.13 32903335 >10000 3820 >10000 10624 1101
1102032 240304 >10000 450 »5080 BA+2S w2
1041011 2990+ 547 >10000 2860 9620 139 k43 112:3
285+021 34404656 >10000 1910 >3510 30663 96
2091036 6760+926 >10000 3240 >4790 234437 98+S
457+01 59401060 >1000¢ 13 >3890 205+19 9614
204£022 544011270 >10000 %% >4900 121k34 1092
0971008 3480137 >10000 5% >10300 39+04 10421

P4
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Tabls 2. Binding Affinitiss and Agonist Activitias of 8a Analogues (19)

LN
R u»
ICxe (M) ssloctivity ratlo 3
compd R ] B Y]] x/8 ECa(uM) B (%)

a H 087+023 3800%172 7470% 606 4770 590 712209 110%3

19a Me n0+22 >10000 >2900 »310 >330 161112 U5:6

1% y 30008 33302273 12901389 1110 763 8/3x21 93

19 ] 209+0.11 10304100 982150 MM 410 141118 1063

1% ¥y~ 935k153 3390%748 614011050 | as57 423182 1084

1M Y 653£125 4130084 4A270%1120 632 654 4639 1122

191 YO 355+39 S97£164 1330%123 148 4 na n

19y YO 736k 143 »>10000 3160+ 602 >13.6 43 /s aha
Mallyl N33-dimethylallyl Mcyclopropylmethyl Ar  Tebie 3. Microgemal Incubstion Analyais®
butyl Mcyclohexyl and Arpheny] substituents were % parent remaining st
introduced (Table 2) None of these compounds bind to compd 10aM 100 M
compound 8a. compounds 18b and 18c with allyl ™ 17:T (=7} i8la=T)
substituents, which are known to be tolerated in piper Ga 85=14(n=3) Mi8(n=3)
azine series such es SNC-80 exhibited slightly da- : .,;‘__'_';(:’_ .’g*:(":a
creased affinites relative to 8a while 18a and 19 & H;lﬂn-"ﬂ ":.g.g
showed more than 30 fold decreasad 4 recepinr affind ok 0Ll(n=2 100 (n=2)
ties. The A pheny! derivative 18g almost completely Jost ] 55(n=23 WElin=27

it ability to bind to the 8 presumably because
of the decreasad basicity of the nitrogen (calculated pX,
values are § 32 for compound 18g and 8 68 for com-
pound 8a by ACD from Advanced
Development Inc Tomtnp& Canada) Mcm
sential pharmacophore point to have an electrostatic
interaction at an anionic receptor site The butyl and
cyclopropylmethyl derivatives (18d 18e) showed similar
binding affinity and identical agonist activity in the 4
receptor assay probably due to their similarity in size
Ingeneral the Nalky] compounds are alse comparably
weak ligands for 4 and r oploid recaptors with respect
o the parent campound 8a, while 10f exhibited some-
what increased g receptor affinity

In Vitro Metaholism, Selectad compounds were
examined in rat liver microsomes (Table 3) While SNC-
80 is unatable in rat liver microsomes, maat of the
compound being degraded in 1 h at both concentrations,
most olefinic analogues § were found to be significantly

more steble. Major metabolites were N-desthylated
(M — 28) whils minor metabolites included
hydraxylated derivatives (M + 18)

In agreement with the metabolic profiling data ob-
tained for SNC-80 in rat liver microsomes M4 the meth
oxy analogut 8f was less stable than other compounds
being extansively metahbolized into an O-demethylated
derivative. The olefin @a is markedly more stable, being
virtually at 100 M in sharp contrast to
SNC-80. As could be predicted by the improved meta
bolic stabllity of 8a together with the Jow molecular
weight and conformity with Lipinakis rules,® Ga has
exceptional aral bioavailability approaching 100%.

Common Binding Moda of 2 (SNC-80)
and 8a. The exsential elements of the & agonist phar
macophare (described in more detall in tha previous
paper in this series!?) are the basic nitrogen the right

)22
152
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Figure 4. 5u tions of 84 conformers of SNC-80, gener-
ared fram 'ormational search. Carbon atoms are in light
Ereen nltrogen alems in hlue and axygen atoms in red

Plgure 3 “upriposh lons of’ 4 conformers of da
from co.formationnl ssaech with the aasme color coding as in
Figure
hernut' &t svgenated in the case of SNC 80 unsubstituted
In the asc of 8a) phenyl ring and the disthylamide
carbonvl group To conmpare the pharmacophare groups
in the two molerules SNC B0 and 6a, an extanstve
conformatwnal search was performed and the cor
respondenct of rese key groups (the carbonyl carbon
atom v A rake ) to r prosent the amide p!
toredt ¢ tte o am) ki vire i he conformational search)
In Iow energy eonformers was examined (Figures 4 and
5) This comparlsan of the rwo compaounds showed that
compound 8a only partlally covers the conformational
space availabk ra SNC 80 while key ph
are closely supt rimposed In 8a and a population of SNC
80 contormers. The first interpretation of this confor
marional comparisan Is that compound §a can efficlently
bind to and acrivate the 4 opinld receptor but has
improvid selectivity compared to SNC 830 since it does
not Inrrude into ronformarional space which might be
attribu ed to recugnition of the other oplold receptor
subtypes

Figure 8 <haws a superpasition of the crystallographic
srructures of SNC 80 and compound 6a. The three
dimensionat coordinates of SNC B0 were bulit according
To its abisolute sterenchemistry '3 Tho basic nitrogen, the
rwu centrold phenyl rings and the carbon atam of the
carbonvl group were uscd for the superposition (rms =
0 38) Ir Is intcresting ro notice that while the C atoms

Wei et af

4 Su ton of th tal strue tures between
?N%?ﬂ (nrb':r:.:l:s In llg:l r::rnl nm: :I'IIFI.Irﬂ 8a
{carbon atoms in gold)

of the piperidine ring in 8a and thi piperazine ring of
SNC 80 da not averlay well in the suporpasition the
basic N atoma are disposed very clasely In space The
samc phenomenon was elsn ahserved in the ronforma
tworal search suggesring that this part of the rirg
stnicture anly serves as a spacer to to neet the basle
nirrugrn and che twe arnmearic nings co welning the
other two pharmacophore groups A reeent publication®
also experimentsily proved this chservation. The su
perpasition of the amide cerbonyl groups in the two
molecules is excellent, despite the different orlentations
of the intervening phenyl rings The ‘right hand phenyl
ring Is well overlald in the two struchures.

Conclusion

A novel clans of excopthmnally selecrive poatent & oploid
receptor ligarcis was identificd as a result of replacing
the piparazine N atom in the progenitor series of
agonists with an olefink C atom resulting in 8a, the
simplest structure in the serles which exhibited an
ICs = 0.87 nM for & oplold receptors and exceptional
selectivity over u receptors (j/d = 4370) and « receptors
(/0 = B580) This compour] and its analogues pre-
sented here have the highest sclectiviry in the human
oploid receptors assay of any comparator compounds we
have rested 14 out of the 17 compnuruis showed &
affinity less than 3 nM while 5 of these compounds had
subnanomalar affinity The majority of thrte compounds
displayed a rada of > 1000 with respece to gz or x oploid
receptors Furthermore cvaluition of a number of
compounds In rat lfver microsomos showed these com
pounds (including 8a) to be much more stable than the
parent compound SNC 80 8a was subsiquently found
to have excellent oral avallabllin®’ (F = 90—100% in
the rat)

These N Nediethyl 4 (piperidin 4 ylidenemethyl)benz-
amides arc the mast selective & oplold receptor agoniats
described so far They do nor ronrsin sny chiral centers
and can easlly be prepared by « srablished synthetic
approaches These important che mical festurcs coupled
with their excellent phurmacologleal profile and orsl
bloavailability make these compounxis Vdeal for further
Investigation and development
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Experimental Section

Synthesls. Melting points were taken in a caplllary tube
by uaing » Thomas-Hoover melting mnd are
uncorrected For the HCl salts of many final
melting poinis were not measured because they were not
crystalline due to the fractional amounts of HC] present from
combustion analyses IR apectra were determined with a
Perkin Elmer Pragon 100 FT IR spectrameter NMR spectra
were recorded on a Varian Unity Plus 400 MHzx spectromater
chemica] ahifts were recorded in parts per miltion downfield
from MesS! Elemental analyses were performed by Canadian
Microanalytical Service Lid Delta British Columbia Flash
column clroma phy weas with silicm gel 80 (70—
230 mesh) Dry was distilled from sodium benmphenone

a3%) IR
Fi-lNMll 41470, 5H) 160 (m,
280 (m 2H) 3.96 (m. 1H) 4 18 {bra, 2H)
{(m. 2H) "CNMR (CDCL) 28 3 2084 43.
1206, 1341 130.4 1548, 200.7
4{o-Hydroxy-a-{4-N-ters-bu peridinyl)-
berzyl)-N.Ndiethylbenzamida (Ta). To a salution of 4-iado-
NNd (8.67 g. 22,0 mmol) In dcy THF (T0 ml)
was fmbutyllithium (18.0 mL, 25 M 45.0 mmal) ac
=78 °C. After 10 min, 10a (4.34 g. 15.0 mmal) in THF {5 mL)
was dropwise added The reaction misture was warmed In
room tem; ure and then quenched with aqueous NHQl
solution and exiracted with ethyl acetate (2 x 100 mL) The
combined organic layera were washed with beine and deled
over Removal of salvents gave a crude product, which
g.' [11] mow 5:85) T :’L ﬂ:l)th mu-
- o a m; -
103'°C (CHik) R (KB 3420 1087 1008 ot T NMR
{CDCly) 4 1.08 {brs, 3H) 1.20 (brs, 3H) 130 (m, 4H) 141 (s
B8H) 250 (. /=112 Hz 1H) 266 {(m 2H) 2.88 (s, OH) 3.22
fors 2H) 3.50 (bra. 2H) 4.08 (brz 2H) 7 18(m 1H) 728 (m.
4H) 745 (m 4H) "C NMR (CDCly) 5 128 141 28.2 283,
301 432 443,533 792 70.4 12575 12579 1282, 1286
1281 1351 1453 1488 1548, 1710.
iperidinyl)
Method as

4-(o-Hydroxy-a-{4-N-tert-butoxyca
4 fuorabenxyl) Ibenxamide
described for Ta but with 10b (1 54 g. 5.0 mmol) led
to Th asa salid (1 14 g 47%) mpB4-88°C IR (KBx)
3421 1883 1812am~! tHNMR (CDCL) 41 13 (brs, 3H) 12
(bre. 3H) 132 (m, 4H) 144 (s, BH) 248 (m, 1H) 268 (bew,
Z2H) 3246 (hes, 2H) 354 (bre. ZH) 3.57 (s. 1H) 4 11 (brs, ZH)
698 (m 2H) 727 (d J=840 7
J= 8.0 Hz, 2H) YC NMR {CDCh) 4 12.9 140, 26.2 282,
301 432 438 443 TED TO) 1145 1147 1257 1281
1275 1276, 1350, 1412 1480 1545 1600 1825 1709

- o
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4-(o-H, {4-N-tertbutoxycarbonylpiperidinyf)
4-chlarobenxyl)-N.N-disthylhenzamlds "‘sl Method ss
described for Ta, but starting with 10c (1 82 g. 3.0 mmal) led
o Tc =3 a solid (1 38 g, 63%) mp 100-105 C [CHLClY IR
{KBr) 3411 1685 1817 em~' 'H NMR (CDCl)

1
{m2H) 720 (m 4H) 730{d J=B0Hx 2H) T44(d J=
8.0 He, 2H) '*C NMR (CDCly) & 125 138 250 281 390
430,441 78.7 780 1256 1260 1272 1278 13190 1248

ml) at roam temperature The reaction mixture was stirred
overnight and then concentrated The residue was then
dissalved in CHyCls {100 mL) washed with 1 N NaOH beine
.;mldm:l..ml rﬁr . puﬂﬂndhyﬂulfchrwnnu '.:w. qude
w was tography eluting
with MeOH-CHyCl; (20:80) to provide 8a (832 mg. 819 'H
NMR (CDCly) 4 1.08 {bes 3H) 117 {(brs 3H) 220 (m 4H)
{bors 2H) 3.47 (bes, 2H) 709
{m 4H) “C NMR (CDCR) 4 12 8,
470 1200 1284 1279, 1288,
1349, 1354 1358 1417 1432 171 1 HCl milc 110~

4
141 327 328 391 432

120 °C {CHLlY IR (KBr) 3440, 1817 Anal 0
ZIHCBCHN

<i-yl idanaxnetir
yDbanzamide (b) Method as described for 8a, but

with 7b led to 6b in quantitacive yield 'H NMR (CDCl3
24 brm. 3 H CHACHy) 2.52 (m

1H NH) 281 {m 4 H
piperidine CH) 3.27 (brm 2 H CF4N) 352 (brm 2 H
HArK) 700(m 2H Ark) T11 (d J=

HArH) T25(d J=80H 2H ArH) 7.30(d J=80H:

2H ArAH) HClsalr mp 115-120 C (CHCly) IR (KBe) 3337
1818 cm™ Anal (CaaHiyCIN2O 16HCDC H N

N-tert-Bu -methyl-N-mathoxylsonipe-

as described for 10a but starting with

ki ey g7 07 - NME GDCE)

Jeon|

0125( J=72Ha 3H) 145 (s, 8H) l.&(m 2H) 187 {m

43 (m, 1H) 284 (m. 2H) 42 (m 2H) 413 (q J=T7 2

2H) ':CNMR(CDCI;IOMO 278 282 409

sbave and NHMe{DMe) HQ
{4.30 g. 45 0 mmol) In dry THF was added FPrMgCl (2.0M In
THF 435 mL, 90 mmol) at —20 *°C The resulting solution was
stirved for 1 h at —5°C then quenched with aqueous NH,CI
solution and extracted with ethyl acetate (2 = 100 mL) The
combined organic layers were washed with brine and dried
aver Removal of solvents gave 12 (80 g 88%) 'H
NMR 0130(s. OH) 154 {m 4H) 2865 (m 3H) 3.02
(s. 3H) 3.58 (. 3H) 390 (bra, 2H) “C NMR (CDCl)) 4 277
281 320,378 431 613 791 1544 1780

4 (4 -N .N-Disthylaminocarbonylbanzayl) N oert hu
dlgﬂlylbnnmrhl 009 ng.llim To.ﬂw;.ﬂ :LOA;

mmal) and 9%

m-nmdrympmg'umm are bucyllithiun (35 0
mL, 17 M, 800 mmol) at —78 *C After M min 12 8.0 8
28 4 mmo]) In THF (10 mL) was dropwise added. The reaction
mixture was wvarmed (o roam Lemperature then quenched
with squenis NH(Cl solutian, acidified with hydrochloric scid
(concenirated, 20 mL) m 0 °C and extracied with ethyl acetate
(2 x 100 mL) The combined arganic layers were washed with

