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E Patente de invencitn

SOLICITUD DE:
[[] Patente de Modelo de Utilidad

[l cepituiol. B3 capitulon.
® IDENTIFICACION
Nombre: SANOFI-SYNTHELABO
cc. ] w~r [O
. ce.[] oto [
Direccidn: 174, avenue de France; F-75013
s L Parls, Francla
"(’.;I;‘"TE Nacionslidad o Domiclllo; Paris, Francia.
Luger de Conatitucién: Francla
Teléfono: 3264270 Fax: 6069701 Nimero
E-mall: Jicco@lloredacamacho.com
@ Nombre: JOSE ANTONIO LLOREDA cec. X Nt [
Di ion: Calle 72 No. 5-83 . 'C.E. Otro
REPRESENTANTE| Direccidn: Calle 72 No. 5-83 Plso So L1 L]
O APODERADO Cual ____
Teléfono: 32684270 Fax: 6089701 Nimero 17.158.881 TP10.784
E-mall: Jicco@lloredacamacho.com
@ Nombre: GALLI, Frédéric; LECLERC, Odile; LOCHEAD, Alistair y NEDELEC, Alain.
INVENTOR(ES Direcclén: 6, avenue de Rueil, F-92420 Veucresson; 11, rue Winston Churchill, F-91300|
(72) Massy; 95, rue de Parig, F-94220 Charenton le Pont y 76 rue Lecourbe, FR-75015.
Naclonalldad o Domicilio: FRANCIA
. PCT (86)
Solicitud Intermacional No. PCT/FR03/00004 Fecha: 03-01-2003
Publicacién intemaclional No. _WO 03/057807 A1 Fecha: _17-07-2003
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@ Clasificaclén Internaclonal (51) CO7D 471/08 P\-6 ]K3 i; 4 33

@ Prioridad
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(33) Pais de Origen (32) Fecha (31) Nitmero de Solicitud
FR 07-01-2002 02/00109

@ Comprobante de Pago No.

04-44.513

Fecha: Jynio 3, 2004
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ANEXOS
4 )
E Comprobante de pago de la tasa de presentacidn de ia solicitud.
L}
g Documento que acredita la existancla y representacion legal cuando el solicitante sea persona juridica.
x Documento de Reprasentacién Legal.

D Documento de cesién del Inventor al sollcitante o a su causants.
D Declaraciones

D Copla de |a solicitud Intemacional. (Resumen, descripcién, relvindicaciones, dibujos)
Traduccidn de la solicitud intemacional al castellano. (Resurmen, descripcion, reivindicacionas)

|:| Copia del examen preliminar intemacional efectuado por la Autorided Internacional de Examen Preliminar
(IPEA).

|:| Traduccion del examen preliminar intemacional efectuado por la IPEA.
D De ser el caso, copla del contrato de acceso.

D De ser ol caso, documento que acredits la licencla o autorizacién de uso de conocimientos tradicionales de
las comunidades indigenas.

[] De ser el caso, modificaclones efectusdas a 1a solicitud internacional.

E Otros: rte de Blsqueda [ntemacional con su fraduccién, Anaxos Reporte de Blusqueda intemacional,
Publicacion con su traduccién y Solicitud de Examen Preliminar.

BX Arte Final 12x12.
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ANEXO

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 para TODOS LOS ASUNTOS
RELACIONADOS CON LA PROPIEDAD INDUSTRIAL de la
sociedad peticionaria, que faculta a cada uno de dichos abogados
para actuar individualmente, se esta presentando con esta solicitud.
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 intervenir en

cualquier tiempo respecto de la solicitud en &l contenida.

T.P. No. 10.784
Cédigo 231



TRADUCCION OFKICIAL No 705

TRADUCCION DE UN DOCUMENTO PRESENTADO EN INGLES. PODER DE
REPRESENTACION LEGAL OTORGADO A JOSE ANTONIO LLOREDA Y/O
GUSTAVO TAMAYO Y/O ANGELA MARIA RESTREPO Y/O ALICIA LLOREDA
Y/O JOSE LLOREDA CAMACHO por SANOFI-SYNTHELABO.

PODER

Dado y fimado el 14 de Agosto, 2001
Firmado:  Christophe LELIEUR — Abogado de Marcas

EL NOTARIO DEBE FIRMAR AL RESPALDO

Visto para certificacion de fa firna del Sr. Christoph e-apafscd en
] couo ROTARIC 3 ,;2’;;-.-.'1";-'.?: ' o
documento adjunto -%mmmau e oy

Firmado: (fima ilegible)

£
; k-
)/M_—

“/—q’
KATIA SALAMANCA DE APREY
' IREOUCIOR ORCIAL
ger . MIMIUSTIGA 3264



SANOFI-SYNTHELABO

Sociedad Anonima con un capital de 1 462 286 436 Euros
Sede social: 174, avenue de France 75013 PARIS
395 030 844 R.C.S. PARIS

SUBDELEGACION DE PODERES

El Directar Jurldico, debidamente facultado para tal efecto por medio del presente
por delegacion de poderes, a 19 de Mayo de 1999 del Sefior Jean-Francois
DEHECQ, Presidente de la Junta Directiva de la sociedad SANOFI-
SYNTHELABO,

Subdelega a Christophe LELIEUR, Jurista del Departamento de “Marcas”,
empleado del SANOFI-SYNTHELABO GROUPE, sociedad anénima con un capital
de 26 216 576 Euros, con sede social en 174, avenue de France 75013 PARIS —
Francia — habiendo precisado que la sociedad SANOFI-SYNTHELABO GROUPE
es propiedad 100% de la sociedad SANOFI-SYNTHELABO, a fin de que haga uso
de ellos en nombre y por cuenta de la sociedad SANOFI-SYNTHELABO, los
poderes de:

e Requerir del Instituto Nacional de la Propiedad Industrial, o de toda oficina
extranjera nacional o supranacional, el depdsito y el registro de toda marca,
todo modelo, disefio, sigla, logotipo, y de llevar a cabo todas las formalidades
necesarias a efecto de obtener su registro; .

» Fimar todo documento necesario para el depdsito, para la conservacion y para
todo procedimiento relativo a las marcas y modelos, incluyendo especialmente
el procedimiento de oposicién, y efectuar todas las formalidades necesarias a
efecto de asegurar el mantenimiento en vigencia, la proteccién, la defensa o el
retiro de dichas marcas y modelos.

Y, en consecuencia, presentar todas las solici q; as los
documentos, pagar todos los impuestos, retl ‘"“ u‘l‘%utmr los

poderes total o parcialmente, y hacer en geneg PR G2 ) f‘ﬁpara la
03 ¢
;«'s..i‘ l "9% ﬁn

ejecucion de la presente delegacion.
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APOSTILLA

(Convencién de La Haya del 5 de Octubre 1961)

1. Republica Francesa

El presente acto publico
2. ha sido fimmado por el Sr. KOENIG
3. actuando en su condicién de NOTARIO .
4. lleva el sello del SU OFICINA

CERTIFICADO

5. En Parls, el 23 de Agosto, 2001
7. Por el Procurador General de la Corte de Apelacién

8. Bajo el No. 557982 /01

9. Sello de la Corte de Apelacion de Parls.

PRt it Al iaaic
Fasedl o Mo e g
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SECRETARIA DEL TRIBUNAL DE COMERCIO DE PARIS
1 QUAI DE CORSE
75181 PARIS CEDEX 04

REFERENCIA 0100099601 / MINITEL

EXTRACTO DEL REGISTRO COPORATIVO
- EXTRACTO KB®

MATRICULA EN EL REGISTRO CORPORATIVO
EN LA FECHA: MAYO 18 1994

NUMERO DE REGISTRO DE COMERCIO:
R.C.S. PARIS B 395 030 844 (1989B00375)
EXTRACTO DE: Julio 19, 2001

INFORMACIONES RELATIVAS A LA ENTIDAD CORPORATIVA
RAZON SOCIAL
SANOFI-SYNTHELABO

F RMA JURIDICA: SOCIEDAD ANONIMA
C N UN CAPITAL DE: 1,462,883,492 EUROCS

DIRECCION DE LA SEDE PRINCIPAL

1 74 AVENUE DE FRANCE
75013 PARIS, FRANCIA )ti/é‘_‘: 3
RALIA SALAMERA Ge T

JRADUCIORA (‘.ﬂ(l..:\_
PES. MINJUSTICIA 3288
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DURACION DE LA SOCIEDAD: HASTA MAYO 18, 2093
FECHA DE CIERRE DE CUENTAS EL 31 DE DICIEMBRE

CONSTITUCION: :
PRESENTACION DEL ACTA: MAYO 17 1884, No. 011745, ANTE EL
REGRISTRADOR DEL TRIBUNAL COMERCIAL DE NANTERRE

PUBLICACION LEGAL: MAYO 12, 1994, LA GAZETTE DU PALAIS

TRANSFERIDO DE NANTERRE

PRESENTACION DEL ACTA EN LA SECRETARIA DE PARIS EL 11 DE ENERO
1988 NUMERO 000450

PUBLICACON LEGAL DE LA NUEVA SEDE: DICIEMBRE 24, 1998 L&

PUBLICATERUR LEGAL.