#
:
:
E
%
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brine and dried over Mg50;. Removal of salvents gave 2 erude
product which was purified by flash chromatography ehuting
with MeOH-CH;Cl; {2.88) to provide 10d (3 15 g, 28%) 'H
NMR (CDCly) 4 1.08 (brs, 3H) 1.23 (brs. 3H) 143{9.8H) 161
{m 2H) 180 (m 2H) 289 (m, 2H) 320 (brs, 2H) 340 (m
1H) 358 (brs, 2H) 411 (bes 2H) 744 {d J= 8.0 Hz, 2H)
784 (d J=80Hz, 2H)
4-(a-Hydroxy-e-{4-N-tertbulaxycarbonylipl

c-(1-naphthy)methyl)-M N diethylbenzamide (Td) Toa
solution of 1-bromonaphthalene (0.52g 2 5 mmal) in dry THF
(10 mL) was added n-butyllithtum (1 1 mL 2 5 M, 2 75 mmol)
at =78 C After 30 min, 10d (776 mg 2.0 mmal) in THF (2
mL) was dropwise added The reaction mixture was warmed
to room temperature quenched with aquecius NHCl solution
and extracted with ethyl scetate 2 x 50 ml) The combined
arganic lnyers were waahed with brine and dried over MgS50,
Removal of salvents geve a crude product. which was puri-
fied by flash chromstography eluting with MeOH~-CHyCl; (0.5
99 5 — 5 85) to provide Td (760 mg. 74%) mp 121124 °C
{CHCl)) IR (KBr) 3402 1885 1836 em=! 'H NMR {CDCly) o
103 (brs, 3H) 1 16 (bors 3H) 1 18-1 35 (m 3H) 1 95 (m, 1H)
2 60 {m. 2H) 2.75 (bra. 2H) 3 15 (brs, 2H) 3.42 (bre, 2H) 4.10
{brs, 2H) 7 10-750 (m TH) 7 75 (m, 3H) B.27 {bre. 1H) ¥C
NMR ([CDClj 4 128 141 271 272 204 30.2 433, 454
76.3.80.4 124.1 124.0 1252, 1253 128.0, 1273, 1288 129.2,
131.4 1350, 1352, 1304 1485, 154.8. 171.0. Amal, (CaHigNiOy
05HICHN

as for Td using 3-bromosnisole provided 7¢ (228 mg, 23%)* mp
95—103 C(CH,Cl)) TR (NaCl) 3422 1884 llM:n‘" H NMR
(CDCl) 2107 (or 3H CHCHaN) 118 {(br 3H CHCHN
) 131 (m 4H piperidine CH) 141 (s BH CHC) 248 (m.
1H piperidine CH) 2684 (br 2H ine CFE) 322 (br
H } 348 (br 2H ) 365, 1H OH
T2{s.3H OCH3 408 (br 2H CH) 6.68 (m, 1
AcH) 701 (d J=78Hx 1 H AcH) T08 &, 1 H ArH)
17{d Jw80HMHx, 1 H ArF) T21 {d J=B0GMHx, 2H AcH)
-I:.(d J=80Hz.2H ArF) Aml (CsHaN:0s-0.8H:0) C

247 (s, 1H) 275 {m. 3H) 323 fors 2H) 3.51 (bes, 2H) 413
M:’H)Joslllm 2H) 700(m 1H) 726(d J=8 4 Hx, 2H)
730 =

4 Hz, 2H) "C NMR (CDCla) ¢ 12 8, 14.0,250
1429 431 444 533,791 830 1258, 128.3,
1272 1312 1353 1367 1429 1478 1545, 170.7 Anal
{CoHNOOEH,0) C H N
N.MDisthyl-4-(1-naphthylpiperidin-4-ylidenemethyl)
benzamide (§d) Method a3 described for 8a, but starting
wlth?d(:l?ng.lﬂmﬂhduldﬂlamﬁ'nﬂ mp 80—
85 C (CHClg IR (KBr) 1628 cm™' 'H NMR (CDCly) & 1.08
{bra 3H) 116 (brs 3H) 2.00 (m 2H) 2.53 ({m, 2H) 2.54 (brs.
NH) 277 (m 2H) 2 97 (m. 2H) 3.20 (bra 2H) 3 47 (brs,2H)
720(m 5H) 743{m.3H) 774 (m 2H) 80 (m, 1H) BCNMR
(CDCl3 3128 141 328 335 391 432 479 482 1255
1257 1253 1261 1271 1272 1291 1319 1323 133D

1351 1388 1398 1428 171 1 Anal {CnHaMN;0-0 4HCL €
HN

Wel ot &l

NNDiethyl-+-{3-livoropbenylpiperidin-4-ylidenameath-
yObeazamide (6c) Method as described for 8a but starti
with Ta (242 0.5 mmol) led to 8a (159 B79) 'HAM
{CDCly) 4 1 08 3H CHCHaM) 118 3 H CHCH;
N)20s(s 1H NH) 225(m 4H ridine CH) 2 84 (br
4H ine CH) 323 {br 2H N) 347 (br 2H
Cl J&TA(m 1 H ArH) 688 {m. 2 H ArAH) 708 {d
JuBOHLZH.ArH) T18(m 1H ArH) T24{d J=80Hx
2H Ark) RCl sl & 70 °C dec IR {(NaCD 1805 an™!
Anal (CpHpFNO-2ZHCHC H M

NN-Dlethyl-4- 1 din 4-ylld
ethy (S-n(l::).lnmhuzpipu-l n 4-ylidene-

methy(lberxamida for 6a but
atarting with 7 (199 0 4 mmal) led 1o 87 (148 mg, 96%)
Anal. (GacHuNiOr L BHED € H N

NNDiethyl piperidin-4-ylidene-
masthy)benzamide {8 §) Method as described for 8a but
[ with Tg (485 lﬂmmllhdm!tnﬂn 80%)
H (Cl 4110 3H) 121 (brs. 3 Zﬂnﬂﬂ

221 (s 6H) 284 (m, 2H) 300 (m 2H) 3.20 (brs. 1H) 3.25
(brs, 2H) 3 46 {ors, 2H) 694 (m, 1H) 7.00 (m 2H) 704 (d,
J=0.0Hz 2H) 7168(d /=8.0Hz 2H) HC salt. dec 2115
cC l(::l;l‘acw IR {KBr) 1500 cm™! Anal (CasHzNzO 2 2HCD

4-(4-Methoxycarbanylb idene)piperidina-1-car-
mummmmnwins) Amll;tll:edﬂ(ll.‘ll.
49 mmol) and trimethy] phosphite {25 mL) wes refluxed under
Nayfor 5h Emuluimeu'ly‘lplllpm:gwmmndz
codistillation with tluene o 14 in quantitative yleld !
NMR (CDClj 83.20 (d, 2H J=22Hz) 368 {d, 3H 108 Hx)
Sn(ng)H 112 Hx) 3.81 (s 3H) 738 {m, 2H) 8.00{d 2H
J=38

To a solution of the above product (14) in dry THF (200 mL)
way added dropwise Hthtum d e (327 mL 15
M in hexanea, 48 mimol) at —78 *C The reaction mixture was
then allowed to warm to room temperature prior to additien
of N.rere: -4-piperidone (B 78 g. 48 mmol In 100
mL dry THF) Affer 12h the resction mizture was quenched
with water (300 mlL) and extracted with ethyl acetate (3 x
300 mL) The combined arganic phases were dried over MgSO,
and evaporated o give a crude producy, which was purified
by flash chroma! {D-33% ethyl acetate In hexanes)

15 as a white solld (5684 g. 35%) IR {NeCl) 1718

1688, 1808 cm™ 'HNMR (CDCld & 1 44 (5. 1H) 231 &t J=
S5Hz, 2H) 242 {t. Jw 55Hx 2H) 3.37 {t, J= 55 Hx, 2H)
348(t J=55Hz 2H) 387 (s.3H) 833(s, IH) 720 d J=
87Hx 2H) 7984 (0. /=87 Hz 2H) “"C NMR o283
201,3519 5168, 1237 1278 128.7 1204, 140.5 1421 1548,
1008 Anal (CuHWNDJC H N

4-Bramo-4-[bromo{é-methoxycarbonylphenyl) mathyl
plperidine l-carbaxylic Acld u:n-llu annr (e 1‘011
mbmure of 15 (52 g 18 mmol) and (109 in dry

dichloromethene (200 mL) was added a solution of bramine
{29g 18 mmol) In 30 ml. CHyCl;at O C. after 1 5 hat room
ture the sojution after Altratlon of KzCOs was con-
centrated The r~sidue was then dissclved in ethyl acetate (200
ml) washad with water (200 mL) 05 M HC) (200 ml) ardd
prwldedm mcl;)ud.endpnd mhlefso' my:ndnd fi
a uct w was 1L rom
methano] to give 18 as » white solid (8 07 g. 78%) IR (NaCl)
1725 1668 em™ 'H NMR (CDC}y) 4 1 28 {s.9H) 1 75 (m 2H)
180{m 2H) 21(m 4H) 308 (br 4H) 3.90 (s. 3H) 4 08 (br
4H) 514{s, 1H) 757 {d J=B4Hx, 2H) 708 (d J= 8 4 Hx,
2H) "CNMR (CDCl,) ¢ 28.3,36.8 383 403 521 03.2 129
éﬂuﬂém.s 130.4 1410 1544 1883 Ana! {CsHuBrINDJ)
4 [Bremo(4-carboxyphenyl)met elpiperidine-1
carboxylic Acld fert-Bulyl Estar (17) A solutlonof 16 (5 4
g 11 mmol) in methane] (300 mL) and 2 0 M NaOH (100 mL)
was heated at 40 C for 3 h. The solld was cnllected by filoration
and dried overnight under vacuum. The dry salt was dissalved
in 40% acetonitrilo/water and was @ pH 2 valng
concentrated HC! The destred product {17 38 g, 87%) wes
solated aa a white by Nitration. 'H NMR (CDCly) 8
145(.8H) 222 ¢dd /J=55Hz 81 Hz 2H) 264 (dd J=
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55Hz 6.1 Hz, 2H) 334 [dd /= 55H=z, 61 Hz, 2H) 354
(dd J=55Hz,01Ha 2H) 735(d J=87Hz, 2H) 5.08 (d
J=67Hz. 2H) 3C NMR {CDCL) & 28.3, 31.5, 42 440,
1153 1287 1204 1302 1377 1452 1546, 1703 Anal
CuHuBNOJC H N

4-| Bromo{d-diethylcarbamoyiphenyl) mathylene] piper-
Kdina-1-carbaxytic Acld tert-Buty! Estar {8) To a solutlon
of 17 (1 0 g. 2.5 mmal) In dry dichloromethane {10 mL) & -
20 "C was added Isobuty] chloroformate (450 mg 3.3 mmol)
After 20 min at ~20 “C diethylamine (4 ml) was added and
the reaction was allowed to warm 1o room

i

partitioned between ethyl acetate and waler The organic
phase was washed with brine and dried over MgS0,. Removal

{CDCIg) 8 1271 1413, 283, 315 343 391
432 79.7 1159, 128.% 1203, 1388 1371 140.6. 1548 1705,
Anal {CaHlyBrNOJ)C H N

NN-Diethiyl-4 I[plporidln-l-ylldme(!—trmmth

¥l benzamide (6h) A mixture of 8 (500
1 1 mmol) Suiﬂmrmllylphqlbuuﬂelcﬂﬂlegi
mmal) Z2M NagyCO; (3 mL) and

Nadium(0) (20 mg) In tluene 5 and ethanal
Egnaad.’nmﬂwnnﬂlﬂltl *C for 5 h under Nj. The
resction mixture was then cooled I roam K and
extracted with ethyl acetate @ x 100 ml}) combined

hases dried nd
:m:hmw& over MgS0, and evaporated to give

The above product (18s} was treated with 4@ M HC1 in
dioxane at room tem far 2 h. After evaparation, the

washed with brine drisd over and evaporated to give
@h {291 mg, 64%) 'H NMR 4113(bem 3H CHY
CH:) 1.22(brm. 3H CHCHy) 198 (s, 1 H.NH) 228 (m. 2
H piperidine CFL) 2.33 (m. 2 H piperidine CAH-) 2862 (m. 4
stm, 3.20 (wm, 2H CH.,CAAN ) 354 (bem, 2
H ) 713d J=80H=z, ZH ArH) T28-7T48(m
6H HCI sale > 8% °C dec’ IR (NaCI) 3409 1620

H
mnmww-:ﬁr.fﬂi o
methyDbanzamide Method as
13 mmol) and 3 4-df w'(?m 26
mmol) 61 (437 mg. 799} 'H NMR (CDCly) 8 112
{br 1.20 {or SH) 228 (t. J= 56 Hx, 4H) 2.88 {m, 4H)
327 (r 2H) 352 (br 2H) 0.8-T4 {m, TH) Anal (CoHm-
CLMO 15HCHC H N

mmol) and 3-aceryl acd
prwidul%mlmg. 'HNMR {CDCla) 81 11 {r
120 (br 3H) 206 (bra, 1H) 228 {m 2H) 234 (m 2
{s 3H) 282 (m 4H) 3.2 (br 2H) 3.51 (br 2H) 7
B0Hz 2H) 732(d J=80Hz, 2H)
740t J=80Hz, 1H) 774 (s 1H)
Anal (CasHaN:Or18HC)C H N

NADlethyl4-(3-nitrophmyliplperidin-i-ylidenameth-
yDbenzamide (8k) Mnldnhr.lhhnunmsm
Tooronic acld &k In quantitative yleld: !
{leﬂﬂlll 3H) 121 (br 3H) 227-234(m. 4H) 2
{t J=8O0H=z 4H) 326 (br 2H) 352 (br 2H) T10(d J=
84Hz. 2H) 731 J=84Hz, 2H) 7407350 (m 2H) 785
808 (m 2H) Anal (CaHpNygO3 14HCHDC H N

N, -4-{2-flucrophenyipiperidin-4-ylidenamath-
yoh':M(ll) Methduhﬂhbmmhg!ﬂuvﬁnn
ylboronic acid provided 61 in quantitative 'H NMR
(CDCld&111¢(br 3H) 115(r 3H} 210t J=352Hx, 2H)
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22 0 J=52Hz 2H) 2.83(m. 4H) 3.20 (br 2H) 345 (br
2H) 8.94-7.03 {m. 3H) 7 107 23 (m 5H) Ansl (CuHpFNO-
1SHCDC H N

N.NDiethyl-4-(2-thiophamnyipl nameth
yDbenzamida (&m) Method as for Bh but using 2 th
éhunnle acld provided Om In quantitative yleld 'H NMR

DCIY A 112 (b 3H) 120(r 3H) 224 t /=52 Hx 2H)
250 J=32Hx 2H) 285(, J=568H22H) 282 (L /™
S56Hz 2H) 327 {br 2H) 3.51 (br 2H) 675{d J=3.8 Hze.
IH) 683 (t J=36Hz. IH) 716(d J=T2Ha,2H) 721({d
J=36Hz 1H) 730(d J=72Hz 2H) Anal (CyHuN;05
1SHCHC H N

N.NDiethyl-4-{¢-methyithiophonylpl idene-
mathy)benzamide (8n) Method as for 8h but using 4-meth-
yhthiophenylboranic acid provided 6n in quantitstive yield 'H
NMR 111 (r 3H) 120{r 2%2-275{m 4H)
245 (s 3H) 290-207 (m 4H) 328 (br 2H) 3.51 (br 2H)
701(d J=B80Hs2H) 710(d J=80Hz.2H) 715§ J==
727 (d J= 68 Hz: 2H) Anal (CiHxN:0S
2SHCHOCHN
N,

3

LN-Diethyl-4-(3-aminophenylpiperidin-4-ylidensmaeth-
yDbenzamide (8a) Mﬂl‘lﬂﬂﬁl‘ﬂlbﬂttﬂl‘l‘!ﬂlﬂ!ﬂ‘ﬂl
ylboronic acid provided 8o in quantitative yleld 'H KMR
{CDCl3 41 11 (br 3H) 1.20 (br 3H) 2 27-2.33 (m, 4H) 2.88—

280 (m. 4H) 327 (br 2H) 3.51 (br 2H) 357 (or 2H) 3688
h.ﬂ“? 839 {s, 1H) 652 (dd /= 18 Hx. J=78 Ha, 2H)

T08(t J=BOHx 1H) T12(d. J=084Hz 2H) 728 (d. J=
84 Hz 2H) Amal. (CpHaNO 1.2HCDC H N

N NDiethyl-4-{¢-methoxypbenyl ridin-4-ylidene-
methyf)benzamide (8p) Lﬁ:l-dus?nrmuf‘yemn-
oxyphenylbaronic acid provided 8p in quantiiative yleld 'H
NMR (CDCl3 4 1 12 (br 3H) 1 18 (br 3H) 2.20 {m, 4H) 2.B7
{m, 4H) 3 27 (br 2H) 3.51 for 2H) 377 (s. 3H) {m. ZH)
700(m 2H) T104d J=84He 2H) T28 (4 8.4 Hi)
Annl (CpHacN:Opl BSHCDC H N

N N-Diethyl-4-(2-methoaxyphenylpiperidin-4-ylidena
methyl)benmamide (6q) Method as for 8h but using 2-meth-
oxyphenylboronic acid provided 8q in quantative yleld: H
NMR {CDCh) 4100 (br 3H) 118 (or 3H) 210{q J=48
Hz ZH) 231 {g J= 48 Hz 2H) 28-20 (m, 4H) 3.25 (br
2H) 350(r 2H) 388 (s 3H) 883-890(m 2H) 7.0{d I1H)
7 15-7.25 (m. SH) Anal (CaHaN:Or1 SHCYC H N

N.N-Diethyl4-[(1-methylpiperidin-4-ylidene) pherryl
methyllbenzamide (18n) 5‘#Dlethyl4 I(plperidin-4-yli-
dene)phenyimethyijbenzamide (8a 035 g 1.0 mmaol) was
dissolved in acetonitrile (5 mL) Polasalum carbonate (@ 14 g,
10 mmol) and methy! todide (63 gl 10 mmol) were added
withstirringat 25 C After 30 min the reaction mixture was
evaporated and put anto sijica gel for purification by chroma
togrephy using 0 to 10% McOH (10% NH, OH) in CHyCl; to
give 48 mg of the Minal product (28% of copverted »
material) which was converted o the h

6.
J -

ydrochloride salt by
treatment with HCl In ether 'H XMR (CDClL} 4 1 1 {m 8H
amide-Me) 2.40 (5. 3H MeN) 249 2 60 (2 8H piperazine
H) 340 {m 4H amide CHy) 708-7 34 {m, 94 Ar—H) HCl
sait mp & 110°C dec IR {KBq) 1685 crn~! Anal {CpyHaNO
SZHCRCH N

NN-Dicthyl-A-{phenyl-Nallylpiperidin4-ylidenemeth-
,nlb“:i-lylm (ll::) M;tll‘lﬂ Ik.; I:escrlbed for compound lﬁ
using bromide as al ting reagent 1
(86%) 'HNMR (CDC1J 4 1 12 {brs 3H) 1.2} m:g
{m 4H) 255 (m 4H) 3.08 (d J=068Hz 2H) 3.25 (bra. 2H)
353 (brw, 2H) 518 (m 2H) 588 (m 1H) 712 pm 4H) 7.20
4H) HClsart mp 85-85 "C (CH/Cl) IR
(KBr) 1824 em™! Anal {CHuMQ 16HC)C H N
N NDlethyl-4- -2-butenyl) phenylipiparidin-
4 ylidenemethyl|benzamide (18¢c) Method ag described for
compound 18a using | bromo-3 metiryl 2-butene as the al
kylating reagent 18c (T19%) 'H NMR (CDClp) 8 1 10—
J30(br 6H OCNCH,CH) 164(s 3H ~CCHj 173({s 3
H =CCHJ) 240 (m. 4 H NCH;CHg) 252 {m, 4 H =CCH}3
30(d J=78Hx. 2H NCHCH=C) 320360 {r 4 H
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+HLH) 5.28(m 1 H NCHLCH=C) 7 18-7 45{m. 8 H
iClsalt. IR (NaCl) 1623 cm™ Anal {CauHxuN;O 1.EHC)

N
¥.Diethyl-i-{Mbutylphenyipiperidin-4-ylidenometh-
nzamide (18d) Method as deacribed for compound 18a,
1-lodobutane a3 the alkylating provided 184
IH NMR (CDClg) 4 082 {t. /=7 2 Hz, 3H CHiCH)
126 (br 8H OCNCH,CHj 132(m,2H CHCH3 153
H CHCHCHD 2.42(m, 8 H NCH3 253 (m,4H =
) 320-3.60(br 4 H OCNCHCHy) 7 19-781 {m,8H
|g| salt: IR (NaCl) 1622 cm™ Anal (CpHaN,0 1.8HC)

AtDliethyl-4-(1-cyclopropyimethylphenyipiperidin-
denemethyllbanzamide (18e) Method ss described for
ound 180a uslng compound 8 snd
provided 10e 'H NMR (CDCly) 4 0.20 (m
im 2H) 104 {m, 1H) 1 14 {bra, 3H) 1.24 {hre, 3H) 2 48
= 8.4 Hz, 2H) 2 56 [brs, 4H) 2 80 (brs, 4H) 3.20 (brs.
353 (brs 2H) 714 (m, 4H) 7.22 (m 1H) 7.27 (m, 4H)
MR{CDCl)4418 7.3 128 141 303,302,432 543
128.2 1286, 1280 1205 1200 134.1 1353, 133
1429 171.0 HClsalt. decix 100 °C (CHsCly) IR (KBd)
em~! Anal (CoMHyNO-23HC)C H N
[(1 Cyeclohaxyl In 4-ylidene)phanylmethyl]
dmmﬁ%h;ﬂnmd?hﬂmm 29
) cyclohexanons (368 ul 0.35 mmol) and T(OPr-J, (0.17
0. mol) was ultrasonicated for 1 h and then stirmed

58

2H) 3.50 (s, 2H) 7007 {CDCly
141 259 28.7 320,381 43.2 507 508,836 1280,

3 1270 129.7T 1208 134.7T 1340 1300 1420 1434

> mp (HC] salt) 105108 °C. Anal (CaaHaN,O 2.0HCH
N\

{( Phenylpipecidin-4-ylldene)phenylmethyl]-N.N-
hylbenzamida (18g).A mixture of 8a (44 mg, 0.13 mmel)
1yl bromide (20 ul. 0.19 mmal) Pd{dba): (1 mg. 0.0017
M) BINAP (2.5 mg 0.004 mmnul) and sodium rere-butexide
‘ng- 0 20 mmol) in 2 mL toluene was heated at 80—80 °C
under a nitrogen stmosphere The solvent was
oved in vaoun and the residure purified by MPLC 0
‘s of EtOAc in heptane on silice gel) to give the desired
nd 18y (30 mg, 56%) 'H NMR is10-14
%[m 4H) 31-37(m, BH) 88-75 (m. 14H) C
R O 1277 13.87 31.20 3910 4321 51.03,116.23,
21 128 12 126 49 127.98 128 B4, 126 68, 120.72 135.13
&3, 13573 14181 14315 151.00 171 O IR (HC) sali)
Fem™ Anal (CeHaN O 1 THCIC H N
fological Assays. 1 Cell Culturo sand Membrane
paration. Human HEK-283S cells were subject to stable
isfection with eDNA encoding the human » & and «
prara. Clones were chosen lor high recepior expresalan and
10 In suspenaion cultixe Cells were harvested and P2
ibrane preparations were produced
Receptor Binding Assays. Membranes were combined
1 test compounds and appraximately 007 nM of the
ropriate radioligand ['S])[D-Ala*|deltarphin IT {X; = 0.83
aLd) "S[FK33824 (/=1 14 nM at ) and [29])-0-Pro®.
arphin A[1-11] (X, = 0 18 nM at &) in 50 mM Tris, 3 mM
i 1 mgmL BSA pH 74 The amounts of bound redio-
vity were determined at equillbrium by filrration. The
specific (N5) binding was defined In the pressnce of 10 gM
one The ICw values of test compounds were determined

-
w
-3

Wel et al

from 2 parameter logiatic curve fits of percent specific binding
va log{malar ligand) salving for ICs and Hill slope

3 GTP|[y-®5] Binding Assays. Membranes expressing 10
pmol af hDOR/ng protein were combined with test compounds
and :rpulmnmly 02 nM GTP{y-¥S] in 50 mM 20
mM NaOH pH 7.4 5 mM MgCh, 100 mM NaCl 1 mM A
1 mM DTT 0 1% BSA 15 yM GDP The bound radisactivity
was determined after 1 h by filtration Contral and stimulated
Wm&urmlnﬂ In the absence and presence of 3 xM
S respective y Valucs of ECa and Sy for ligancds were
obtained (rom 3 parmmeter logistic curve At of percent
stimulated GTP{py-"S] binding vs log(malar ligand) silving for
ECso. HIll slope and % B,

4. In Vitro Metabaolic Studies Incubation conditions:
All Incubations {mt Bver microsomes (0 4 mg/mL proteins,
Xenotech LLC Knmcmla KS) aubstrate at 10 o 100 nmol/
l;lmADPH 100 l::bullhr at pH 7 4] were

In duplicate in disposa -well plates an a gently
sheking platform maintained at 37 *C Camtrol incubations
were carried out by incubating the same substrate concentra
tons in phosphate buffer without rt liver microsomes or
NADPH. The final I:leunem 500 aL, containing 1%

s

DMSO (rest article solutions were prepared at 10 mM
in DMSO}

Incubations were started by the addition of NADPH (or
buffer for NADPH free cant and were stopped after 0 and

60 min by the addition of 500 u1. of ice-cold acetonitrile The
precipitated proteins were removed following a 10 min cen-
trifugation at 8500g and the ts were analyxed fior
parent drug by a benchtop LC—-MSD system.

Analytical conditiona: Aliquors (3 41 of the ]
were directly injected onto a Zorbax Edipse XDB C18 column
{46 x 30 mm. 3 5 ym particies) using a micro Illeumﬁ
{HP220, Hewlett Packard Kirkland Quebec
mobile phase consisted of a mixture of acetonitrile methancl
and 0.04% farmic acld In warer {80—8(00—15 15-30 wv) The
Now rate was 1.0 mL/min The LC system (HP1100, Hewlett
Packard) was equipped with a quaternary {(Hewletx
Packard) and linked to @ mass seloctive detector with
an electrosneay Interface (Hewlett Packard) The MSD was
operated in selected fon monitoring made (the selected mx
being that of the parent compound) Nebullzer pressure was
60 psl while the drying gas (ni n) was delivered at 13
L/min The capillary voltage was V and the fragmentor
{collision Induced dissocistion cell) was set at 70 &V

5. Results (parent drug disappesrance from tha in-
cubation medium) The parent drug peak area in the 0-min
incubsation sample was consiiered (o be the 100% value and
parent drug levels weve expressed ms percent (%) parent
remaining.

. Molecular Modaling Studies. Models of compound 8e
and SNC-80 were comstructed with stwrdard parameters tn
Sybyl 8.2 (Tripos Inc 1899 South Hanley Rd. St Louls, MO
63144) using 2 SGI workatation (Indige 2) The random
conformational search and energy minimization were per-
formed uvaing the Tripus force field An energy window of 5
kuenlimol (B - Egw) was used to rollect low conformers.
The rotatable bonds with an interval of 30° were further used
to classify the low-energy conformers. There were 12 differerns
conformers for 8a and 159 for SNC-80 The representacive
conformers were then compared between the two compounds.
The superpasition of the conformers was carried out with the
piperazine ring {for SNC-80) or re ring {for 8a} and
the right tund phenyl r superposition of X ray
stnuctures of s and SNC wn:ralrrhdnulbmuenllw
polnts. the two nitrogen atoms of the plperaxine the
centrold points of the two phenyl rings, and the cnrhr:ﬁm
of the carbany] group
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D |a forma legible por computador no ha sido proporcionado o no cumple con el estindar

Forma PCT/IPEA/409 (Cailla 11I) (Enern 1958)
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Solicitud internacional No
REPORTE DE EXAMEN PRELIMINAR INTERNACIONAL PCT/SE01/00707

V Afirmacién razonada bajo el Articulo 35(2) respecte a novedad, nivel Inventivo o aplicabilidad indusirial ataclones
'y explicaciones que sustentan dicha afirmacién

1 Afirmacién
Novedad (N) Reivindicaciones 1-6, 8 14 SI
Rewvindicaciones 7 18 NO
Nivel inventivo (IS) Reivindicaciones 1 6, 8-14 SI
Rewvindicaciones 7 18 NO
Aphcabihidad industrial (IA) Rewvindicaciones 1 14,18 S1
Reivindicaciones NO

2 Cimciones y explicaciones (Regla 70 7)

Los sigmentes documentos son citados en el reporte de isqueda

DI1) WO 9828275 Al
D2) WO 9723466 Al
D3) WO 9933806 Al
D4) J Med Chem. Vol 42 1999 p 5455 5463
D5) J Med Chem Vol 43 2000 p 3895 3905

El documento D1 es considerado como el estado de la técmca mds cercano

Las rervindicaciones 1-6 y 8-14 se relacionan con una seleccién de compuestos que estin mclwdos en la fdrmmla
general en las rervindicaciones 1 y 3 del documento D1 Los compuestos de los documentos citados también tienen
la rusma aplicaciéim que los compuestos de la presente solicitud.