ADMINISTRACION

PRESIDENTE DE LA JUNTA DIRECTIVA
SR. DEHECQ, JEAN-FRANCOIS

FECHA NACIMIENTO: ENERO 1, 1940
LUGAR DE NACIMIENTO: 44000 NANTES
PAIS: FRANCIA
NACIONALIDAD: FRANCESA
DIRECCION: 28, BUE ADRIEN:M
784 SLAO NOTAMGD MATE DI\ EIRCULG

OO :

DIRECTOR 7 :
DIRECCION: LORBAMIEES 3c5n: Be. -?p.m SALAMANCA TE 17!
) p Juhnum'm'l._rim:gnﬂ'ﬁamﬁu. TRADUCTORA CRICIAL

14, RES. MKIUSTICA 3288



75008 PARIS, FRANCIA

REGISTRO CORPORATIVO DE PARIS No:

REPRESENTADO POR:

FECHA NACIMIENTO:
LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

R.C.S B632012100

SR. SOMNOTET, MICHEL PIERRE RAQUL
FEBRERO 8, 1840

37110 CHATEAU RENAULT

FRANCIA

FRANCESA

52 AVENUE BOSQUET

75007 PARIS, FRANCIA

FUNCIONARIO EJECUTIVO JEFE & DIRECTOR

FECHA NACIMIENTO:
LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

DIRECTOR:

FECHA NACIMIENTO:
LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

SR. GUERIN, HERVE BERNARD LUCIEN
JULIO 4, 1941

RABAT

MARRUECOS

FRANCESA

17, AVENUE DE MADRID -
92200 NEULLY-SUR-SEINE, FRANCIA

SR. BARSI

- Wy »

b

T

fhl-i T T [
FRANCESA-UANBARUEL 86 rkie, g

NOTAR1G) P
26, RUE BAmBE?IOU-Yu. ‘-

. Lt

TIA SATAMARLA -.".
“ TRADUCTORS  OFICIAL
BES, MRIUSTICA 3168



DIRECTOR:

FECHA NACIMIENTO:
LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

DIRECTOR:
DIRECCION:

75007 PARIS, FRANCIA

SR. CASTRES SAINT-MARTIN, PIERRE HENRI
JOSEPH GUY

ABRIL 12, 1936

92100 BOULOGNE-BILLANCOURT
FRANCIA

FRANCESA

11, RUE DE PORTO-RICHE

92190 MEUDON, FRANCIA

ELF AQUITAINE S.A.

TOUR ELF

2, PLACE DE LA COUPOLE

LA DEFENSE 6

92400 COURBEVOIE, FRANCIA

REGISTRO CORPORATIVO DE NANTERRE No.:

REPRESENTADO POR:

FECHA DE NACIMIENTO:

LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

R.C.S. B 552120784
SR. LEON, JEAN-PAUL EMMANUEL
JULIIO 27, 1937

75016 PARIS 16™ ARRONDISEMENT

FRANCIA
5 DE WOSOTA, HADO N SONITAR aua L4

FRANCESA FOTOKaMA cusmu GO a1,
10%'%, AVENUE @s

75005 PARIS, FBANW k:
LR e

B como nn-mno saxvo muneum

0

TIA SAL LAMANCA

" TRADUCTORA QRICIAL
RES. MINIUSTICA 3288
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DIRECTOR:

FECHA DE NACIMIENTO:

LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

DIRECTOR:

FECHA DE NACIMIENTO:

LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

DIRECTOR:

FECHA DE NACIMIENTO:

LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

DIRECTOR:

FECHA DE NACIMIENTO:

SR. DE GENNES, PIERRE GILLES ROBERT
YVES

OCTUBRE 24, 1932

75018 PARIS 16™ ARRONDISEMENT
FRANCIA

FRANCESA

10, RUE VAUQUELIN

75005 PARIS, FRANCIA

SR. OWEN JONES, LINDSAY HARWOOD
MARZO 17, 1946
WALLASEY
REINO UNIDO
BRITANICA
14, RUE ROYALE
75005 PARIS, FRANCIA

SR. WEYMULLER, STANISLAS BRUNO HENRI
ERNEST

SEPTIEMBRE 5, 1948

68100 MULHOUSE
FRANCIA
FRANCESA

12, RUE PAUL-VALEg ; XV,
75005 PARIS, me"ﬁmiﬂ'

Tm:g"o MECH,, § .

= T '-.-_-;:‘

SR. CASTAIGNE, ROBERT MARIE PAUL
ABRIL 27, 1946

‘ KATIA A SALAMARCA pE »3REY

oL
1RA0UCTORA AN .
RES. NaNIISHUA 3238
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LUGAR NACIMIENTO: 52100 ST DIZIER

PAIS: FRANCIA

NACIONALIDAD: FRANCESA

DIRECCION: 8, AVENUE CHARLES DE GAULLE

82100 BOULOGNE BILLANCOURT

DIRECTOR: SR. DESMAREST THIERRY

FECHA DE NACIMIENTO: DICIEMBRE 18, 1945

LUGAR NACIMIENTO: 75012 PARIS, 12™ ARRONDISEMENT
PAIS: FRANCIA

NACIONALIDAD: FRANCESA

DIRECCION: 189 BOULEVARD SAINT GERMAIN

75007 PARIS, FRANCIA

AUDITOR LEGAL TITULAR

ERNST & YOUNG AUDIT S.A.
DIRECCION: 4 RUE AUBER

75008 PARIS, FRANCIA
REGISTRO CORPORATIVO DE PARIS No.:

R.C.S. B344366315

AUDITOR LEGAL TITULAR
BEFEC-PRICE WATEM
DIRECCION: 11, RUE MARGUERI &% T

75017 PARIS, FRANGII& 1 003 *-2:?

REGISTRO CORPORATIVO DE PARIS No.: o *ﬁ';- X Ty
R.C.S. Be72006483§,“::‘""%,ggr;m win,
“’h:l'.-u' AL -
A

S———
KATIA SALAMAR(A DE ABREU
JRADUCTORA OFICIAL
RES. MINJUSTICIA 3788



AUDITOR LEGAL SUPLENTE:

FECHA NACIMIENTO:
LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

AUDITOR LEGAL SUPLENTE:

FECHA NACIMIENTO:
LUGAR NACIMIENTO:
PAIS:
NACIONALIDAD:
DIRECCION:

ORIGEN DE LA COMPANIA:

SR. PERRIN, BRUNO
DICIEMBREE 3, 1855

NUEVA YORK

ESTADOS UNIDOS DE AMERICA
FRANCESA

100, RUE RAYMOND-LOSSERAND
75014 PARIS, FRANCIA

SR. DENIZEAU, JACQUES
OCTUBRE 23, 1948

49 ANGERS

FRANCIA

FRANCESA

11, RUE MARGUERITTE
75017 PARIS, FRANCIA

INFORMACION RELATIVA A LA ACTIVIDAD COMERCIAL:

ESTA COMPARIA, YA CONSTITUIDA,

TRANFIERE SUSEDE PRING?PAL DE 2,

PLACE  DEf %P Aotano G 92400

COURBEVOIEZEE AN Bac:

A PARTIR DE IEIEMWBE gmfs 88 No. DE

REGISTRO EﬂqufORATlvo ANTERIOR
JUANS VaL sy

04B02508 4 :ﬁéﬁﬁ,gnau }

LA S

EATIN SALAMANCA DE ABREd
fRaryZIORA ORI L 9
RES. AUSTICIA 3184



ORIGEN DEL NEGOCIO: ESTABLECIMIENTO

ACTIVIDAD CORPORATIVA: TOMA DE INTERESES Y DE
PARTICIPACIONES EN TODAS LAS
EMPRESAS o) SOCIEDADES
ESPECIALMENTE EN LOS SECTORES DE LA
SALUD Y DE LA QUIMICA FINA, DE LA
TERAPEUTICA HUMANA Y ANIMAL, DE LA
NUTRICION Y DE LAS BIOINDUSTRIAS.

DIRECCION DEL ESTABLECIMIENTO PRINCIPAL
174, AVENUE DE FRANCE
75013 PARIS, FRANCIA

- COMIENZO DE LA OPERACION MAYO 11, 1994

MODO DE OPERACION DIRECTA

SIXTO L
FOTOCOMA COINCIDN CON I, Dmyga
=
OBSERVACIONES E,:;-Jg'-;"‘“v . 29"5
FECHA: 11 DE ENERO 1999 T, G L
OBSERVACION No. 81033 Sammumasndigrarodls v vmcd

LA COMPANIA NO MANTIENE NINGUNA ACTIVIDAD EN

LA ANTIGUA SEDE PRINCIPAL
FECHA: 16 DE JUNIO 1999 mfﬁﬁ“"“
OBSERVACION No. 16154 KATIA SALA

. iy
{RANUTIORA QF
RES. NARIUSTICHA 1288

10
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COMPANIA QUE PARTICIPO EN LA FUSION:
NOMBRE CORPORATIVO: SANOFI
ESTRUCTURA LEGAL: SOCIEDAD ANOMINA
SEDE PRINCIPAL: 174, AVENUE DE FRANCE
75013 PARIS, FRANCIA
REGISTRO CORPORATIVO DE PARIS No.: _
R.C.S. 732 059 332

FECHA: JUNIO 29, 1999
OBSERVACION No. 18854
COMPARIA QUE PARTICIPO EN LA FUSION:
NOMBRE CORPORATIVO: SYNTHELABO

ESTRUCTURA LEGAL: SOCIEDAD ANOMINA
SEDE PRINCIPAL: 22, AVENUE GALILEE
92350 LE PLESSIS-ROBINSON,
FRANCIA '

REGISTRO CORPORATIVO DE NANTERRE No.:
R.C.S. B572 140 945

EXTRACTO EXPEDIDO EN PARIS, FRANCHESEPTOS e SURRERTID01, EN 4
PAGINAS. ﬁ""""..':'.“..‘.";".ﬁ::.m . omounsif
f "r fL 11 NOV 200 )
EL REGISTRADOR, .Hﬁ:‘,& FEARTW o
iuAN m.m':sl. BOTHRUBESIA *
L L [ LT
Firma (en blanco ansy
( ) Kallh SaLamaca o1 el
ey in2a '\-..l L
DERECHOS DE REGISTRO DEL TRIBUNAL pec  enjuSHOA 5288

11



{Decreto 86.1098 de Octubre 10, 1986) antes de impuestos: 0.00 FRF

EXTRACTO DE REGISTRO CORPORATIVO

EXTRACTO DE MAYO 31, 2001
0.00% V.A.T.: 0.00 FRF |.E. Total excluidos impuestos: 0.00 FRF

TODA COPIA DEL PRESENTE DOCUMENTO, AUN CERTIFICADA COMO
AUTENTICA Y PRECISA, NO TIENE VALIDEZ

====== FIN DEL EXTRACTO ======

-_,_—-—_.
KATIA SALAMARCA DE ABREU
TRACUTTOA ORICIAL

ggs. Mnusnaa 3288
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SECRETARIA DEL TRIBUNAL DE COMERCIO DE PARIS

1 QUAI DE CORSE
75181 PARIS CEDEX 04

REFERENCIA 0100099601 / MINITEL

EXTRACTO DEL REGISTRO COPORATIVO

EXTRACTO KBS

MATRICULA EN EL REGISTRO CORPORATIVO

e

KATIA SALAMANCA DE ARREU
TRADUTTORA DFi{IAL
RES, MIRJUSHCIA 3208
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APOSTILLA

(Convencion de La Haya del 5 de Octubre 1961)

1. Repiiblica Francesa

El presente acto publico

2. ha sido firmado por (nombre ilegible)
3. actuando en su condicién de (ilegible) C'EF:
=5

b}
u-"-
24 bia

4 lleva el sello de (ilegible)

ot MIAD
st

6

is
: :l:._H:ig-'
13 i3 333394V VR VN

-

CERTIFICADO

pIPPALY]
| €8

5. En Paris, el 9/10/01

7. Por el Procurador General de la Corte de Apeldtm e,

OF ROmgy, m.ll'l‘og._c'

AVIRYS
3

POYOeOML Comaad, CONETe

TULD
2“‘". cing

R
'ol.u

a8
¥  Yifing o, ONscargas S M Qoro

8. Bajo el No. 69147 "’,? i S asTA 4
§Zben ) Y5 i SR 2
oy e Y - _—
9. Sello de la Corte de Apelacién de Parls. _"-F:r‘q‘h'ni.i-iil'.-é‘._"ai'-' N, 4 8w
i B i -

Firmado: (fima ilegible)

2

KATIA SALAMANCA DE ABREU
\ v e QRICIAL

¢ poslicia 3708
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e n-l;)i.ht.!.e. E:LMUH & D@

L gl fiomades, . ) ] The undersigned,
¢ SANCFI-SYNTHELABO, una sociedad organi- SANOFI-SYNTHELABO, a corporation organized
" zada y existente de conformidad con las and existivg under the laws of Fraunce,
leyes de Francia,
con domicilio en of lﬂ
174 avenue de France, 75013 Paris, France 174 avenue de France, 75013 Parls, France.
nombramos por el presente & JOSE ANTONIO hereby appoint JOSE ANTONIO LLOREDA, and/or
LLOREDA, y/o GUSTAVO TAMAYO, y/o ANGELA GUSTAVO TAMAYO, and/or ANGELA MARIA
MARIA RESTREPO, y/o ALICIA LLOREDA, y/o RESTREPO, and/or ALICIA LLOREDA, and/or JOSE
JOSE LLOREDA CAMACHO, domiciliados en LLOREDA CAMACHO, of Bogota, Colombia, with
Bogotd, Colombia, con oficinas en dicha cludad, offices in said town, Calle 72 No. 5-83, Sixth Floor,
Calle 72 No. 5-83, piso 6%, nuestros representantes our true and legal representatives in Bogotd, with
legales y verdader:s en Bogotd, con facultades para power to recelve notifications and to appoint judicial
recibir notificaciones y nombrar apoderados judiclales or exirajudicial agents, so as to comply with
o extrajudiciales, con el fin de dar cumplimiento al - paragraph 1 of article, 543 of decree 410 of 1971.
pardgrafo lo. del articulo 543 del decreto 410 de
1971.

Los doctores JOSE ANTONIO LLOREDA, y/o Doctors JOSE ANTONIO LLOREDA, and/or
GUSTAVO TAMAYO, yo ANGELA MARIA GUSTAVO TAMAYO, and/or ANGELA MARIA
RESTREPO, y/o ALICIA LLOREDA, ylo JOSE RESTREPO, and/or ALICIA LLOREDA, and/or JOSE
LLOREDA CAMACHO, o los apoderados que LLOREDA CAMACHO, or the agents by any one of
cualquiera de ellos designe, quedan especialmente them . appolnted, are aspeclally empowered to
facultados para reprasentarnos ante las autoridades represent us before the administrative, Judiclal or
colombianas, administrativas, judiciales o de polic/a, police authorities of -Colombla, in all proceedings
en todos los trémltes relativos a la propledad pertaining to Industrial property, for which purpose we
industrial, a cuyo efecto les facultamos para dar ante authorize them to take bafore the said authorities all
dichas autoridades todos los pasos necesarios al the necessary steps to the said end; to file petitions,
objeto indicado; elevar solicitudes, declaraciones y declarations, claims, cancefiations and administrative
reclamos; formular descripciones, enmiendas, injunction proceedings; to draw up specifications; to
oposicionas y apalaciones; instaurar cancelaciones y make amendments, oppositions and appeals, 0 pay
amparos administrativos; abonar lodos los impuestos all Installments and effect all other payments
y cuotas y efectuar todo otro pago determinado por la prescribed by law; to recelve proper receipts, to
ley; recibir todos los documentos y valores, dando el comply with all other requirements and, In short, to
descargo respectivo; llenar cualesqulera otros take all those measures which they may deem fit for
requisitos y tomar, en fin, todas las medidas que the protection of our .interests, and In cast, of
creyeren conducentes al resguardo de nuestros oppoaltion, where'the proceadings be passed over to

Intereses; y en caso de producirse opomcldn. the couﬂ.n we authorize sald agents io act on our
pasando los antecedenies a los trlbuna[& O aiiasyy) complalnams as well as defendants,
facultados para .tomar Intervenci cu-m

demandantss o demandados ante los - ]uaunp..
gean competentes pudiendo transar, §ometSfe-8ec
arbitros, desistir, percibir y apslar, cong& *

cuanto dichos rep ‘asentantes y/o los apod orado;
cualquiera de auoa nombre hicieren ef ‘Hﬁ!

bensficio. R e e
: We also authorize doctors JOSE ANTONIO
Asimismo, tacultamos a los doctores JOSE LLOREDA, and/or GUSTAVO TAMAYO, and/or
ANTONIO LLOREDA, y/o GUSTAVO TAMAYO, y/o ANGELA .MARIA RESTREPO, andor ALICIA
ANGELA MARIA RESTREPO, y/o ALICIA LLOREDA, LLOREDA, and/or JOSE LLOREDA CAMACHO, to
y/o JOSE LLOREDA CAMACHQ, para solicitar en la apply for protocolization of this document and of any
Oficina de Propiedad Industrial la protocolizacidn de power of attorney by any one of them conferred In our
este documento y de cualquier poder que cualquiera namae, before the Office of Industrial Property, as well

de ellos otorgue a nombre nuestro, asf como para

as to substitute thess presents.
sustituir al presente. :

“

fven and signed this Tuesday August 14", 2001

Christophe LEugﬁ@r:::mark Lawyer

NOTARY SHOULD EXECUTE OTHER SIDE “&

Dado y firmado el ‘14 de Agosto de 200

Vu pour certificali
B matérialle da la si na{u
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SANOFI-SYNTHELABO
Snciété Arionyme au caplital de 1 462 286 436 €
Sidue social : 174, avenue de France 75013 PARIS.
395 030 844 R.C.S. PARIS

SUBDELEGATION DE POUVOIRS

Directeur Juridique, diiment habilité 4 I'effet des présentes par délégation de pouvolrs en date du
19 mai 1999 de Monsieur Jean-Fran¢ois DEHECQ, Président du conseil d’administration de la
société SANOFI-SYNTHELABO,

subdélégue 4 Christophe LELIEUR, Juriste su Département « Marques», saleriéd de la
SANOFI-SYNTHELABO GROUPE, société anonyme au capital de 26 216 576 Euros, ayant son
sitge social 174, avenue de France 75013 PARIS - Prance - étant précisé que la société
SANOFI-SYNTHELABO GROUPE est détenue & 100 % par la société SANOFI-SYNTHELABO,
afin qu'il en fasse usage au nom et pour le compte de la société SANOFI-SYNTHELARO, les
pouvoirs de :