Sin embargo no se ejemplifican compuestos acordes con las presentes rervindicaciones en el documento citedo

El golicitante ha mostrado que los compuestos acorde con las presentes reivindicaciones tiene efectos ventajosos
comparado con algunos de los compuestos estrechamente relacionados de D1

Por lo tanto se considera que las reivindicaciones 1-6 y 8 14 cumplen los requisitos de novedad, mvel inventivo y
aphcacién industrial

La rervindicacién 7 se relaciona con un proceso para la preparaciém de los compuestos y la reivindicacién 18 a un
compuesto mtermediano

El proceso acorde con la reivindicacién 7 es conocido a partir de D1 ver pigina 55 la etapa del compuesto 52 al
compuesto 53

Ademds el intermediano acorde con la reivindicacidn 18 es conocido s partir de D1 (compuesto 52) Observar la
definicién de grupo protector del ipo bencil, Ia cual mcluye Boc en la reivindicacién 7 y en la descripcidn pdgina 4
linea 14 de 1a presente sohcitud

Asl se considera que las rervindicaciones 7 y 18 carecen de novedad

Forma PCT/IPEA/409 (Canlls V) (Excvo 1996)
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PATENT COOPERATION TREATY
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT

{PCT Article 36 and Rule 70)
Applicant 5 or ageni 8 file reference See Notification of Transauttal of inermational
100001~-1 WO FOR FURTHER ACTION Prelmunary Exammnation Report (korm P( [/IPEA/416)
International apphication No. Intemnaticnal filing date (dayvmonthAear) Prionty date (dmvmonth/ear}
PCT/SE01/00707 30 03 2001 04 04 2000

Imernational Patent Clasnfication (IPC) or national classification and IPCy

CO7D 401/06, CO7D 405/06, CO7D 409/06 CO7D 211/68, A61K 31/4523
A61P 25/04, A61P 25/00

Apphicant
AstraZeneca AB et al

1 Ths mtaustionsl prelimmary examination report has been prepanal by this Imtemational Prelimmary Cxamining
Authonty snd 18 transmitted to the applicant according to Article 3§

2 This REPORT connsts of s tots] of 4 sheets, meluding this cover sheet
D Thas report 18 also accompanred by ANNEXES Le sheets of tbe description, claims and/or dawings which have
been smended and are the bass for thig report and/or sheets containing reclificntions made before thus Authonty
(see Rule 70 16 and Secuon 607 of the Admmustrative Instructions under the PCT)

These annexes conmst of a tolal of shects

3 Thus report contains indicataons relating to the fhllowing items.

1 E Bams of the report

1 D Pnonty

m E Non-establishment of opimon with regand to novelty inventive step and industnal applicability
v D Lack of umity of mvention

v g Reagoned statement under Article 35(2) with regard to novelty inventive siep or industrual apphcabihity
crancns and explanations supporimg such statement

Vi D Cextain documents ciled
v D Certamn defects tn the international application
vio D Certan observations on the mtemnational application

Date of submusion of the demarid Da'e of completion of this report

12 10 2001 09 07 2002

Name and mmlng sdédress of the IPEA/SE Authonized officer

Patent- och registreringsverket Telex

Bot 5055 17974

8-102 42 STOCKHOLM PATOREG-3 |Solvelg Gustavsson/BS -t
Facsmule No 08-667 72 68 Telephone No 08-782 25 00

Form PCT/IPEA/A09 (cover sheet) (January 1998)
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Internanional application No ], qB
INTERNATIONAL PRELIMINARY EXAMINATION REPORT
PCT/SE01/00707
1  Baslsof the report
1 With regard to the elements of the mnternational appheation *

g the witernational apphcation as ongwnally filed

(] e desermtion
pages as onginally filed
peges filed wath the demand
pages filed wath the letter of

D the clams
pages as ongmally filed
pages a3 amended (1ogether with any statanent) under article 19
pagen filed with the denand
Pages filed with the letter of

D the drawings
rages as ongmally filed
pages filed with the demand
pages filed wath the letter of

[[] the sequence uting part of the descrmptson
pages a5 onginally filed
pages filed wath the dunand
pages filed wath the letter of

2 With regard to the langusge ail the elements marked above were availabk or furnished to this Authonty in the language w which
the miernaticnal apphcation was filed, unless otherwise mdicated under this rtem
These elements were available or fimnushed to this Authonty m the followmng language winch 13

D the language of a translation furmushed for the purposes of ntematicnal search (under Rule 21 1(b))

the language of pubbcation of the imernational appheation (under Rule 48 3(h))

I:l the Isnguage of the translation firmshed for the purposes of iemabonal preliminary exammation (under Rules 55 2 and/
or 55.3)

3 With regard to any nucleotide and/or amino aeld sequence duclosed in the imernatronal applicaton the international
prelminary examination was camed out on the bams of the sequence isting

D contamed m the itemnationa) application m writien form.
filed together with the mternational application in computer readable form
furmshed subsequently to this Authonty 10 wnitten form

finushed subweguently 1o this Authonity 1n computer readable form

The sistement that the subsequently furmished wniten sequence lising does not go beyond the disclasure 1n the
imemational apphcation as filed has been furnished.
The siatement that the wnformaton recorded 1n computer readable form 15 identical to the wnitea sequence listing has

been furmished,
The amendments have requlied m the cancellaton of
[] the description, pages
[J thecams Nos
(] e arawngs, sheevtiy

D ‘This report has heen established ax 1f {some of) the amendments had not been made since they have heen considered to go
5 beyond the disclosure s filed, a3 indicated in the Supplemental Box (Rule 70 2 {c))

* Replacement sheets which have been firmshed to the receiving Office In response 1o an imwtation nnder Ariicle 14 are referred 1o
# thes report as  originally filed and are aunexed to this report since the do noi contain amendmenis (Rules 70 16
and 70.17}

" Am replacamett sheet contaimng sich fnmdmll nust be referred to undar item | and annexed to this report

O O O000

e ———————————————— —
Form PCT/IPEA/ADS (Box I) (January 1998)
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Intcmational apphication No
PCT/SEQ01/00707

INTERNATIONAL FRELIMINARY EXAMINATION REPORT

@i

I Non-estabiishment of opinlon with regard to novelty inventive step and Industris] applicablitty

1 The quesions whether the clinmed mvention appears 1o be novel, 1o mvolve an mventive step (to be non obvious) or 1o b
mdustnally applicable have not been examined i respeet of*

D the entire inlemational spphcation,

clmsNos 15-17

because
the said mternational spphication, or the said clamms Nos 15=17

relate to the fllowing subject matter which does not requre an intamational preliminary examinaiion (speci/v)

See PCT Rule 67 1 (iv) Methods for treatment of the human or
animal body by surgery or therapy, as well as diagnostic

methods

1he desenpon, clavns or drawings {mdicaie particular elements balow) or sad clamms Nos

are $0 umclear that no mesmingful opmion could be formed (apecif )

[:l the clams, or saud claims Nos are 50 inadequatety supporied

by the descniption that no meamng ful opmnion could be formed

[:l no intemational search report has been extablished for said claims Nos

2 A mesningful international prelimmary examunation cannot be camed out due to the falure of the nucleotide and/or amina scid

sequence histing 10 comply with the standand provaded for in Armex C of the Admimiginative Instructhions
D the wnitten form has not been furmished or does not comply with the standard
D the computer resdable form bas not been Azmished or does not comply with the standard

Tomm PCI/PLAZ409 (Box 1) (January 1998)
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Intemnational application No

PCT/SE01/00707

V  Reasoned statement under Article 35(2) with regard to novelty aventive step or indusirial applicabillty
cltations and explenations supporting such statoment

INTERNATI NAL PRELIMINARY EXAMINATION REPORT

1 Statement
Novelty (N) Clamns 1-6.8-14 YES
Claums 7.18 NO
Inventive step (I5) Cams j1_-6.8-14 YES
Clams 7.18 NO
Industnal apphicability (1A) Claums 1-14,18 YES
Claims NO

2  Ciabons and explanations (Rule 70 7)

The following decuments are cited in the search report
Dl) WO 9828275 Al

D2) WO 9723466 Al

D3) WO 99336806 Al

D4) J Med Chem , Vol 42, 1999, p 5455-5463

D5) J Med Chem , Vol 43, 2000, p 3895-3905

Document D1 is considered to be the closest related prior art

Claims 1-6 and 8-14 relate to a selection of compounds, which
compounds are included in the general formula in claims 1 and
3 of document D1 The compounds of the cited documents also

have the same use as the compounds of the present application

However, no compounds according to the present claims are
exemplified 1in the cited document

The applicant has shown that the compounds according to the
present claims have advantageous effects compared to some of
the closely related compounds D1

Therefore, claims 1-6 and 8-14 are considered to fulfil the
requirements of novelty, i1inventive step and industrial
applicability

Claim 7 relates to a process for the preparation of the
compounds and claim 18 to an intermediate compound

The process according to claim 7 1s known from D1, see page 55
the step from compound 52 to compound 53

Also the intermediate according to claim 18 1s known from D1
(compound 52) Observe the definition of benzyl-like protecting
group, which includes Boc, in claim 7 and the description page
4 line 14 of the present application

Thus, claims 7 and 18 are considered to lack novelty

10

Tom PC LAY (Box V) (January (998)



DERIVADOS DE HIDROXIFENIL-PIPERIDIN-4-ILIDEN-

METIL-BENZAMIDA PARA EL TRATAMIENTO DEL DOLOR

RESUMEN - OBJETO Y FINALIDAD DE LA INVENCION

N

o

Compuestos de férmula general (I), en donde R! se selecciona de

@

cualqulera de fenll, piridinil, tienll, furanii, Imidazolll, triazolil y tlazoll, en
donde cada anlllo fenilo R1 y cada anllio heteroaromético R! puede estar
ademas substituldo opcional e independientemente con 1, 2 o 3
substituyentes seleccionados de alquilo C,-C¢ de cadena recta y
ramlificada, NO,, CF,, alcoxl C,-Cs, cloro, fluor, bromo y yodo, en donde
las substituciones sobre el anlllo fenilo y sobre el anillo heteroaromatico
pueden tener lugar en cualquier posiclon sobre dichos sistemas de anlllo,
como tamblen las sales y composiciones farmacéuticas que comprenden
los novedosos compuestos y su uso en terapla, en particular en el manejo

del dolor

196



DERIVADOS HIDROXIFENIL-PIPERIDIN-4-ILIDEN-METIL-
BENZAMIDA PARA EL TRATAMIENTO DEL DOLOR

Campo de la invenci6n

La presente invencién se refiere a compuestos novedosos, a un proceso para
su preparacién & su uso y a las composiciones farmacéuticas que conticnen
tales compuestos novedosos Los compuestos novedosos son itiles en la

terapeutica, y en particular en el tratamiento del dolor

Antecedentes de la Invencién y Estado Anterior de la Técnica

Se ha i1dentificado el receptor 8§ como un receptor que desempeiia un papel
en muchas funciones corporales tales como en los sistemas circulatorio y
del dolor Los ligandos del receptor & pueden por lo tanto encontrar un uso
potencial como analgesicos, y/o como agentes antthipertensores Los
ligandos del receptor & han demostrado también poscer actividades

mmunomodulatorias

La 1dentificacion de por lo menos tres difecrentes poblaciones de receptores
opiiceos (i 3 y x) se encuentra bien establecida en la actuahdad, y todos
los tres estdn presentes en los dos sistemas nerviosos -central y periferico-
de muchas especies entre las que se incluye ¢l hombre En diversos modelos
de expenimentacion en animales sec ha observado analgesia cuando se activa

uno 6 mas de dichos receptores

Con pocas excepciones los ligandos & opiéceos selectivos actualmente
disponibles son de naturaleza peptidica y resultan inapropiados para su
admimistracién por rutas sistémicas Un ejemplo de un §-agomista no
peptidico es el compuesto SNC80 (Bilsky L J et al Journal de Famacology
and Lxperimental |herapeutics 273(1) pp 359-366 (1995)) Existe, sin
embargo la necesidad de contar con agonistas selectivos de los receptores &

-1-
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que no solamente exhiban una mejorada selectividad, smno tambrén un

mejorado perfil de efectos secundanos

Por consiguiente, el problema fundamental que pretende resolver la presente
invencién es el de suministrar nuevos analgésicos con mejorados efectos
analgésicos pero que a la vez exhiban un mejorado perfil de efectos
secundarios frente a los p-agomstas ya existentes, y que adicionalmente,

exhiban una mejorada eficacia sistémica

Los analgesicos existentes o 1dentificados en el estado anterior de 1a técnica
presentan muchas desventajas en cuanto que exhiben una pobre
farmacocinetica y no son analgesicos cuando se¢ admimistran por rutas
sistémicas Ademds, se ha documentado que los compuestos S-agonistas
prefenndos, descritos en el estado anterior de la tecnica exhiben

significativos efectos convulsivantes cuando se adminmistran sistémicamente
Hemos encontrado ahora que ciertos compuestos no especificamente
revelados, pero incluidos dentro del alcance de la patente mundial WO

98/28275 exhiben de manera sorprendente, mejoradas propiedades &-

agonistas y mejorada potencia en vivo

Descripcién de la invencién

Los novedosos compuestos acordes con la presente invencidn se definen por
la férmula I

O L
CH3 |

en donde



e

R' se selecciona del grupo conformado por

)

()

(1)

(1v)

)

(v1)

feml ©

pirdinil
-
l y
tieml
S
(\ /7
furaml
0
<\ /7
1midazolil
N\
™
H
triazolil
N
\
N—NH

tiazohl N
(vi1) tiazoh &?

en donde cada amllo femlico R' y cada amillo heteroaromatico R' pueden,

199

opcionalmente e independientemente, ir adicionalmente sustituidos con 1 2

6 3 sustituyentes seleccionados entre alqul C;-Cs de cadena recta 6

ramificada, NO,, CF;, alcoxi C,-C¢, cloro, fluoro, bromo, y yodo Las

sustituciones en el amllo heteroaromético pueden tener lugar en cuaiquier

posicién de dichos sistemas anulares,

Una prictica preferida de la presente invencién es un compuesto acorde con

la férmula estructurel I en donde R! corresponde a lo previamente defimdo

y cada anillo fenfhco R’ y cada anillo heteroaromatico R! pueden de manera

independiente ir adicionalmente sustituidos con un grupo metil

-3-



Una prictica mas prefenda de la presente invencién es un compuesto

acorde con la férmula estructural I en donde R' es pindinil, tieml 6 furamil

Caen también dentro del alcance de la presente mvencién, las sales y
enantiomeros de los compuestos de férmula I, mcluyendo las sales de los

enantibmeros

Cuando el anillo fenilico y el 6 los anillos heteroarométicos van sustituidos,

los sustituyentes preferidos se seleccionan indepe mente entre CFj,

metil, yodo bromo, fluoro y cloro

El paso de reaccién g del Esquema|l, vide infra se¢’ lleva a cabo por

reaccién de un compuesto intermedianio\de férmula gefieral 11

en donde PG es un grupo protector del tipo de uretano 6 bencil, como por
ejemplo Bocﬁ con acido 3-hidroxifenil bérico, usando un catalizador a base
de paladio v g, Pd(PPh;3),, en presencia de una base, vg, Na,CO; para

obtener un compuesto de férmula general 111,

o]
“ T O
HyC i OH
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compuesto el cual luego se desprotege bajo condiciones estandar y se
alquila bajo condiciones reductoras con un compuesto de formula general