« requérir de 1'Instinat National de Ia Propriété Industrielle, ou de tout office ou bureau étranger
national ou supranational, le dépdt et l’enregistrement de toute marque, tout modals, dessin,
sigle, logotype, et effectuer toutes les formalités nécessaires & I'effet d’obtenir leur
enregistrement ; :

« signer tout document nécessure au dép8t, 4 la conservation et & toute procédurs relative aux
marques et modéles, y compris hotamment la procédure d’opposition, et effectuer toutes les
formalités nécesseires 4 1'effer d'assu.rer le meintien en vigueur, la protection, la défense ou le
retrait desdits marques et modé.les

Slcosverser toutes taxes,
ent tout ce qui est

Et, en conséquence, présenter toutes requétes, signerfpF -T,!" O
retirer tous titres, substituer tout ou partie des présaiturpgEweE?
utile pour I'exécution de la présente délégation, /

"M-UL'L BOTEAC
2 Tr O, Tamo
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* eLRE FFt: DU TRIBUNAL-DE COMMERCE DE PARIS 1384

" 1 QUAI DE CORSE

75181 PARIS CEDEX 04
REFERENCE 0100157943/ MINITEL Z\

EXTRAIT KBIS

TMMATRICULATION AU REGISTRE DU COMMERCE ET DES SOCTETES
EN DATE DU : 18 MAI 1954
NUMERO DE REGISTRE DU COMMERCE :
R.C.S. PARIS B 395 030 B44 (1999800375)
EXTRAIT AU : 09 SEPTEMBRE 2001

RENSEIGNEMENTS RELATIFS A LA PERSONNE

RAISON SOCTALE (DENOMINATION) - SIGLE
SANOFI-SYNTHELABO

FORME JURIDIQUE : SOCIETE ANONYME
AU CAPITAL DE 1.462.883.492 EUR

ADRESSE DU SIEGE
174 AVE DE FRANCE 75013 PARIS

DUREE DE LA SOCIETE : JUSQU'AU 18 MAI 2093
DATE D'ARRETE DES COMPTES LE 31 DECEMBRE

CONSTITUTION
DEPOT DE L'ACTE : LE 17 MAI 1994 NUMERO 011745 AU GREFFE DU

TRIBUNAL DE NANTERRE
PUBLICATION : JOURNAL LA GAZETTE DU PALAIS DU 12 MAI 1994

TRANSFERT DE NANTERRE

DEPOT D'ACTE AU GREFFE DE PARIS LE 11 JANVIER 1999 NUMERO 000430
PUBLICATION AU GREFFE DU NOUVEAU SIEGE : JOURNAL LE PUBLICATEUR
LEGAL DU 24 DECEMBRE 1998

ADMIN1STRATION

PRESIDENT DU CONSEIL D'ADMINISTRATION MONSIEUR DEHECQ JEAN-FR.ANCOIS
NECE) LE 01 JANVIER 1940 COMMUNE DE NAISSANCE NANTES 44000 PAYS
FRANCE
NATIONALITE FRANCAISE
28 R ADRIEN MOISANT 78400 CHATOU

ADMINISTRATEUR L'OREAL
14 R ROYALE 75008 PARIS
NO RCS PARIS B632012100

REPRESENTEE PAR
MONSIEUR SOMNOLET MICHEL PIERRE RAOUL NE(E) LE 06 02 1940 A
CHATEAU RENAULT 37110 PAYS FRANCE NATIONALII'E FRANCAISE DEMEURANT

52 AV BOSQUET 75007 PARIS

PAGE 01

Le mot "éRIGINAL" ci- dessus  signifie que vous étes en présence d‘un original émanant du greffe
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P

R.C.S. PARIS B 395 030 844
1999800375  REFERENCE 0100157543

EXTRAIT KBIS
EXTRAIT AU 09 SEPTEMBRE 2001

ADMINISTRATEUR MONSIEUR GUERIN HERVE BERNARD LUCIEN
NECE) LE 04 JUILLET 1941 COMMUNE DE NAISSANCE RABAT PAYS MAROC
NATIONALITE FRANCAISE
17 AV DE MADRID 92200 NEUILLY SUR SEINE

ADMINISTRATEUR MONSIEUR BARBIER DE LA SERRE RENE PAUL
NECE) LE 03 JUILLET 1940 COMMUNE DE NAISSANCE LANCIEUX 22770 PAYS
FRANCE
NATIONALITE FRANCAISE
26 R BARBET DE JOUY 75007 PARIS

ADMINISTRATEUR MONSIEUR CASTRES SAINT MARTIN PIERRE HENRI JOSEPH GUY
NE(E) LE 12 AVRIL 1936 COMMUNE DE NAISSANCE BOULOGNE BILLANCOURT
92100 PAYS FRANCE
NATIONALITE FRANCAISE
11 R DE PORTO RICHE 92190 MEUDON

ADMINISTRATEUR ELF AQUITAINE - SA
TOUR ELF - 2 PCE DE LA COUPOLE LA DEFENSE- 6 92400 COURBEVOIE
NO RCS NANTERRE B552120784
REPRESENTEE PAR
MONSIEUR LEON JEAN PAUL EMMANUEL NECE) LE 27 07 1937 A PARIS 75016
ARRONDISSEMENT 16 PAYS FRANCE NATIONALITE FRANCAISE DEMEURANT 10
BIS AVENUE DES GOBELINS 75005 PARIS

ADMINISTRATEUR MONSIEUR DE GENNES PIERRE GILLES ROBERT YVES
NECE) LE 24 OCTOBRE 1932 COMMUNE DE NAISSANCE PARIS 75016
ARRONDISSEMENT 16 PAYS FRANCE
NATIONALITE FRANCAISE
10 R VAUQUELIN 75005 PARIS

ADMINISTRATEUR MONSIEUR OWEN JONES LINDSAY HARWOOD
NE(E) LE 17 MARS 1946 COMMUNE DE NAISSANCE WALLASEY PAYS
ROYAUME-UNI
NATIONALITE ROYAUME UNI
14 R ROYALE 75008 PARIS

ADMINISTRATEUR MONSIEUR WEYMULLER STANISLAS BRUNO HENRY ERNEST
NE(E) LE 05 SEPTEMBRE 1948 COMMUNE DE NAISSANCE MULHOUSE 68100
PAYS FRANCE
NATIONALITE FRANCAISE
2 PCE DE LA COUPOLE 92400 COURBEVOIE

ADMINISTRATEUR MONSIEUR CASTAIGNE ROBERT MARIE PAUL
NECE) LE 27 AVRIL 1946 COMMUNE DE NAISSANCE ST DIZIER 52100 PAYS
FRANCE
NATIONALITE FRANCAISE
2 PCE DE LA COUPOLE 92400 COURBECOIE,
5 COMO IIQ'||||
ADMINISTRATEUR MONSIEUR DESMAREST THIER
NE(E) LE 18 DECEMBRE 1945 COMMUNE DE'-
ARRONDISSEMENT 12 PAYS FRANCE

D “lﬂ'll .
BITIOTA, HAGD ConTARN ouﬁz ]

S, 4
$ JUAN HANU'&.QL l'lt'J I'I:RO MEDIHA
aﬁli‘-ﬂ’ﬂ-m .‘l -?.‘3 a &
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- . ' R.C.S. PARIS B 395 030 844 1386
1999800375  REFERENCE 0100157943

EXTRAIT KBIS
EXTRAIT AU 09 SEPTEMBRE 2001

NATIONALITE FRANCAISE
2 PL DE LA COUPOLE 92400 COURBEVOIE

COMMISSAIRE AUX COMPTES TITULAIRE ERNST & YOUNG AUDIT
4 R AUBER 75009 PARIS
NO RCS PARIS B344366315

COMMISSAIRE AUX COMPTES TITULAIRE BEFEC - PRICE WATERHOUSE
11 RUE MARGUERITTE 75017 PARIS
NO RCS PARIS B672006483

COMMISSAIRE AUX COMPTES SUPPLEANT MONSIEUR PERRIN BRUNO
NE(E) LE 03 DECEMBRE 1955 COMMUNE DE NAISSANCE NEW YORK PAYS
ETATS-UNIS D'AMERIQUE
NATIONALITE FRANCAISE
100 R RAYMOND LOSSERAND 75014 PARIS

COMMISSAIRE AUX COMPTES SUPPLEANT MONSIEUR COLL PIERRE
NE(E) LE 15 DECEMBRE 1954 COMMUNE DE NAISSANCE OUAGADOUGOU PAYS
BURKINA FASO
NATIONALITE FRANCAISE
11 R MARGUERITTE 75017 PARIS

@) RENSEIGNEMENTS RELATIFS A L'ACTIVITE COMMERCIALE :

ORIGINE DE LA SOCIETE : CEYTE SOCIETE ,DEJA CONSTITUEE, TRANSFERE
SON SIEGE DE 2 PL DE LA COUPOLE 92400 COURBEVOIE
A COMPTER DU 18 DECEMBRE 1998 ANCIEN N> RCS 94802598