R'-CHO para producir asi compuestos de férmula general 1

Entre los catalizadores a base de paladio se incluyen, sin hacer una hista
exhaustiva de estos, PdCl; (+ una fosfina), Pd(OAc), (+ una fosfina)
Pd(dba), PdCl(dppf) CH,Cl;, Pd(PF;), Pd/C

Entre las bases apropiadas se incluyen sin hacer una hista exhaustiva de
estas frietilamina, carbonato de sodio & de potasio

Entre los agentes reductores apropiados a emplear se incluyen, sin hacer una
hsta exhaustiva de éstos, cianoborohidruro de sodio y tnacetoxiborohidruro
de sodio

Los compuestos novedosos de la presente invencion son utiles en la
terapeutica, especialmente en el tratamiento de diversas estados de dolor
tales como dolor cronico, dolor neuropatico dolor agudo, dolor causado por
céancer, dolor causado por artritis reumatoide migrafia, dolor visceral etc

Esta lista no debera considerarse exhaustiva

Los compuestos de 1la presente 1nvencion son utiles como
inmunomoduladores, especialmente en enfermedades autoimmunes como
por ejemplo la artritis, en njertos de piel, transplantes de Organos y
necesidades quirlirgicas similares, en enfermedades del colageno, diversidad
de alergias, como tambien como agentes anfi-tumorales y agentes
antivirales

Los compuestos de la presente invencién son utiles en aquellos estados
patolégicos en donde esth presente la degeneracién o disfuncién de los
receptores opidceos, 0 en los estados implicados en dicho paradigma Aqui
se puede incluir el uso de versiones i1sotopicamente marcadas de los
compuestos de la presente invencibn en tecnmicas de diagnostico y
aplicaciones en el campo de las i1mégenes diagnésticas tales como la
tomografia de emi1s16n de positrones (PET, sigla en ingles)
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Los compuestos de la presente invencién son utiles para el tratamiento de
la diarrea, depresién ansiedad incontinencia urinana, diversas
enfermedades mentales, tos, edema pulmonar diversos desérdenes gastro-
intestinales, lesiones de la columna vertebral y adiccion a drogas,
incluyendo el tratamento del abuso de alcohol, nicotina, opticeos y de otras
drogas, y para el tratamiento de desérdenes del sistema nervioso simpético,
por ejemplo, la hipertensién

Los compuestos de la presente i1nvencién son utiles como agentes
analgesicos de uso durante la anestesia general y los cuidados monitoreados
de la anestesta Con frecuencia se usan combinaciones de agentes con
diferentes propiedades con el fin de lograr un equilibrio en los efectos
requeridos para mantener el estado anestésico (v g, amnesia, analgesia
relajacién muscular y sedacion) Se incluyen en tales combinaciones
anestésicos inhalados, hipnéticos ansioliticos, bloqueadores
neuromusculares y opiiceos

Cae también dentro del alcance de la presente invencién el uso de
cualquiera de los compuestos acordes con la férmula I, ya defimda en la
manufactura de un medicamento para el tratamiento de cualquiera de las
condiciones patolégicas antes mencionadas

Un aspecto adicional de la presente invencién es un método de tratamiento
de un sujeto que sufra cualquiera de las condiciones antes mencionadas,
método consistente en la admimistracién de una cantidad eficaz de un
compuesto acorde con la férmula 1 a un pactente en necesidad de dicho
tratamiento

Un aspecto més de la presente invencién son los intermedianios de férmula
general 1],

H,C
HC l
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en donde PG es un grupo protector tipo uretano & tipo bencil, como por

ejemplo Boc

Métodos de preparacion

Los compuestos acordes con la presente invenci6én pueden prepararse
mediante los siguientes procedimientos conocidos, descritos vg en
“Advanced Organic Chemistry” Tercera Edicién, de Jerry March John
Willey and Sons Inc, New York (1985) paso (a) p848, paso (b) p848,
paso (c) p657 paso (d) p875, paso (e¢) p371-373, paso (j) p364-366 Step
(2) N Miyaura and A Suzuki Chem Rev, 95, 2457-2483 (1995) paso
(12) "Protective Groups in Organic synthesis” p327-329, de Theodora W
Greene and Peter GM Wuts, Second Edicién John Wiley and Sons Inc,

New York (199 1) Obras citadas aquf con propdsitos de mera referencia
EJEMPLOS
La invencién se describira ahora con mayor detalle a través de los siguientes

Ejemplos, los cuales no tiecnen el propésito de hmtar el alcance de la

presente invencion
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Ejemplo 1
Preparacién de N, N-dietil-4-(3-hidreoxilfenil-piperidin-4-1thden-

metil)benzamida (compuesto 7)

(1) Preparacién del Acido 4-(4-metoxicarbonil-benciliden)-
piperidina-1-carboxilico, tert-butll éster (compuesto 3)

Se sometio a refluyjo una mezcla de compuesto 1 (11,2 g, 49 mmol) y
trimetil fosfito (25 mL) bajo N; durante 5 hr Se removié el exceso de
tnmetil fosfito mediante co-destilacién con tolueno para producir asfi el

compuesto 2 con rendimiento cuantitativo

RMN 'H (CDCly) 3 3,20 (d, 2H J=22 Hz) 3 68 (d 3H, 10,8 Hz) 3 78 (d
3H 112 Hz) 391 (s, 3H) 7,38 (m 2H), 8,00 (d 2H, J=8 Hz)

(i) A una solucién del producto antenor (compuesto 2) en THF seco
(200 mL) se agrego gota a gota dusopropilamida de litio (32,7 mL, 1,5 M en
hexanos, 49 mmol) a -78 °C La mezcla de reaccién se deyé luego que
calentar hasta temperatura ambiente antes de la adicibn de N-ters-
butoxicarbonil-4-piperidona (9,76 g, 49 mmol en 100 mL de THF seco)
Despues de 12 hr la mezcla de reaccién se extinguio con agua (300 mL) y
se extrajo con acetato de ehlo (3 x 300 mL) Las fases orgénicas
combinadas se secaron sobre MgSO, y se evaporaron con lo cual se obtuvo
un producto crudo, el cual se purifico por cromatografia flash para obtener

as1 ¢l compuesto 3 a manera de un solido blanco (5 64 g, 35%)

IR (NaCl) 3424 2974, 2855 1718, 1688 1606 1427 1362 1276 cm'
RMN 'H (CDCl,) 5 1 44 (s LH) 231 (t, J=5 5 Hz, 2H), 2 42 (t, J=5 5 Hz,
2H), 3,37 (t J=55 Hz 2H) 3,48 (t, J=55 Hz, 2H) 3 87 (s 3H), 6,33 (s,

1H), 7,20 (d J=6,7 Hz 2H) 794 (d J=6,7 Hz, 2H),

RMN C (CDCl,) & 28,3, 29,2, 36,19, 51,9, 123,7, 127,8, 128 7, 129,4,
140,5, 142 1 154 6, 166 8
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(nl) Preparacién de dcido 4-]bromo-4-|bromo-(4-metoxicarbonil-fenil)-

metil]-piperidina-1-carboxilico, terz-butil éster (compuesto 4)

A una mezcla del compuesto 3 (52 g, 16 mmol) y K2CO; (1,0 g) en
diclorometano seco (200 mL) se agreg6 una solucién de bromo (29 g, 18
mmol) en 30 mL de CH,Cl, a0 °C Luego de 1 5 hr a temperatura ambiente,
la solucién después de filtracion del K,CO; se condenso El residuo se
disolvi6 luego en acetato de etilo (200 mL) se lavé con agua (200 mL), HCI
0,5 M (200 mL) y salmuera (200 mL), y se secé sobre MgSO, La remocién
de los solventes proporcioné un producto crudo, el cual sc recristalizé a
partir de metanol con lo cual se obtuvo el compuesto 4 a mancra de un
s6hdo blanco (6,07 g, 78%)

IR (NaCl) 3425 2969 1725, 1669, 1426 1365 1279, 1243 cm '
RMN 'H (CDCl,) & 1,28 (s, 9H), 1,75 (m 2H) 190 (m, 2H) 2 1 (m 4H)
3 08 (br, 4H), 3,90 (s 3H), 4,08 (br, 4H), 5 14 (s 1H) 7 57 (d, J=8,4 Hz,

2H) 7,98 (d, J=8 4 Hz 2H)

RMN ''C (CDCl3) 5 283 366, 383, 40,3 521 632 729, 129,0, 130 3
130 4 141,9, 154,4, 166 3

(rv) Preparacién de dcido 4-|bromo-(4-carbexl-feml)-metilen]-
pipeniding-1-carboxilico, fert-butll éster (compuesto 5)

Una solucién del compuesto 4 (5,4 g, 11 mmol) en metanol (300 mL)y 20
M NaOH (100 mL) se calento a 40 °C durante 3 hr El solido se recolecto
mediante filtracidn, y se secé durante una noche bajo vacio La sal scca se
disolvié en acetomitrilo al 40%/agua y se ajust6 a pH 2 usando HCI
concentrado El compuesto del producto deseado, compuesto 5 (3,8 g,
87%) se aislé a manera de un polvo blanco por filtracion RMN 'H (CDCl)
5 145 (s, 9H), 2,22 (dd J=5 5 Hz, 6,1 Hz, 2H), 2,64 (dd, J=5,5 Hz 6 1 Hz,
2H), 3,34 (dd, J=5 5 Hz 6,1 Hz 2H), 3,54 (dd, J=5 5 Hz 6,1 Hz, 2H), 7,35
(d J=6,7 Hz, 2H) 8 08 (d, J=6 7 Hz 2H) RMN '*C (CDClL;) 5 28 3 31,5,
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342 440 115,3, 128,7, 129,4, 130,2 137,7, 1452, 154 6, 1703

(v) Preparacién del dcido 4-]bromo-(4-dietilcarbamoil-fenil)-metilen]-
plperidina-1-carboxilico, tert-butll éster (compuesto 6)

A una solucion del compuesto § (1,0 g, 2,5 mmol) en diclorometano seco
(10 mL) a -20 °C, se agrego cloroformato de isobutilo (450 mg, 3,3 mmol)
Después de 20 mmn a -20 °C se agrego dietilamina (4 mL) y la reaccién se
dejé que alcanzari la temperatura ambiente 1,5 horas despues, los solventes
se evaporaron y el residuo se particioné entre acetato de etilo y agua La
fase organica se lavo con salmuera y se seco sobre MgSO, La remocién de
los solventes proporciond un producto crudo, el cual se purificé por
cromatografia flash para producir as1 ¢l compuesto 6 a manera de agujas
blancas (300 mg 73%)

IR (NaCl) 3051 2975 1694 1633, 1416, 1281 1168 1115cm’

RMN ‘H (CDCl3) 5 1,13 (br 3H) 122 (br 3H) 144 (s 9H) 222 (t, J=55
Hz, 2H), 2 62 (t, J=5,5 Hz, 2H), 3 33 (m 4H) 3 55 (m, 2H), 7,31 (d, J=8,0
Hz, 2H) 7 36 (d, J=8,0 Hz, 2H),

RMN C (CDCl3) 8 1271 14 13 28,3 31,5, 34,2, 39,1, 43,2, 797 1159
126,3, 129,3, 136 8 137,1, 140,6, 154,6, 170,5

(vi) Preparacién del dcido 3-ludroxilfenilbérico

Se traté 3-bromofenol (8,65 g, S0 mmol) en THF seco (150 mL) con hidruro
de sodio (al 60%, 2,4 g, 60 mmol) ata (temperatura ambiente) Después de
1 h, se agrego sec-butillitio (13 M 50 mL, 65 mmoL) gota a gota a la
solucién de reacci6n a -78 °C La mezcla de reaccién se dejé luego en
agitacién a la misma temperatura durante 30 min antes de la adicion de
trimetilborato (15 mL) Después de calentar a t a durante 2 hr la mezcla de
reaccion se extinguié con agua (50 mL) y se extrajo con diclorometano (2 x

100 mL) Las fases organicas combinadas se secaron sobre MgSO,; y se
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evaporaron para producir as1 el compuesto del titulo a manera de un sélido
blanco (4,0 g, 58 %), el cual se usé en las reacciones de acoplamiento de

Zusula sin punificacién adicional

(vii) Preparacién _de N,N-dietil-4-(3-hidroxilfen:l-piperidin-4-iiden-
metil)benzamida (compuesto 7)

Una mezcla del compuesto 6 (451 mg, 1,0 mmol), écido 3-
hidroxilfenilbérico (230 mg, 1,7 mmol) Na,COs 2M (2,5 mL), y
tetrakis(trifenilfosfina) paladio(0) (20 mg) en tolueno (desgasificado, S mL)
y ctanol (desgasificado 5 mL) se somet1d & reflujo a 90 °C durante 4 hr bajo
N2 La mezcla de reaccion luego se enfrio a t a, y se extrajo con acetato de
etilo (2 x 100 mL) Las fases orgéinicas combinadas se secaron sobre MgSO,

y se evaporaron para producir as1 un producto crudo

Este producto crudo se traté con HC1 4 0 M en dioxano a 50 °C durante 2 hr
Después de evaporacion el residuo se disolvib en HC1 1 M (100 mL) y se
extrajeron las impurezas con dietil éter (3 x 100 mL) La fase acuosa se
alcalinizé con NH4OH y se extrajo con diclorometano (3 x 100 mL) Las
fases organicas combinadas se¢ lavaron con salmuera se¢ secaron sobre
MgSO, y se evaporaron para productr asi el compuesto del titulo, 7 (305
mg, 88 %)

RMN 'H (400 MHz CDCl3) § 112 (3H, brm CH;CHz-) 1233 H brm
CH;CH2-), 2 33 (4 H piperidina CH-), 2,89 (4H, m, piperidina CH-) 3,29
(3 H,brm NH & CH;CH;N-) 3,53 (2 H br m, CH;CHN-), 4,71 (1 H s,
OH), 6,57 (2 H, m ArH), 6,65 (1 H, m, ArH), 709 (1 H m ArH), 712 (2
H,d J=8,0Hz ArH) 728 (2 H d, J = 8 0 Hz, ArH), Su sal HCl mp
(punto de fusi6n) > -130 °C (Con desc ), IR (NaCl) 2975, 1598, 1442, 1293

cm'