ORIGINE DU FONDS : CREATION D'UN FONDS DE COMMERCE

ACTIVITE : ACTIVITE DE PRISES D'INTERETS ET DE PARTICIPATIONS DANS
TOUTES ENTREPRISES OU SOCIETES NOTAMMENT DES SECTEURS DE, LA SANTE.
ET DE LA CHIMIE FINE, DE LA THERAPEUTIQUE HUMAINE ET ANIMALE, DE
LA NUTRITION ET DES BIOS INDUSTRIES

ADRESSE DU PRINCIPAL ETABLISSEMENT
174 AVE DE FRANCE 75013 PARIS

DEBUT D'EXPLOITATION LE 11 MAI 1994
MODE D'EXPLOITATION : EXPLOITATION DIRECTE
OBSERVATIONS
. DATE : 11 JANVIER 1999
NUMERO DE L'OBSERVATION : 81033
LA SOCIETE NE CONSERVE AUCUNE ACTIVITE A SON ANCIEN SIEGE

DATE : 16 JUIN 1999
NUMERO DE L'OBSERVATION : 16154

.
=
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TRATADO DE COOPERACION DE PATENTES

PCT 2
REPORTE DE BUSQUEDA INTERNACIONAL

{PCT Articulo 18 y Reglas 43 y 44)

SSLO046/IL ACCIONES  (Forma PCT/ISA/220) asi como, dande apliqua, ol tem 5 a continuacin.
Solicitud intornacional No. Fecha de registro internecionol (dia/ines/aio) Fecha do Prioridad (Primem) (dla/mes/afo)
PCT/FR 03/00004 03/01/2003 07/01/2002
Solicitante
SANOFI-SYNTHELABO

Este Reporte de Bisqueds Internacional ha sido preparado por esta Autoridad de Bisqueds Internacianal y es trangmitido al solicitante
Segin el Articulo 18. Una copia serd transmitida a la Oficina Internacional.

Este de Bisqueda Intemacional cansta de un toial de __4_ hojas.
También estd scompaiindo de una copia de cada docurnento téenico anterior citado en este reparte.

1. Bases del reporte

2. Respecto sl lenguaje, In bisqueda intemacional se llevd a cabo segin la solicitud intemacional en el lenguaje en el cual se presentd,
2 menos quo se indique de otro modo en este ftem.

D la bisqueda iniemacional se llevd a cabo segiin la traduccién de 1a solicitud hiﬂ'nncio;:ll proporcionada a esta
Autoridad (Regla 23.1(b)).

b. Respecto a yna secuencia de dcldo nucledtide y/o amine revelada en L solicitud intemocional, Ia isqueds intemacional
s0 llevé a cabo segin la lista de la secuencia:

[] contenido en in soticitad interacionsl en forma escrita.

presentada junto con la solicitud internacional en forrma legible por computador.
proporcionads subsiguienternente & esta Autoridad en forma escrita.

proporcionada subgiguientemente a ests Autoridad en formn legible por computador.

so ha proporcionado Ia afirmacién de que ¢ Hstado de secuencias escrito proparcionndo subsiguientemente no va méa allé de In
revelacidn en la solicid intemacional segin se presentd.

se hn proporcionado Ia afirmocién de que la informacidn registrada en forma logible por computador es idénticu al listado da ln
secuencia escritn.

Clertas relvindicaclones no pudieron locallzarse (Ver Casilla I).

b

Falta unidad de Inveasida (ver Casilla II).

>

0Ny OO0 O OOOO

al titalo,

El texto es aprobado segiin lo presenta el solicitante.
Esta Autoridad ha esisblecido que el texto se len asf:

5. Respecto al resumen,

[] it es aprobado segim lo presens of solicitants.
Esta Autoridad ha establecido el texto de acuerdo con la Norma 38.2(b), zeglin sparece en el Recuadro [11. El solicitants pucde, un
mes despuds de la fecha de haber enviado por commeo este reporte de biaqueda internocionsl, presantar comentarios a esta Autoridad.

6. La Mgura de Jos dibujos que se publicani con el resumen 5 In Figura No. \

[ comotosuginié el soticitante. Ninguna de las f5

porque ¢l solicitante no sugirid una figurs
ponque esta figum camcteriza mejor a la invencidn.

Farmm PCT/SA/210 (primen bojs) (Julio 1998)



Solicitud Internacional No.
REPORTE DE BUSQUEDA INTERNACIONAL PCT/FR 03/00004

Hem lll. Texto del Abreviado (sigue del punto 5 de la primera hoja)

Compuestos que responden a la fdérmula general (T)

(1)

en la cual R representa o blen un &lomo de halégeno o un grupo fenilo sustituido por uno o varios
grupos elegldos entre los &dtomos de haldgenos y los grupos alqullo (C1-Ce). alcod (C1-Ce), nitro,
amino, trifluorometilo, clano, hidroxd, acetllo 0 metilendioxd, o blen un grupo pirdinilo, o blen un
grupo tienllo, o blen un grupo Indolllo, o un grupo pirimidinilo eventualments sustituldo por uno o
varios grupos alcox (Ci-Ce). Por otra parte, entre loa dos enlaces carbono-carbono reprasentados
por— , uno es simple y el otro puede ser simple o doble. Los compuestos de la Invencidn son
ligandos de los receptores nicotinicos.

Formm PCT/ISA/210 (contimacién de b primers boja (2)) (Jullo 1998)



REPORTE DE BUSQUEDA INTERNACIONAL

Solicitud Intemacional No.
PCT/FR 03/00004

2%

A CLASIFICACION DE MATERIA
CiB7 CO7D471/08 A61K31/439 ASIP25/00
209:00)

Segin In Clagificocién de Patentes Intcrnacianal (CBI) o segin ha clasificacién nacional v la CBI

/1 (CO7D471/08,221:00,

B. CAMPOS BUSCADOS

CIB 7 CO7D AG61K AS1P

Documentacién minima buscads (sistema de clasificacidn seguido de simbolos de clasificacion)

 Documentacién buscada fucra de documentacion mintma hasts donde dichos documentns se incluyan en los campos buscados

EPQ-Interno, Dato WPI, Dato CHEM ABS

Base de datos clectrdnics consultuda durmnte In brisqueda internacional (nombre de la baze de datoe y, donda ses prictico, buscar términos usados)

C. DOCUMENTOS CONSIDERADOS RELBVANTES

Categorla ®

Citacién do documento, con indicacién, donde sea apropiado, de los textos relevantes

Relevante a In reivindicacion No.

US 5817 679 A (SHEN ET AL.)
6 de octubre de 1998 (1998-10-06)

ejemplo 87

W0 00 34279 A (SANOFI SYNTHELABO)
15 de junio de 2000 (2000-06-15)

pigina 15, linea 5- linea 10; reivindicacidn

1

A

A

W0 00 34284 A (SANOFI SYNTELABO)
15 de junio de 2000 (2000-06-15)

pégina 18, linea 8linea 12; reivindicacidn
1

1,3

1,3

13

Il D En el recuadro C se enumeran rmis documentos.

E En el snexo se enumemn miemnbres de la familia do patentes.

© Categorias especiales de documnentos citados:

‘A’ documnento que define el estado general de In técnica el cual no se
considern de relevancia particular

'E' documento anterior pero publicado en o despudy de In fecha de
preseniacién internacional

‘L' documento que puede arrojar dudas sobre reivindicaciones de
prioridad o que se cits par establecer 1a fecha de publicacion de ot
citacién u otra raxtn especial (segiin se especifica)

0" documento que se refiere a una revelacidn aral, uso, exhibicidn u
otros medios

P documento publicado antes de 1a fecha de presentacidn intemacional
pero despuds do la fecha de prioridad reivindicada

T documento posterior publicado después de Ia fecha de presentacidn
intemmacional o fecha de prioridad y que no estd en conflicto con I
solicitud pevo citado para entender el principio o teorla que sustents
In invencién

' documento de relevancia particular; la imvencién reivindicada no
pucde considerarse mueva o no puede congiderarse quo comprends
un paso inventivo cuando el documento se torma solo

Y documsmto de relevancia particuler; Ia invencién reivindicada no
puede considerarse que comprende un paso inventivo cusndo el
documento ge cambina con uno o mils documentos, siendo dicha
combinacién obvia para una persona experta en la téenica

‘&' documento iembro de la misma familia de patentes

Fecha de 1a terminacion real de In bsqueda intemacional
14 de abril de 2003

Fecha de envio por correo del reporte de bitsqueda internacional
06/05/2003

Nombre y direccién de cosreo de I[SA/US
Oficine de Patentes Europea, P.B. 5818 Patentlasn 2
NL-2280 HV Rijswijk
Tel. No. (+31-70) 340-2040, Tx. 31 651 epo nl,
FaxNo. (+31-70) 340-3016

Funclonario autorizado

Alfaro Faus, I

“Forom PCT ISA 210 (seganda hoja) (Julio 1992)