Ejemplo 2
Preparacién de N,N-dietil-4-(3-hidroxifenil-N-bencil-piperndin-4-lliden-

metil)benzamda (compuesto 9)
-12 -




(i) bromo-N-bencil-piperidin-4-iliden-

metil)benzamida (compuesto 8)
El compuesto 6 preparado en el Ejemplo 1(v) anterior (2 26 g, 5 0 mmol),

se tratd con TFA (25 mL) en diclorometano (25 mL) a temperatura
ambiente Después de 2 hr, la mezcla de reaccion se condensé con lo cual se
obtuvo un residuo el cual se disolvié en acetonitrilo (20 mL), y se hizo
reaccionar con bromuro de bencilo (5,0 mmol) ata durante 2 hr La mezcla
de reaccién se condensé, y luego se disolvi6é en acetato de etilo (100 mlL)
La solucién organica se lavé con NH4OH 1 N y salmuera, se seco sobre
MgS0O4 La remocion de los solventes proporciono un producto crudo, el
cual se punficé por cromatografia flash para producir asi el compuesto 8 a
manera de un acette (1,0 g, 45%)

IR (NaCl) 2971, 1630, 1427, 1287, 1094 cm

RMN 'H (CDCH) 8§ 1,13 (br 3H), 1,23 (br 3H), 2,28 (m, 2H), 2,37 (m,
2H) 2,55 (m, 2H), 2,69 (m, 2H) 3 27 (m, 2H), 3,53 (br, 4H), 7,31 (m 4H)

(m) Preparacién de N,N-dietil-4-(3-hidroxifemil-N-bencil-
iliden-metil)benzamida (compuesto 9)

Una mezcla de compuesto 8 preparado en el paso (1) anterior (600 mg, 1,36
mmol), acido 3-hidroxilfenil bérico (414 mg 3 0 mmol), Na;CO; 2M (3 0
mL), y tetrakis(tnfenilfosfina) paladio(0) (20 mg) en tolueno
(desgasificado 5 mL) y etanol (desgasificado 5 mL), se someti6 a reflujo a
90 °C durante 2 hr bajo N, La mezcla de reaccién luego se enfrié hasta t a

y se extrajo con acetato de etilo (2 x 100 mL) Las fases orgénicas
combinadas se¢ lavaron con salmuera y se secé sobre MgSO,; La remocién
de los solventes proporcioné un producto crudo, el cual se punficé por
cromatografia flash para producir asi el compuesto del titulo deseado, 9
(482 mg 78%)

IR (NaCl) 3350, 2974, 1606, 1442 1291 cm !,

RMN 'H (400 MHz CDCl3) 5 1 11 (3 H brm, CH;CHx>-) 124 3H brm
CH3CHz-), 2,36 (4 H m, pipendina CH-), 2,46 (4 H, m, pipendina CH-),

-13 -



g2
210

3,26 (2 H, br m, CHyCH;N-) 353 (4 H br m pHCH>-N & CH;CH,N-)
6,53 (1 H, m, ArH) 6 57 (1 H, m, ArH), 6,63 (1 H, m, ArH), 7,07 (3 H, m,
ArH), 7,25 (7H m ArH)

Ejemplos 3-11

Los compuestos 10-18 de los Ejemplos 3-11, se prepararon siguiendo los
procedimientos de sintesis 1ilustrados en el Esquema 2 presentado a

continuacion
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Esquema 2 1(3)
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Esquema 2 2(3)
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Esquems 2 3(3)

ELN
CH,COOH,

MaQOH

NaCNBH,
i NYE
\I{IHH

| OH

MeCH, CH,COOH
NaCNBH,

-17 -

0.0,
&



Ejemplo 3
Preparacién de N N-diet1l-4-

piperidiniliden|metil}benzamida (compuesto 10)

A una soluci6n a temperatura ambiente de amina secundana (600 mg, 1,65
mmol) en metanol (15 mL) se agregd tiofeno-2-carboxaldehido (153,8 pL,
1,65 mmol) seguido por acido acético (1 ml) La mezcla se agito durante
dos horas y luego se agregd cianoborohidruro de sodio (311 mg, 4,95
mmol) La mezcla de reaccion se agité durante una noche luego se agrego
agua y la mezcla se extrajo con cloruro de metileno Los extractos cloruro
de metileno combinados se secaron sobre sulfato de sodio anhidro se filtré
y concentro bajo condiciones de presion reducida Purnificacion en fase

reversa
(M+1) calculado 461 64 (M+1) observado 461,06

Anélisis calculado para (C23H32N20,S X 1,60 C,HO,F; X 0,20 H,0)
C 57,95%, H 5,30%, N 4 33% Encontrado C 57,90% H 5 34% N 4,36%

RMN 'H (CD;OD) 7,54 (dd, 1H, J=5,2, 1,6 Hz), 7,25 (d, 2H, J=8 Hz),
7,23-7,24 (m 1H), 7 15 (d, 2H, J=8 Hz) 7,03-7 08 (m, 2H), 6 58-6 62 (dd,
1H, J=8 0 28 Hz) 6,52-6,55 (dd 1H, J=7,6 1,6 Hz)), 6,44-6,46 (dd, 1H,
J=28 1,6 Hz), 4,50 (s 2H), 3,40-3 50 (m 4H) 3 15-3 25 (m 2H), 2,95-
3,05 (m, 2H), 2,60-2,80 (m 2H), 2 35-2 45 (m, 2H), 1,10-1,15 (m, 3H),
100-105(m 3H)

Ejemplo 4
Preparacién de N,N-dietil-4-{(3-hidroxifeml)]|1-(3-tientimetal

piperidiniliden]metil}benzamida (compuesto 11)

A una solucion a temperatura ambiente de amina secundana (500 mg, 1,37
mmol) en metanol (13 mL) se agrego tiofeno-3-carboxaldehido (144,0 uL,
1,65 mmol), seguido por acido acético (1 mL) La mezcla se agité durante

tres horas y luego se agregé cianoborohidruro de sodio (258 mg 4 11
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mmol) La mezcla de reaccién se agitd durante una noche lucgo sec agregd
agua y la mezcla se extrajo con cloruro de metileno La fase acuosa se
neutraliz6 con bicarbonato de potasio y se extrajo nuevamente con cloruro
de metileno Los extractos cloruro de metileno combinados se secaron sobre
sulfato de sodio anhidro, y se filtro y concentré bajo condiciones de presion

reducida Punficacién en fase reversa
(M-+1) calculado 461 64 (M+]) observado 461,07

Andhsis Calculado para (Cz23H32N2028 X 1,10 CoHO,F; X 0 50 H;0)
C 60,96% H 5,78%, N 4,71% Encontrado C 60 97% H 5,78%, N 4 65%

RMN 'H (CD,OD) 7,59 (dd, 1H J=32, 16 Hz), 749 (dd, IH J=52 32
Hz), 7,26 (d, 2H, J=8,0 Hz) 716 (d 2H J=8 0 Hz) 7,15 (m, 1H) 7 07 (dd
IH J=8,0, 7,2 Hz), 6,61 (dd, 1H J=8,0, 2,0 Hz), 6,55 (d 1H J=7 2 Hz),
6 47 (dd, 1H, J=2,0, 1 6 Hz) 429 (s 2H) 3 40-3 50 (m 4H) 3 15-3 25 (m,
2H), 2,95-3,05 (m, 2H), 2,60-2 80 (m 2H) 2 35-2,45 (m, 2H), 1,15-1,20 (t,
3H, J=6,4 Hz) 1 00-1,05 (t, 3H, J=6,4 Hz)

hidroxifenil)metil|benzamida (compuesto 12)

A una solucién a temperatura ambiente de amma secundana (500 mg, 1,37
mmol) en metanol (13mL) se agregd 2-furaldehido (136 0 pL. 1,65 mmol),
seguido por acido acético (1 mL) La mezcla se agité durante tres horas y
luego se agreg6 cianoborohidruro de sodio (258 mg 4,1 mmol) La mezcla
de reaccion se agité durante una noche luego se agregd agua y la mezcla se
extrajo con cloruro de mehleno La fase acuosa se neutralizd con
bicarbonato de potasio y se extrajo nuevamente con cloruro de menileno
Los extractos cloruro de metileno combinados se secaron sobre sulfato de
sodio anhidro, se filtraron y concentraron bajo condiciones de presién

reducida Purificacion en fase reversa

-19-



(M+1) calculado 445,57 (M+1) observado 445,13

Analisis calculado para (Cz.H;zNzOg X 130 CzHOng X 0,10 HzO)
C 61,81%, H 568% N 4 71%, Encontrado C 61,88%, H5 74% N 4 73%

RMN 'H (CD,OD) 758 (d, 1H, J=1,6 Hz), 7,26 (d 2H J=8 0 Hz) 7 16 (d
2H, J=8 0 Hz) 7,07 (t, 1H, J=8,0 Hz) 6,62-6 64 (m 1H), 6,60-6,61 (m,
1H) 6,53-6,55 (m 1H) 6 46-6,47 (m, 1H), 6,43-6 45 (m 1H) 4 34 (s, 2H),
340-3,50 (m 4H) 3,15-3,25 (m 2H) 295-305 (m 2H), 2,55-2,80 (m,
2H), 2 35-2 50 (m, 2H), 1,15-1 20 (t 3H J)=6,4 Hz), 1,00-1,05 (t 3H J=6 4
Hz)

Ejemple 6
Preparacién de N,N-dietil-4-]|1-(3-furilmetil)-4-piperidinihiden](3

hidroxifenil)metil|benzamida (compueste 13)

A una solucién a temperatura ambiente de amina secundana (300 mg, 0,82
mmol) en metanol (8 mL) se agregd 3-furaldehido (214 0 pL 2,47 mmol)
seguido por acido acético (0,5mL) y cianoborohidruro de sodio (155 mg
2,47 mmol) La mezcla de reaccidn se agité durante una noche, se extinguid
con bicarbonato de sodio y se extrajo con cloruro de metileno Los extractos
cloruro de metileno combinados se secaron sobre sulfato de sodio anhidro,
se filtraron y concentraron bajo condiciones de presion reducida

Purificacion en fase reversa
(M+1) calculado 445,57, (M+1) observado 445 15

Analisis calculado para (Cz3HiaN>O3 X 0,50 C;HO.F; X 0,10 H;0)
C 69,20% H 6 55% N 556% Encontrado C 69 14% H 6,57%, N 5,28%

RMN 'H (CDsOD) 7,75 (s, 1H), 7,61-7,62 (m, 1H), 7,33 (d, 2H, J=8,0 Hz),
7,23 (d, 2H J=8 0 Hz), 7,13 (dd, IH, J=8 4 8,0 Hz), 6,66-6,69 (m, 1H),
6,57-6,63 (m 2H), 6,51-6,53 (m, 1H), 4 22 (s 2H), 3,45-3,55 (m, 4H), 3 25-

-20 -



3,30 (m, 2H), 2,95-3 10 (m, 2H), 2,65-2 85 (m 2H) 240-255 (m 2H),
1,15-1,25 (m, 3H), 1,05-1 15 (m, 3H)

plperidiniliden]metil}benzamida (compuesto 14)

A una solucién a temperatura ambiente de amina secundaria (384,3 mg, 1,05
mmol) en metanol (10 mL) se agregd 2-pinndinacarboxaldehido (201,0 pL
2,11 mmol), segudo por dcido acético (1 mL) La mezcla se agito durante
30 minutos y se agregd luego cianoborohidruro de sodio (199 mg 316
mmol) La mezcla de reaccién se agito durante una noche, luego se agregd
agua y la mezcla se extrajo con cloruro de metileno La fase acuosa se
neutralizé con bicarbonato de sodio y se extrajo nuevamente con cloruro de
metileno Los extractos cloruro de metileno combinados se secaron sobre
sulfato de sodio anhidro se filtraron y concentraron bajo condiciones de

presion reducida Punficacion en fase reversa
(M+1) calculado 456 60 (M+1) observado 456,12

Andhisis calculado para (CayH3sN3;O; X 170 C;HOFs X 0,40 H,0)
C 59 26%, H 5,45%, N 6 40% Encontrado C 59,21%, H 5,46%, N 6,35%

RMN 'H (CD;0D) 8,57 (d, 1H J=52 Hz), 7,78 (dt, 1H, J=8,0, 1,2 Hz),
738 (d 1H, J=8,0 Hz) 734 (dd 1H J=8 0, 5,2 Hz), 7,24 (d, 2H, J=8 0 Hz)
715 (d, 2H, J=8,0 Hz) 7 05 (t, 1H J=8,0 Hz), 6,59 (dd, 1H, J=8 0 2 4 Hz),
6,54 (d, 1H J=8 0 Hz) 6,45 (dd, 1H, J=2,4 1,2 Hz) 439 (s 2H), 3 40-3,46
(m 2H), 3,26-3 34 (m 4H) 3,16-3,22 (m, 2H), 2,54-2,64 (m 4H) 1,13 (t
3H, J=6,4 Hz), 1,01 (t 3H J=6 4 Hz)

piperidinihiden] metil}benzamida (compuesto 15)
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A una solucién a temperatura ambiente de amina secundana (300 mg 0 82
mmol) en metanol (8 mL) se agregé 4-pindinacarboxaldehido (236,1 pL
2,47 mmnol), segumido por dcido acético (0,5ml) La mezcla se agité durante
30 minutos y luego se agregd cianoborohidruro de sodio (155 mg 2 47
mmol) La mezcla de reaccién se agité durante una noche, se extinguio con
bicarbonato de sodio y se extrajo con cloruro de metileno Los extractos
cloruro de metileno combinados se secaron sobre sulfato de sodio anhidro
s¢ filtraron y concentraron bajo condiciones de presién reducida

Purificacidn en fase reversa
(M+1) calculado 456,60, (M+1) observado 456 10

Anilisis calculado para (C29H33N302 X 1,80 CzHOng X 0,40 HzO)
C 58 61%, H 5,37% N 6,29%, Encontrado C 58 64% H 5,32%, N 6,46%

RMN 'H (CDsOD) 8,64 (s, 2H), 7,61 (d, 2H, J=5,2 Hz), 7,25 (2H, J=8,0
Hz), 7,14 (d, 2H J=8,0 Hz), 7,05 (t, 1H J=8 0 Hz), 6,59 (dd, 1H, J=8,0, 1,6
Hz), 6,53 (d, 1H, J=8,0 Hz) 6 43-6 46 (m, 1H), 4,34 (s, 2H) 3 42-3,44 (m,
2H), 3,18-3 24 (m 6H), 2,54-2,57 (m 4H) 1,13 (t, 3H, J=6,4 Hz), 1 02 (1,
3H, J=6,4 Hz)

Ejemplo 9
Preparacién de N,N-dietil-4-{(3-bidroxifen:l){1-(1 H-imidazol-2-1lmet1l)-

4-piperidinihden|metil}benzamida (compuesto 16)

A una soluci6n a temperatura ambiente de amina secundana (300 mg, 0,82
mmol) en metanol (8 mL) se agregé 2-imidazolcarboxaldehido (237,3 mg,
2,47 mmol), seguido por écido acético (0 SmL) y cianoborohidruro de sodio
(155 mg, 2,47 mmol) La mezcla de reaccion se agité durante una noche, se
extingmo con bicarbonato de sodio y se extrajo con cloruro de metileno Los
extractos cloruro de metileno combinados s¢ seccaron sobre sulfato de sodio
anhidro, se filtraron y se concentraron bajo condiciones de presién reducida
Punficacién en fase reversa

(M+1) calculado 445,58, (M+1) observado 445,16
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Anahsis calculado para (C27HaaN4O2 X 2,10 C,HO F; X 050 H,0)
C 54,07%, H 5,11%, N 8,08% Encontrado C 54 04% H 5 05% N 8 09%
RMN 'H (CD-OD) 738 (s 2H) 7 20-7 22 (m, 2H), 7 11 (d, 2H, J=8 0 Hz)
7,0(t, I1H J=8 0 Hz) 6 55 (dd, 1H J=8 0 3,6 Hz), 6,49-6,50 (m, 1H), 6,42-
6,43 (m, 1H), 4,08 (s, 2H), 3,41-3,43 (m, 2H), 3,18-3,20 (m, 3H), 2,79-2,82
(m 4H), 2,39-2,45 (m 4H) 108-1 16 (m 3H) 096-1 16 (m 3H)

Ejemplo 10

4-piperidinihiden|metil}benzamida (compuesto 17)

A una solucién a temperatura ambiente de amimna secundana (300 mg, 0 82
mmol) en metanol (10 mL) se agreg6 4(5)-1midazolcarboxaldehido (94,9 mg,
0,99 mmol), seguido por écido acético (0 5 mL) La mezcla se agité 1 hora y
luego se agrego cianoborohidruro de sodio (62,1 mg, 0,99 mmol) La
mezcla de reaccion se agité durante una noche se extinguié con bicarbonato
de sodio y se extrajo con cloruro de metileno Los extractos cloruro de
metileno combinados se secaron sobre sulfato de sodio anhidro, se filtraron
y concentraron bajo condiciones de presién reducida Purificacién en fase

reversa
(M+1) calculado 445 58, (M+1) observado 445,16

Andlisis calculado para (Cz;7H3N4O2 X 2,20 C,HO,F;) C 54 23%
H 4 96% N 8,06%, Encontrado C 54,43%, H 4,99%, N 7,73%

RMN 'H (CD,;0D) 8,54 (s, 1H), 7,57 (s, 1H), 7,23 (d, 2H, J=8,4 Hz), 7 13
(d, 2H J=8,0 Hz), 7,03 (dd, 1H J=8,0 7,6 Hz), 6,57-6,59 (m 1H) 6,51-
6,53 (m, 1H), 6,43-6,44 (m, 1H), 4,35 (s, 2H), 3,41-3,43 (m, 2H), 3 18-3,23
(m, 8H), 2,53-2,56 (m, 4H) 108-1 16 (m 3H), 0,96-1 04 (m 3H)

Elemplo 11
Preparacién de N,N-diet1l-4-{(3-hidroxifenil)]1-(1,3-t1azol-2-1lmetil

piperidinilidenimetil}benzamida (compuesto 18)
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A una solucidén a temperatura ambiente de amina secundaria (143 2 mg,
0,39 mmol) en metanol (4 mL) se agrego 2-tiazolcarboxaldehido (41,4 pL,
0,47 mmol), seguido por dcido acético (0,2 mL) La mezcla se agit6 1 hora y
luego se agrego cianoborohidruro de sodio (129 6 mg, 1 48 mmol) La
mezcla de reaccion se agité durante una noche, se extingmé con bicarbonato
de sodio y se extrajo con cloruro de metileno Los extractos cloruro de
metileno combinados se secaron sobre sulfato de sodio anhidro, se filtraron
y concentraron bajo condiciones de presién reducida Punficacion en fase

reversa
(M+1) calculado 462,63, (M+1) observado 462,10

Anélisis calculado para (CzyH3 N3OS X 1,10 C;HO:F; X 1,10 H.0)
C 57 79%, H 5,70%, N 6,92% Encontrado C 57,75%, H 5,60% N 7,13%

RMN 'H (CD,OD) 7,86 (d, 1H, J=4,0 Hz), 7,68 (d, 1H, J=4,0 Hz), 7,26 (d,
2H, J=8,0 Hz), 7,16 (d, 2H, J=8,0 Hz), 7,07 (dd 1H J=84, 8,0 Hz), 6 60-
6,62 (m, 1H), 6,54-6,56 (m 1H), 6,46-6,47 (m, 1H), 4 65 (s, 2H), 3,21-3,45
(m 8H), 2,56-2 58 (m, 4H), 1,12-1 20 (m, 3H), 1,00-1,08 (m 3H)

Composiciones Farmacéuticas

Los compuestos novedosos acordes con la presente imvencién pueden
administrarse por via oral ntramuscular, subcutinea, topica, intranasal
intraperitoneal intratoraxica imtravenosa epidural, mtratecal

intracerebrovenincular 0 mediante inyeccidn en las articulaciones

Las rutas de administracién preferidas son la oral la intravenosa o la

intramuscular

La dosificacién dependeré de la ruta de administracién, la sevenidad de la
enfermedad, edad y peso corporal del paciente y otros factores normalmente

considerados por el medico tratante en ¢l momento de determinar el régimen
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y mivel individual de dosificacién que resulte més apropiado para un

paciente en particular

En la preparacion de las composiciones farmaceuticas basadas en los
compuestos de la presente invencién, se pueden utilizar vehiculos
portadores 1nertes, farmaceuticamente aceptables, los cuales pueden ser
solidos 6 liguidos Entre las preparaciones en formas s6lidas se incluyen los
polvos, tabletas, granulados dispersibles capsulas, sobres y los

SuposItorios

Un portador sohdo puede tratarse de una o més sustancias las cuales pueden
también actuar como diluentes, agentes saborizantes, solubilizantes,
lubnicantes, agentes suspensores aglutinantes & agentes desintegrantes de

tabletas Pueden tambien tratarse de un matenial de encapsulacion

En el caso de los polvos, el vehiculo portador es un sélido finamente
divadido el cual se mezclard con el ingrediente activo finamente dividido
En las tabletas, ¢l ingrediente activo se mezcla con el vehiculo portador en
apropradas proporciones y con las propiedades de aglomeracién necesanas

para luego compactar dicha mezcla en la forma y tamaiio descadas

Para preparar composiciones en forma de supositorios se funde en pnmer
lugar una cera de bajo punto de fusion tal como una mezcla de gliceridos de
acidos grasos y manteca de cacao y luego se¢ dispersa el ingrediente activo
dentro de dicha mezcla por ejemplo por agitaciébn La mezcla fundida
homogénea luego se vierte en moldes del tamafio adecuado y se deja enfriar

y solidificar

Entre los vehiculos portadores apropiados se encuentran el carbonato de
magnesio ¢l estearato de magnesio talco lactosa azucar pectinas
dextrina, almidon goma tragacanto meticelulosa carboximetiicelulosa

s6dica, una cera de bajo punto de fusién, manteca de cacao y similares

Entre las sales farmacéuticamente aceptables se incluyen las sales acetato,

-25 -



bencenosulfonato, benzoato, bicarbonato, bitartrato, bromuro, acetato de
calcio, camsilato, carbonato cloruro citrato diclorhidrato, edetato
cdisilato estolato esilato, fumarato glucaptato, gluconato, glutamato
glicolilarsamlato hexilresorcinato hidrabamina bromhidrato clorhidrato
hidroxinaftoato  1setionato, lactato lactobionato, malato, maleato,
mandelato, mesilato metilbromuro metilmtrato metilsulfato mucato
napsilato, mitrato pamoato (embonate) pantotenato fosfato/difosfato,
pohigalacturonato, salicilato estearato subacetato, succinato, sulfato,
tannato tartrato teoclato trietilyoduro benzatina clorprocaina, colina,
dictanclamina etilendiamina meglumina, procama las sales de alummio

calcio Iitio magnesio, potasio, sodio y zinc

Entre los ejemplos de sales farmacéuticamente aceptables dentro del alcance
de la presente imvencién se encuentran  yodato perclorato y

tetrafluoroborato

Entre las sales farmacéuticamente aceptables preferidas se incluyen las sales

clorhidrato, sulfato y bitartrato

Particularmente prefer:das son las sales sulfato y clorhidrato

Con el térmmmo composicién se pretende ncluirr la formulacién del
ingrediente activo con matenal de encapsulacion a manera de vehiculo
portador con lo cual se proporciona una capsula en la cual el ingrediente
activo (con 6 sin otros vehiculos portadores) va rodeado por un vehiculo
portador el cual entra en asociacién con éste Simlarmente, también se

incluyen los sobres

Las tabletas, polvos sobres y capsulas pueden usarse como formas de

dosificaci6n solidas apropiadas para administracién oral

Entre las composiciones liquidas se incluyen las soluciones, suspensiones, y

las emulsiones Las soluciones acuosas & en agua-propilenghicol esteriles

-26 -

R ¥



9

de los compuestos activos pueden mencionarse como ejemplo de
preparaciones liquidas apropiadas para adminmistracion parenteral Las
composiciones liquidas pueden también formularse en solucién en forma de

soluciones acuosas de polhietilenglicol

Las soluciones acuosas para administracion oral pueden prepararse mediante
la disolucion del ingrediente activo en agua y agregando luego los
apropiados colorantes agentes saborizantes estabilizantes. y agentes
espesantes segun sea deseado Las suspensiones acuosas para uso oral
pueden prepararse por dispersion del ingrediente activo finamente dividido
en agua junto con un material viscoso tal como gomas naturales o sintéticas,
resinas metiicelulosa carboximenlcelulosa sodica v otros agentes

suspensores conocidos en el campo de la formulacién farmacéutica

Preferiblemente las composiciones farmacéuticas se encuentran en una
torma de dosificacion unitaria En dicha forma la composicion se divide en
dosis unmitarias que contienen las cantidades apropiadas de ingrediente
acnvo La forma de dosificacién umtaria puede ratarse de una preparacion
envasada o empacada en donde el envase/empaque contiene cantidades
discretas de las preparaciones, por ejemplo tabletas, capsulas y polvos
envasados en viales o ampollas La forma de dosificacién umitana puede
también encontrarse en forma de capsula, sobre, o tableta, & puede ir
empacada de modo que haya cierto numero de formas empacadas o

envasadas

FYALUACION BIOLOGICA
Modelo In Vitro

Cultivo de Celulas

A Se sembraron celulas humanas 293§ las cuales expresan los
receptores humanos clonados p 8 y x y la resistencia a la neomicina
en una suspensién a 37 °C y presencia de 5% de CO; en recipientes
con agitacién que contenian FBS al 10% en DMEM libre de caicio
BCS al 5%, Pluromic F-68 al 0,1%, y 600 pg/mL de geneticina

-27 -



B Se pesaron cerebros de raton y rata y se lavaron en PBS (que
contenia EDTA 2 5 mM, pH 7,4) enfriada con hielo Los cerebros se
homogeneizaron con un polytron durante 15 seg (raton) 6 durante 30
seg (rata) en buffer para hisis enfriado en hielo (Tris 50 mM pH 7 0
EDTA 2,5 mM, a lo cual se le agrego fluoruro de femlmetilsulfonilo
Justo antes de su uso hasta una concentracion de 0 5 mM partiendo de
un stock 0 5 M en DMSOQO etanol)

Preparacién de las membranas

Las celulas se peletizaron y se volvieron a suspender en el buffer de lisis
(Ins SOmM pH 70 EDIA 25 mM a lo cual se le agrego PMSF justo
antes de su uso hasta una concentracton de 0 5 mM partiendo de un stock
01 M en etanol) se mcubaron en hielo durante 15 min y luego se
homogeneizaron con un polytron durante 30 seg La suspension se
cenmtrifugo a 100 g (max) durante 10 min a 4 °C El sobrenadante se
recupero sobre hielo y los pellets se volvieron a suspender y centmfugar de
la forma antes descnta Los sobrenadantes provenientes de ambas
centrifugaciones se combinaron y se centrifugaron a 46 000 g (méx) durante
30 min Los pellets obtemidos se volvieron a suspender en buffer I'ms
enfriado (Tris/Cl 50 mM pH 7 0) y nuevamente se centnfugaron Los
pellets finales se volvieron a suspender en el buffer para membranas (50
mM de Tris 0 32 M de sacarosa, pH 7 0) Se tomaron alicuotas (de 1 mL)
en wbos de polipropileno y se congelaron en hielo seco/etanol y se
conscrvaron a -70 °C hasta ¢] momento de su uso Las concentraciones de
proteina se determinaron a través de un ensayo de Lowry modificado con
dodecilsulfato de sodio (SDS)

Ensayos de ligamiento

Las membranas sc descongelaron a 37 °C se enfriaron en hielo se pasaron
3 veces a traves de una aguja de calibre 25, y se diluyeron en el buffer de
ligamiento (50 mM de Tnis, 3 mM de MgCl; 1 mg/mL de BSA (Sigma A-
7888), pH 7.4, lo cual se conservo a 4 °C dcspués de la filtracién a traves de
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un filtro de 0,22 p y a lo cual sc le habia agregado recientemente 5 pg/mL
de aprotimina, 10 puM de bestatina 10 pM de diprotna A sin DIT) Se
agregaron alicuotas de 100 pL a tubos de polipropileno de 12x75 mm
enfriados con hielo que contenian 100 uL del radioligando apropiado y 100
nL de compuesto de prueba a diversas concentraciones Se determino el
Ligamiento Total (TB) y el higamiento No Especifico (NS) en ausencia y
presencia de naloxona 10 uM, respectivamente Los tubos se agitaron con
vértice y se imcubaron a 25 °C durante 60-75 min, después de lo cual se
filtr6 y lavo rapidamente al vacio con aprox 12 mL/tubo de buffer de
lavado entriado en hielo (50 mM de Tns, pH 7.0, 3 mM de MgCl;) a traves
de filtros GF/B (Whatman) pre-empapados durante por lo menos 2 hr en
pohetilenimina al 0,1% Se midio Juego la radioactividad (dpm) retemida en
los filtros usando un contador de rayos beta despues de empapar los filtros
durante por lo menos 12 hr en mamiviales que conteman 6-7 mL de fluido de
centelleo kn caso de que el ensayo se monte en una placa de
microvaloracion de 96 ortficios profundos lfa filtracién se reahiza en
unifiltros (unidades filtrantes) de 96 lugares de filtracion, pre-empapados
con PEL, los cuales se lavan con 3 x 1 mL de buffer de lavado, y se secan
en un horno a 55 °C durante 2 h Se rcaliza luego cl contco en las placas de
filtracién usando un TopCount (Packard) despues de la adicién de 50 uL de
fluido de centelleo MS-20/onficio