REPORTE DE BUSQUEDA INTERNACIONAL

Solicitud Internacional No. Z
Informe sobre miembros de familia de patentes PCT/FR 03/00004 1
Documento de patente a1s
citado en el rep‘:itte de Fecha de publicacién Miembro(e) de la familia de F:Cl:'l;:e
bhsqueda patentes pu ion
us 5817679 A 06-10-1998 AU 708112 B2 29-07-1999
AU 3540695 A 14-03-1996
CA 2196979 A1l 29-02-1996
CN 1163613 AB 29-10-1997
EP 0778835 Al 18-06-1997
HU 77938 A2 30-11-1998
JP 2002504883 T 12-02-2002
Us 6255490 Bl 03-07-2001
WO 9606093 Al 29-02-1996
AU 695682 B2 20-08-1998
AU 6497194 A 24-10-1994
CA 2159723 Al 13-10-1994
CN 1133045 AB 09-10-1996
EP 0691971 Al 17-01-1996
HU 74380 A2 30-12-1996
JP 8511768 T 10-12-1996
WO 9422868 Al 13-10-19%4
US 6060473 A 09-05-2000
wO 0034279 A 15-06-2000 FR 2786770 Al 09-06-2000
AU 1393000 A 26-06-2000
EP 1135389 Al 26-09-2001
wo 0034279 Al 15-06-2000
JP 2002531565 T 24-09-2002
US 6407095  B1 18-06-2002
WO 0034284 A 15-06-2000 FR 2786769 Al 09-06-2000
AU 1392900 A 26-06-2000
EP 1144413 Al 17-10-2001
WO 0034284 Al 15-06-2000
1P 2002531568 T 24-09-2002

Forma PCT I5A 710 (anexo familia de patentes) (Julio 1992)



TRAITE DE COOPERATION EN MATIERE DE BREVETS

PCT

0
RAPPORT DE RECHERCHE INTERNATIONALE 2
(article 18 et rbgles 43 ot 44 du PCT)

[ Référence du dossler du déposant ou POUR SUITE VOl la notficaion de tranmmission cu rapport de recherche Inismationaie

du mandataire (fomulaire PCTASA/220) at, o cas échéant, le point 5 cl-apnis
$SL0046/JL A DONNER

Demande internationate n* Detet du dédpdt international fourinols/annde) | (Date de priorité {la plus anclenne)

(jounimoia/annde)
PCT/FR 03/ 00004 03/01/2003 07/01/2002

Déposant

SANOF I-SYNTHELABO

La présent rapport de recherche internationale, dtabil par Fadministration changda de la recherche intemationale, est tranamie au
déposant conformément & Farticie 18. Una cople en est tranemise au Bursau international.

Ca rapport de recherche Inlsmationalecomprend ______ 4 feullies.
[X]  nestauss accompagné une cople de chaque document relatif & 'état de la technique qul y est cité.

1. Bass du rapport
a En ce qul concama la langus, la rechache jntamationale a &t effectude eur 1a base de la demande Internationals dans Ia
langue dans lagualis elis a #té déposde, sauf indication contralire donnds acus io méme point.

[:l la recherche inlemationale a éb atfectude sur 1a base dune raducion de la demande inemationale remisa 4 Padministration.

b. En ce qui concems les sdquences de nuciéotides ou d'acides aminds divuigudes dans ia demande intemationais (le cas échéant),
la rechasrche Internationale a 4t8 effechsde sur la base du lisags des séquences :

contenu dans la demande Ivemationale, sous forme écriie.
déposaédea avec (a demande intaemationale, sous forme déchifirable par ondinateur,
remis ultdrieurament & Ffedministration, sous forme &its.

remis ultdrieursment & 'administration, sous forme déchifirable par ordinateur.

La cidciaration, selon laquaBe le fistage des adquences présantd par dorit et fouml ulkddeurement ne vas pas ayu-deth de la
divuigation falie dans la demands ielis que déposde, a $té foumls.

La dédciaration, selon iaqueilla ias Informations enregistrdes sous forme déchiffrabie par ordinateur sont identiques & celles
du istage des sdquences prisentk par écrit, a étd foumnie.

Il a été estimé que certaines rsvendications ns pouvalent pas faire I’'objat d’une recherche (voir le cadre [).
il y a sbesnce d'unité de Tinvention (voir le cadre Il).

O0d O OO0o0od

4. En ce qui concama e titre,

[X] 1o taxte est approuvé tel qul a été remie par la déposant.
|___| Le taxte a é14 tabll par Fadministration et a la tensur suivante:

5. En ce qul conceme I'abrigé,
le texte est approuvs tel qu'll a été remis par le déposant

le texte {reproduit dans la cadra I11) a dw établl par I'administration conformément & la régle 38.2b). Le déposant paut
|II présenter das obsarvations a I'administration dana un délal 'un mois A comptar de la date of axpédition du prédsent rapport

de recherche intemationale.
6. Lafigure des dessins & publier avec labnigé est la Figure n* =
[[J s=uoodrée par le déposant. [ Aucune des figues

D perce que le déposant n'a pas sugoéré de figure. n'est & publier,

[[] parce que cote tigure caractirise misux Finvention,

Formulaire PCTASA210 (pramibre feuille) (ulllet 1998)
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Cadrall TEXTE DE L'ABREGE (suits du point 5 de ia premiére feullls)

Composés répondant 4 la formule générale (I)

(1)

dans laquelle R représente soit un atome d’halogéne ou un
groupe phényle substitué par un ou plusieurs groupes '
choisis parml les atomes d’halogénes et les groupes (C,-
Cs)alkyle, (C,~Cg)alcoxy, nitro, amino, trifluorométhyle,
Cyano, hydroxy, acétyle ou méthylénedioxy, soit un groupe
pyridinyle, soit un groupe thiényle, soit un groupe
indolyle, ou un groupe pyrimidinyle éventuellement
Substitué par par un ou plusieurs groupes (C,~C¢)alcoxy,
sachant qﬁe, parmi les deux liaisons carbone-~carbone’
représentées par ===X, 1l'une est simple et l’autre peut
étre simple ou double. . les composés de _

1’invention sont des ligands pour les récepteurs
nicotiniques. _ )

Formulaire PCTASA/210 (sulta de ta premiire faultie (2)) {Julliet 1998)
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8. DOMAINES SUR LEGQUELS LA RECHERCHE A PORTE

Documeniaiion minimala consullés (systdme da cizseliication suivi des symboiss de classement)
CIB 7 CO7D A61K A61P

Documantiation consulids autre que s documeniation rminimais dans s mesura oli cas documents relivent des domaines sur issquzels B porid i mcharche
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A US 5 817 679 A (SHEN ET AL.) 1,3

6 octobre 1998 (1998-10-06)
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15 juin 2000 (2000-06~15) _
page 15, 1igne 5 - ligne 10; revendication
1
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15 juin 2000 (2000-06~15)

page 18, 1igne 8 - ligne 12; revendication
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"E* documani aniériour. mals publié & ja date da cépdt Inemational "X documant particull 1 pertinent: Finven ton uée .
Ou aprée calte dai MMWmmhoEmlmmm
L mmwgnmmmﬂrumwm wentive par reppon au document considérd isoldmant
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una exposttion ou tous autres moyens documenis dé mime nalume. cetie combinaison étant évidems
"P* document publid avan la date de ddpdl intemational. mals pour une personne du mdiler
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7T-AZABICYCIO22.1}HEPTANE AND
-HEPTENE DERIVATIVES AS
CHOLINERGIC RECEPTOR LIGANDS

This invention is 2 continuation-in-part of U.S. patent
application Scr. No. (8/041,445, filed on Apr. 1, 1993, now
abandonud, entitled ~7-Azabicyclo[2.2.1}-heptane and
~hepiene Derivatives as Analgesics and Anti-inflammatory
apents™ and PCT application no. PCT/US 94/03573, filed on
Apr. 1. 1994, enmitled -7-Azabicyciof2.2.1}-heplane and
-hepiene Derivatives as Analgesics and Anti-inflammatory
Agents™,

This invention is in the arca of 7-azahicyclo[22.1]
heptane and -heplene derivatives and their metbod of manu-
facture and phammacentical use.

BACKGROUND OF THE INVENTION

Opiates, and in particular, morphine, are routinely admin-
istered for the treatment of moderte to severe pain. Agenis
thai are Jess potent than morphine, such as codeine, mixed
agonist-aniagonist opioids, and non-opiatc analgesics,
including non-steroidal anti-inlammatory drugs (NSAIDS)
are often used to relicve mild 1o moderaie pain. Because of
the well-known side clects of opiates, including chemical
dependence and respintory depression, there is a stroog
need for a non-opiale based analpesic for moderaie to severe
pain that would equal or exceed the potency of opiale
analgesics, yet lack the serious side effects associated with
the administration of opiates.

Spande, et al., reported in 1992 that a polcn! nonopiate
analgesic had been isolaled from the skins of the Ecuadoran
poison frog, Epipedobates tricolor. Spande, et al., 1992 J.
Anm. Chemn. Soc., 114, 3475-3478. The structure of the
compound was determined by mass spectroscopy, infrarcd
speclmscopy, and muclear magoetic resonance as exo-2-{2-
chloro-5-pyridyl)-7-azabicyclo[2.2.1Theptane (sec FIG. 1)
The compound, which was named epibatidine, is the firs
member of the class of 7-azabicyclo[22.1]hepiane com-
pounds 1o be found in oalre. Limited pharmacological
evaluation of epibalidine indicated thal it is approximately
500 times more potent than morphine in eliciting the Straub-
1ail response, and that this effect is not reversed by 1he opiate
aniagonist naloxone. [n the hot plate analgesia assay, epi-
batidine is approximately 200 times as potlent as morphine.
It has also been determined that epibatidine has a negligible
affinity for opiate receptors ( 1/8000 times that of morphine).
Based on this daia, it appears that ¢pibatidine is a very potent
analgesic that acls via a non-apiate mechanism.