Ensayos Funcionales

La actividad agonista de los compuestos se midié por determinacion del
grado en el cual el complejo receptores - compuestos activa el ligamiento de
la GTP a las protefnas G a las cuales se acoplan los receptores En el
ensayo de ligamiento de GTP, la GTP[Y]*’S se combina con los compuestos
y membranas de ligamiento provementes de las células HEK-2935
expresantes de receptores opiaceos clonados humanos o provementes de los
cercbros homogeneizados de rata y ratébn Los agonistas estimulan el
ligamiento de la GTP[y]*’S en estas membranas La CEso y valores En. de
los compuestos se determnan a partir de curvas dosis-respuesta Se efectuan

corrimientos a la derecha de las curva dosis-respuesta mediados por el
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delta-antagonista (antagonista del receptor delta) naltnndol a fin de
verificar que la actividad agonista se encuentra mediada por los receptores
delta

Analisis de los datos

El ligamiento especifico (SB) se calculé como 1a resta de TB - NS y el SB
en presencia de diversos compuestos de prueba se expresé como porcentaje
del SB del control Se calcularon los valores de la Clsp y el coeficiente de
Hill (ny) para los ligandos referido al desplazamiento del radioligando
especificamente ligado, usando graficas logit 6 programas de ajuste de
curvas tales como Ligand, GraphPad Prism SigmaPlot, &6 ReceptorFit Los
valores de K, se calcularon a partir de la ecuaci6n de Cheng-Prussoff Se
reportan los valores promedio S EM (mediana del error estdndar) de la
Clso, K, y ny para los ligandos sometidos a prueba en por lo menos tres
curvas de desplazamiento Los datos biolégicos se encuentran tabulados en

las siguientes paginas
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Tabla 1 Datos Biolégicos

E} | ESTRUCTURA MOLECULAR | HDELTA HDELTA CEREBRO DE CEREBRO DE
# _ RATA RATON
CEsp| %E | CEsp | %E CEsy | % E méx
midix miéic
2 0408 01 [10408| 086 1122 079 103 77
m”}
He ]
o’
3 0521 |015 | 9818 | 093 |167 51 152 188 38
ol
He
1> 7]
&
4 0368 [0,152| 6460 | 0398 [13860| 057 144 70
HE
&
5 02886 |008 {9478 | 081 |132,00] 107 134 16
HC™N
wJ on
8 01968 {0088 8330 | 0133 | 1584 o221 168170
He
HC OH
&
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Tabla 1 Datos Bioldgicos (continuacidn)

E] | ESTRUCTURA MOLECULAR | HDELTA HDELTA CEREBRO DE CEREBRO DE
# __RATA RATON
CEsp| %E CEm % E CEsp | % E méx
miéix miix
7 0209 | 007 |10320| 033 [13488] 055 137,63
H'ch
j (f\w
He
L"JJ
8 0 346 03 |[11234]| 33 8144 485 78 19
H’GA
B o
CHN
9 0117 |027 | 1081 | 068 [15101| 081 135 96
ne ™
H’c)/&%(loﬂ
'
10 WE N 0172 {048 {10723 | 464 |10193| 508 10353
we? oH
N
e"J)
i
1 0282 1034 111537 | 299 |11982| 219 117 99
HE™ ™ N
e -
&
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Expennmentos de saturacién de receptores

Se determinaron los valores K3 de radioligandos realizando ensayos de
ligamiento en las membranas celulares usando los apropiados radioligandos
a concentraciones que variaban de 0,2 a 5 veces 1a K& estimada (hasta 10
veces, s1 las cantidades de radioligando requeridas lo permiten) EI
ligamiento especifico del radioligando se expreso en pmol/mg de proteina
de membrana Los valores de K& y Bméx de los experimentos individusles
se obtuvieron a parir dc ajustes no lincares del radiohgando
especificamente ligado (B) versus nM del radioligando libre) de acuerdo a

un modelo de un solo sitio

DETERMINACION DE LA MECANO-ALODINIA USANDO LA PRUEBA
DE VON FREY

La prueba se ejecutd entre las 08 00 y 16 0 horas usando el método descrito
por Chaplan et al (1994) Las ratas se colocaron en jaulas de Plexiglas
encima de una malla de alambre que permitia el acceso a sus garras, y se
dejaron habituar al ambiente durante 10-15 mm El drea de prueba fue la
porcién media plantar de las patas traseras, evitando aquellas porciones
plantares menos sensibles La garra se tocd con una serie de 8 pelos Von
Frey con una dureza logaritmicamente incrementada (0,41, 0,69 1,20, 2,04,
3,63, 550 8,51, y 15 14 gramos, Stoelting, 111, USA) EIl pelo de von Frey
se aplicé desde abajo del piso de la malla de alambre, en forma
perpendicular a la superficie plantar, con suficiente fuerza para causar un
ligero combamiento de la garra, y se sostuvo durante aproximadamente 6-8
segundos Se registraba como respuesta positiva el hecho de que la garra
fuera ripidamente retirada El estremecimiento del ammal inmediatamente
después de la remoci6n del pelo también se considerd6 como respuesta
positiva La deambulacién se consideré como una respuesta ambigua, y cn

tales casos el estimulo tenfa que repetirse

PROTOCOLO DE LA PRUEBA

Los animales se sometieron a prueba cumphido el dia postoperatorio 1 en el
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grupo tratado con FCA EIl umbral del retiro 50% se determino usando el
método de Dixon, hacia arnba/hacia abajo (1980) La prueba comenz6 con
el pelo de 2,04 g, en 1a mitad de la sene Los estimulos se proporcionaron
de manera consecutiva, ya sea de manera ascendente o descendente En
ausencia de una respuesta de retiro de la pata ante el pelo imicialmente
seleccionado, se utilizaba un estimulo més fuerte, y s1 habfa retiro de la
pata se escogia el sigmente estimulo més débil El célculo 6ptimo del
umbral por este metodo exige 6 respuestas en la inmediata vecindad del
umbral 50%, y el conteo de tales 6 respuestas comenzd cuando ocurna el
primer cambio en la respuesta vg, el umbral que fue primeramente
cruzado En aquellos casos en donde los umbrales caian por fuera del rango
de estimulos, se asignaron valores de 15,14 (sensibihdad normal) 6 0,41
(maximamente alodinico), respectivamente El patrén resultante de
respuestas positivas y negativas se tabuld usando la convencién, X = no

retiro, 0 = retiro, y €l umbral de retiro 50% se interpolé usando la formula

Umbral 50% g = 10 *'*£3) / 10 000

en donde xf = valor del ultimo pelo von Frey usado (umidades log), k =
valor tabular (tomado de Chaplan et al , (1994)) para el patrén de respuestas
positivas / negativas y 8 diferencia promedio entre los eshmulos (umidades

log) En el presente caso, § = 0,224

Los umbrales de von Frey se convirtieron a porcentaje de efecto maximo
posible (% MPE sigla en 1nglés), segun Chaplan et al 1994 Se usé la

siguiente ecuacidn para calcular el % MPE

% MPE = Umbral de tratados con la droga (g) — umbral de alodinia (g) X 100
Umbral de Control (g) umbral de alodinia (g)

ADMINISTRACION DE LA SUSTANCIA DE PRUEBA
Las ratas se inyectaron (subcutanea, intraperitonca, intravenosa u

oralmente) con una sustancia de prueba antes de la prueba de von Frey el
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tiempo entre la administracion del compuesto de prueba y 1a prucba de von

Frey vanaba dependiendo de la naturaleza del compuesto de prueba

PRUEBA DE WRITHING

El 4cido acético causa contracciones abdominales cuando se adminmistra
intraperitonealmente en ratoncs Estos estiraran sus cuerpos en un patrdn
tipico Al administrar drogas analgesicas tal movimiento caracteristico se
observa con mucha menor frecuencia y la droga scleccionada que lo

disminuya sera una excelente candidata a ser analgésica

Un reflejo completo y tipico de Wnithing se considera unicamente cuando
estin presentes los siguientes elementos el amimal no se encuentra en
movimiento la porcién inferior de la espalda se encuentra ligeramente
depnmida (bajada), el aspecto plantar de ambas garras es observable En
este ensayo los compuestos de la presente imvencion demuestran una
significativa 1nhibicién de las respuestas de Wrnthing después de la

dosificacion oral de 1-100 pmol/kg

() Preparacién de las soluciones

Acido acetico (AcOH) 120 pL de écido acetico se agregan a 19,88 mL de
agua destilada para obtener un volumen final de 20 mL con una
concentracton final de 0,6% de AcOH La solucion luego se mezcla (en

remolino) y se alista para inyeccion

Compuesto {droga} Cada compuesto s¢ prepara y disuelve en el vehiculo

més apropiado acorde con los procedimientos estandares

(iI) Administracién de las soluciones

El compuesto (droga) se admimistra por via oral intraperitoneal (1p ),

subcutanea (s ¢ ) 6 mtravenosa (1 v ) a una dosis de 10 mL/kg (tomando en
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cuenta el peso corporal promedio de los ratones) 20, 30 6 40 minutos
(segun la clase de compuesto y sus caracteristicas) antes de la prueba Si el
compuesto se administra centralmente Infraventricularmente (1cv) &

intratecalmente (1t ) debe adminmistrarse un volumen de 5 pL

El AcOH se administra intrapenitonealmente (1 p) en dos sitios a dosis de 10
mL/kg (tomando en cuenta el peso corporal promedio de los ratones)

inmediatamente antes de la prucba

(m) Proeba

El amimal (ratén) se observa durante un periodo de 20 minutos y el nimero
de eventos reflejos (reflejo de Wnthing) se anota y compila al final del
experimento Los ratones se mantienen en jaulas tipo caja de zapatos” con
cama Se observa usualmente un total de 4 ratones al mismo hempo uno de

control y tres con dosis de la droga
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Relvindicaciones
1 Un compuesto de férmula I
|
“ O
CH,) | OH
J
en donde

R se selecciona del grupo conformado por

)

(12)

(m)

()

4]

feml ©
piridiml
N
®
tieml
S
W
furanil
o)
W
mmdazolil
N
W
N
triazohl H
N\
»
—N
H
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(vi1) tiazolil N

S
S

en donde cada amillo fenilico R! y cada anillo heteroaromético R' pueden,
opcionalmente ¢ mndependientemente, it adicionalmente sustituidos con 1, 2
6 3 sustituyentes seleccionados entre alqul C,-C¢ de cadena recta ¢
ramificada, NO,;, CF3, alcoxa C;-Cg, cloro, fluoro, bromo, y yodo,

como también las sales de éste,

2 Un compuesto acorde con la Reivindicacién 1, en donde cada amillo
fenilico R' y cada amllo heteroaromitico R' pueden de manera
independiente 1r adiczonalmente !sustmudos con 1, 2 6 3 sustituyentes
seleccionados entre metil, CF;, cloro, fluoro, bromo, y yodo

3 Un compuesto acorde con la Reivindicacién 1, en donde cada amllo
fenilico R! y cada amllo heteroaromitico R' pueden de manera
independiente ir adicionalmente sustituidos con un grupo metil

4 Un compuesto acorde con la Rewvindicacién 1, en donde R' es
pindimil, tiemil 6 furamil

5 Un compuesto acorde con la Reivindicacién 1, seleccionado del grupo
conformado por

° N,N-diet1l-4-(3-hidroxilfenil-N-bencil-pipendin-4-ihden-metil)-
benzamdas,

o N N-diet1l-4-{(3-hadroxafemil)f 1-(2-tienilmettl)-4-
pripernidimhiden]metil }benzamida,

D N N-diet1l-4-{(3-hudroxafeml)[1-(3-tien1lmetl)-4-
pipertdimliden]metil}benzamida,

D N N-dietil-4-[[ 1-(2-funilmetil)-4-pipenridiniliden](3-
hidroxifenil)met:l]benzamida,
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N N-dietil-4-[[1-(3-funlmeti])-4-pipendimliden](3-
hidroxafemil)menljbenzamida,

N N-dietal-4-{(3-ladroxifem)] 1-(2-pindimimet:1)-4-
pipenndimliden)metil }benzamuda,

N,N-diet1l-4-{(3-mdroxifeml)[1-(4-pindinilmet:1)-4-
pipenndimhiden]metil }benzamida,

N N-dietil-4-{(3-hidroxifeml)[ 1-(1H-1midazol-2-1lmetil)-4-
pipenidimiliden]metil}benzamida,

N N-dietil-4-{(3-hadroxafeul)[1-(1H-1midazol-4-1lmetil)-4-
piperidmihiden]metil} benzamida, y

N N-diet1l-4-{(3-ludroxifeml)[1-(1,3-tiazol-2-1lmet1l)-4-
piperidimliden]metil }benzamida

Un compuesto acorde con cualquiera de las Reivindicaciones

precedentes, en forma de sus sales clorhidrato, diclorludrato, sulfato,
tartrato, ditrifluoroacetato 6 citrato

Un proceso para la preparacién de un compuesto de férmula I,

proceso que comprende la reaccién de un compuesto de férmula general II

0
H,C” N

HyC

en donde PG es un grupo protector tipo uretano 6 tipo bencil, como por
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e¢jemplo Boc, con dcido 3-hidroxifenil bérico, usando un catahizador a base
de paladio en presencia de una base para obtener un compuesto de férmula
general III,

/\N T
e UKL,

N
I

PG I

compuesto el cual luego se desprotege bajo condiciones esténdar, y se
alquila bajo condiciones reductoras con un compuesto de férmula genersl

R'-CHO, para producir asi compuestos de férmula general I
8 Un compuesto acorde con la Reivindicacién 1 de uso en terapia

9 Un compuesto acorde con la Reivindicacién 8, en donde la terapia es
¢l manejo del dolor

10 Un compuesto acorde con la Reivindicacién 8, en donde la terapia se
dinige a los des6rdenes gastrointestinales

11  Un compuesto acorde con la Reivindicacién 8, en donde la terapia se
dinige a las lesiones de la columna vertebral

12  Un compuesto acorde con la Reivindicacién 8, en donde la terapia se

dinge a los desérdenes del sistema nervioso simpético

13  El uso de un compuesto acorde con la férmula I de la Reivindicacién
1, para la manufactura de un medicamento Gtil en el tratamiento del
dolor, desérdenes gastrointestinales o de lesiones de la columna
vertebral
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Una composicién farmacéutica que comprende un compuesto de
férmula I acorde con la Reivindicacién 1 como ingrediente activo,
Junto con un vehiculo portador farmacéuticamente aceptable

Un método para el tratamiento del dolor, mediante el cual una
centidad eficaz de un compuesto de férmula I acorde con Ia
Rervindicacidn 1, se adminustra a un sujeto en necesidad de manejo
del dolor

Un método de tratamiento de desérdenes gastrointestinales, mediante
el cual una canttdad eficaz de un compuesto de férmula I acorde con

la Reivindicacién 1, se admimistra a un sujeto que sufra dicho

desorden gastrointestinal a

Un método de tratamuento de lesiones de la columna vertebral,
mediante el cual una cantidad eficaz de un compuesto de férmula I
acorde con la Reivindicacién 1, se admimstra a un sujeto que sufra
dicha lesi6n espinal

Un compuesto de férmula general 11
0
H,C~ N

H,C

en donde PG es un grupo protector tipo uretano 6 bencil
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