In 1993, it was reported that epibatidine is a nicolinic
cholinergic receptor agonist. Qian, C.: Li, T.; Shen. T. Y;
Libenine, G. L: Eckman, J.; Biftu, T.; Ip, S. Epibatidine is
a nicotinic amalgesic. Ewropean J, Pharmacalogy, 1993,
25((3):R-13~14; Flewcher, S Baker, R.; Chambers, M. M.
Herbert. R. H.; Hobbs, 8. C.; Thomas, S. R.; Veerler, H. M.,
Watt. A. P; Ball, R. G. Total synthesis and determination of
the absolute configuration of cpibatidine. J. Org. Chem.,
1994, 59(7):1771-177%; Baldio, B.; Daly, J. W.; Epibatidine.
A potemt analgetic and nicotinic agonist. FASER Joumal,
1904, 8(4-5):AB75. Mol. Pharmucol., 1994, 45:563-56Y;
Dukat, M.; Damaj, M. |.; Glassco, W.; Dumas, D.; May, E.
L; Manin, B. R.; Glennon, R. A. Epibatidine: A very high
affinity nicolipe-recepior ligand. Medicinul Chem. Rex.,
1994, 4:131-139.

Cholinergic receplors play an important role in the func-
tioning of muscles, orngans and gencrally in the cenral
nervous system. There are also complex interactions
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between cholinengic receptors and the Function of receplors
of other neurvinmsmitiers such as dopamine, serotonin axl
catecholamioes.

Acetyleholine (ACh) serves as tbe neurniragsmilter at all
autonomic ganplia, at the postganglionic parasympatbetic
perve endings, and at the postganglionic sympathetic nerve
endings innervaling the eccri sweat glands. Differemt
receptors for ACh cxist on the postganglionic neurons within
the autonomic ganglia and at the postjunctional aulopomic
effector sites, Those within the sutonomic ganglia and
adrenal medulla are stimulated predominantly by nicotine
and are known ax nicotinic receptors. Those on autonomic
effector cells arc stimulated primarily by the alkaloid mus-
carine and are known as muscarinic receplors.

The nicotinic receptors of sutonomic ganglia and skelctal
muscle are not bomogenous because they can be blocked by
different antapoaists. For example, d-tubocurarine effec-
tively blocks nicotinic responses in skeletal muscle, whereas
hexamelhonium and mecamylamine are more effective in
blocking nicotinic responses in aulonomic ganplia. The
micotinic cholinergic receptors are named the N, and N,
recepiors, respectively.

Muscarinic receplors are divided into at least four sub-
types {(M-1 through M-4). An M-5 receptor has been cloned
in human cells. The M-1 receptor is localized in the central
nervous system and pechaps parasympathetic ganglia. The
M-2 receptor is the non-neuronal muscarinic receptor on
smooth muscle, cardisc muscle and glandular epithelinm.
Muscarinic receptors can be blocked by administration of
atropine. Bethanechol is a selective agonist for the M-2
receptor and pirenzepine is a sekctive antagonist of the M-1
recepior.

In light of ibe fact thal epitatidine is a strong cholinergic
receptor ligand, it would be of inlerest to provide mew
7-azabicyciof2.2.1}heptane and -heptene derivatives with
pharmacological activity.

Therefore, il is an object of the present vention to
provide new 7-azabicyclo[2.2.1}-heplanc and -hcpiene
derivatives with analgesic, anti-inlammaltory and other
pharmaceutical activitics.

It is a furtber object of the present invention to provide
compounds which are cholinergic receptor ligands,

It is still another ohject of 1he present invention to provide
compounds which are agonists and anlagonisis of muscar-
inic and nicotinic receptors.

I is still anather object of the present invention to provide
new methods for the treatment of pain.

It is another ohject of the present invention to provide
compositions and methods for 1he treaiment of copnitive,
neurological, and mental disorders, as well as otber disor-
ders chamcterized by decreased or increased cholioergic
function.

SUMMARY OF THE INVENTION

7-Azahicyclo[2.2.1 Hweptane and -heptene  compounds
are disclused of Formula (I):
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cpisulfide (—S—) imino (—N(alkyl)- or —N(H)—)
or a fused aryl or betcroaryl ring including a fused
phenyl ring;

R. is independently bydrogen, alkyl. including CH,;

alkenyl including —CH.—HC=CH,; alkylbydroxy,
including —CII.—OH; alkyloxyalky} iocluding
—CH.—O<(akyl)., alkylamine, including —CH.NH.;
carhoxylate, C(0)0alkyl, iocluding CO.Me; C(O)

Oaryl, C{O)Obeteroaryl, CO0aralkyl, —CN, —NHC
wherein: 1o {O)R™, —CH.NHC(O)R':, Q. XO)Q. -alkyl(Q),
R! and R? are independently hydrogen, alkyl, including -alkenyl(Q). -alkynyl{Q). —O0—{Q) —S—Q,
CHy: alkyllidéoxy. inv.:llltlilllgI‘ClH|;_-()!Il:k nikyb:!lra:'kyl. —NH—Q or —N(alkyl)-Q;
including H.OCH,: alkyhhioalkyl. including . . o
—Cl1.SCHy; alkylamino, includinmg —CH.NH.; atky. "= 204 R, together can be —CIO}—HR"—C0) or
p o S . ; CH(OHY—N(R")—C{0)— whenin R* can be alkyl,
laminvalkyt or alkylaminudialkyl, including CII.NH ;s arv] including phenvl, or heteroaryl:
(Cil,) and CH.N(CH,).: oxyalkyl. including —OCH;; r B PAY’, OF ncleroary
carhoalkoxy, including carbomethaxy; allyl, acyl and R; is hydrogen, alkyl. including CH,, or CH CH,; alkyl
thialkyl, including —SCH,; subatituted with one or maore ha‘bg:uf. including
R* R* and R® arc indkpendently hydrogen, alkyl, includ- CH.CH.Cl; -—CH.«cycloalkyl). including —CH.-
ing —CH,: alkylhydroxy, including —CH.OH; »  (cyclopropyl) —CH.CH=CH., —CH.CH.(C,H,).
alkyloxyalkyl, including —CH.OCH,; alkylihicalkyl, alkylhydroxy, including CH.CH.OH, alkylamino
including —CH.SCH,; alkylamino, including (alkyl)., including CH.CH.N(CIl,). alkyloxyalkyl,
—CH.NH.; alkylaminoalkyl or alkylaminodialkyl, alkyhhioalkyl, aryl, dialkyl to form a quaneroary
including CH.NH(CH,) and CH.N{CH,).: oxyalkyl, ammonium including
including —OCH,; thinalkyl, including —SCH; halo. .,
including C\, F; haloalkyl, including CF,; NH., alky- Yeewt
\. laminv or dialkylamino, including —N(CH,); sod (Criy, i\li—(l!‘l 'hl'—(ll'l ﬁ'—(l“')
—NHCH,;: cyclic dialkylamino, including /\ —C—H : —Calkyl: ~Caryl :
I\ N—(R") X—(K") N—(RY N—("
. . . X o ] il i
—N —N —N N—Clls —C=O-{alkyly: —c—!l\'—.\'(l"ls —C—NHY —C—S-{alkyl):
' \/ H
/ \ N™
=N N—CH:CH..O: 5 —G_\. _/"'“"“‘!"‘
—/
i 1 1l
amidime, cyclic amidine including —(GL-Ohu—T—l"‘. —P—RI" —(CIlan'—T—n'“
N N Fii] RU Rl -1
_e _€ 7
. . Il ]
N N -2 p—RW" —(CH Ol —5 —RI%
| H Iu [}
45 R o

and their N-alkyl derivativen;

Yy ’"

—CO.H; COualkyl, including —CO.CHy: —C(O)akkyl, ss
including —Q{OYCHl,: —CN, —C(O)NH.. —((O)NH
(alkyl). —C({O)N({alkyl).. including —C({OIN(CH,).; allyL,
—80 (alkyl). —SO.aryl, inchuding —SO(C,H,). —S(O0)

o

- . —CI-L-OgC‘(CIIm —CI-L(KI,‘-uyI -ql,oltl'-lkyl

wherein R® is hydrogen or alkyl;

wherein Y is CN. NO,, alkyl. OH, —O-alkyk

wherein Z is O or 5:

wherein R’ and R'' are each independenily —O-,
—OH. —O-alkyl, —O-aryl, —NH., —NH(alkyl).
~—N(alkyl).. —NH(aryl) and —N(ary}).;

wherein R'° is alkyl, arvl, alkaryl. aralkyl, hetcroaryl,
alkenyl. alkvnyl and Ieieroaralkvl.

alkyl, —S(O)aryl, aryl, heteroaryl; Qis
Wi " CHy
or -w:@ N
N
o N
R, and R, 1opether can be alkylidene or halvalkylidene, t

including —CH.— and —CF.—; epoxide (—0—);
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~enntinued

se¥pels)

DO
sdedise;
, PO

SOPS %
LX)
LX)
X

wherein the Q moicty can be oplionally substituted
with 1 lo 3 W subsdiluents; and

W is alkyl, including CH,: halo, including C1 and F;
aryl, heteroaryl, OH, oxyalkyl including —OCH,;
Sil. thioalkyl. including —SCH,; —SO{alkyl)
including —SOCH,: —S0.alkyl, including
—S50.CH,: —OCH.Cll==CH., —OCH.(C H,),
CF,. CN, slkylencdioxy, including
-msthylened:oxy- —C0.H, —CO.alkyt, including
—CD.CH,; —OCN.CHi.0H. —NO,, —NH..
—NH(alkyl), including —NIICII,. -—-N(llkvl)-.
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including —N(CH1,).; —NH((Oalkyl. including
—NHC(O)CH,; —SO.CF,, or —NHCH.aryl,
including —NHCHJ{CH,) —C((O)alkyl; —C(0)
arvl: —C(QO)aralkyl; —C{O)alkaryl; —C(Q)
heteroncyl; —P(0).OM* whercin M is 2 phacmaceu-
tically acceptable cation; and wherein
the - - - indicales an optional double bond.

These compounds sre cholinergic receptor lipands, and
thus act a8 mivotinic or muscarinic agonisis or antagonisis,
Therefore, the compounds can also he used in the Ircatmen)
ol cogaitive, neurological, and mental disorders. as well as
other disorders characterized by decreased or incressed
cholinergic fuoction.

The selectivity of the selected compound for for various
recepivr sublypes is casily determined by routine in vitm
and in vivo pharmacalogical assavs known to those skilled
in tbe an1, and described in more delail below. The recepior
sublype sclectivity is expected 1o vary hased on the sub-
stituerts on the 7-aza-norbornane or northornene ring.

Compounds that act as nicotinic receplor agonists have
central or peripheral apalgesic activity, and, or alternatively,
anti-inflammaiory activity, snd thus can be administered to
s mammal, including & humaa, to treat peia and iaflamma-
tory disorders. A method for the wreatment of pain is also
prexenicd thal includes administering an effective amonni of
he compound or its pharmaceutically acceptable saly or
derivalive, or mixtures thereof, 1o a host in need of analgesic
therapy, optionally ip » pharmacewically accepiable carrier
or diluent.

BRIEF DESCRIFTION OF THE FIGURES

FIG. 1 is an illusiration of the chemical structure of
¢x0-2-(2-chioro-5-pyridyl)-7-axabicycio[2.2.1Theptane
(epibaridine).

FI1GS. 20 and 2b are schematic illusirations of processes
for the preparation of active compounds through the Dicls-
Alder reaction of an N-{electron wilthdrewing substitned)
pymole with an arylsulfonyl{optionally substituied aryl or
heteracyelic)acetylene.

FI1G. 3 is a schemalic illustration of the synihesis of
7-aza-2{oxazole and oxadiazole}-bicyclof[2.2.1Theptane
from exo-2-carbomethoxy-7-methyl-7-azanorbornane.

I1G. 4 is a schematic illustration of the synthesis of
7-aza-2-{beterocycles]-bicyclo{2.2. LJheplane from exo-2-
cyano-7-methyl-7-azanorboroane.

FIG. 5 is a schematic illustration of the convemion of
ex0-2-carbomethoxy-7-methyl-7-azanorhomane and exo-2-
cyano-7-methyl-7-azanorbornane to 7-methyl-7-aza-2-
{methylamino and methylaceiamidoHricyciof2.2.1]heptane.

FIG. 6 is a schematic illusiration of the synthesis of
7-methyl-7-aza-2{isoxazolyl}bicyclo[2.2.1 Theptane.

DETAILED DESCRIPTION Of THE
INVENTION

1. Drlinitions

The term alkyl, as used hercin, rclers to a saturated
«raight, branched, or cyclic (or a combination thereof)
hydrocarbon of C, 10 C,.. and specitically includes methyl,
ethyl, pmpvl. isopropyl. cyclopropylmethyl.
cyclobutylmethyl, buiyl, isobutyl, 1-butyl, pemyl.
cyclopentyl, isopentyl, acopentyl. hexyl, isobexyl.
cyclohexvl, A-methylpentyl, 2.2-dimetbylbulyl, 2.3-
dimethyltbutyl, heptvl, octyl, nonyl, and decyl.

The term lower alkyl, as used herein, refersto a C, 10 G,
saturated siraight, branched, or cyclic (in the case of Cy.,)
hydrocarbon, and specifically includes methyl, ethyl, propyl.

&Y
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isopropyl. butyl. isobutvl, t-butyl, cyclopropylmethyl,
pentyl, cyclopentyl, cyclobutylmethyl, isopeniyl, neopentyl,
hexyl, isohexyl, cyclohexyl, 3-methylpeniyl, 2,2-
dimethylbutyl, and 2 3-dimethylbutyl,

The erm alkylamino refers to an amino group that has an
alky! substituent.

The wrm alkyayl, ss referred 10 bercin, refers wa Ca o
C, o stright or branched hvdnwarbon with at lkeast one triple
bood.

The ierm lower alkvnyl, as referred 1o berein, refers to a
C. 10 C, alkynyl group, specifivally including acetylenyl and
propynyl.

The term aryl, as used herein, refers 1o phenyl, or substi-
uted phenyl, wherein 1be substitvent is haks, alkyl, alkoxy,
alkvlthio, baloalkyl, bydroxyalkyl. alkoxyalkyl,
methylencdioxy, cyano, C{OXlower alkyl), carboxy,
CO.alkyl, amide, amina, alkylamino and dialkylamino. and
wherein the aryl group can have up Io 3 subnliluents.

The term balo, as used herein, inclwdes Auvoro, chioro,
bromo, and iodo.

The term aralkyl refers to an aryl group with an alkyl
substiluent.

The 1erm alkaryl refers o an alkyl group that has an aryl
substituent, including benzyl, substiruied benzyl, phencthyl
or substituted phenethyl, wherein the substitucnis are as
defined for aryl groups.

The term heteroaryl or hetcroaromaltic, as used berein,
refiers lo an aromatic moiety that includes at least one sulfur,
oxypen, or pDilrogen in the aromatic ring. Nonlimiling
examples arc furyl, pyridyl, pyrimidyl, thienyl, isothiazolyl,
imidazolyl, pymzinyl, benzofuranyl, quinolyl, isoquinolyl,
benzothicnyl, isobenzofuryl pynizalyl, indolyl, isoindolyl,
benzimidazolyl. purinyl, carhwolyl, oxazolyl, thiazolyl,
isothiazolyl. 1.2,5-thiadiazolyl, isooxazolyl, pyrrolyl,
pyrazolyl, quinazolinyl, pwridazinyl, pyrazinyl, cinnolinyl,
phibalazinyl, quinoxalinyl. xanthinyl. hypoxanibinyl,
pleridinyl. 5-azacytidinyl, 5-azauracilvl iniszolopyridiayl,
imidazolopyridinyl, pymolopyrimilinyl, and pyrazolopyri-
midinyl.

The werm onganic or inorganic anion reiers to an organic
or inorganic moiety thal carrics a negalive change and can be
uscd as the negative portioa of a salt.

The term ~pharmacentically accepiable cation™ refers to
an onganic or inorganic moizty thal ¢arries a positive charge
and thal can be adminisiered in association with & pharma-
ceutical agent, for example, a5 a counteraction in » salt.

The ierm enantiomerically eoriched composition or com-
pound” refens to a compaositioa or compound that includes at
least 95%. and typically 98. 99, or 100 by weight of a single
enantiomer of the compouml.

The 1ermn pharmaceutically active derivative refers 1o any
compound that upon adminisiration to the recipient, is
capable of providing directly or indirectly, the compounds
disclosed herein.

As used herein, the termn dipolarophile refers to a com-
pound or moicty that reacts with a dipolar species to form a
cycloaddition product,

As used herein, the erm dicnophile refers to a compound
or moiely that reacts with a diene to form a cycloaddilion
product.

As used berein, the term 1 relers to a pi-orhital complex
of an unsaturated compuund with & metal, and whercin the
superscript after the 3 refers to the pumber of sp* carbon
atoms bonded 10 1he metal.

The ierm chkectron withdrawing substituent ax used herein
refers (o a substituent that pulls electron density from the
meicty v which il ix attached through inductivn or reso-
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nance. A wide variely of cleciron withdrawing substiluents
are well known to those skilled in organic synihesis.
Ml. Examples of Active Compounds

7-Azabicycin[2.2,1) -heptane and -hepiene derivatives of
Formula (1) are provided that are cholinergic receptor
ligands. These compounds typically acl ax pivolinic or
muscarinic receptor agonisis or antagonists. The compounds
can he used in the treatment of cognitive, neurological. and
mental disardees, a5 well as other disosders characterized by
decreased or increased cholinergic function.

Some of the compounds bave central and peripberal
analgesic and, or aliernatively, anti-inflammatory activity,
and thus can be administered to a mammal, including a
human, o ircal paia and inflammation. A method for the
treatment of pain ix also presented that inciudes administer-
ing an effuctive amount of the compound or iis pharmaceu-
tically acceptabk: saly or derivative, or mixwures thereof, 10
a host in need of analgesic therapy, optionally in a pharma-
ceutically sceeptable carrier or diluent.

The numbering scheme for 7-azabicyela[2.2.1}-beplane
and -heplene derivatives is as illustrated below.

The 7-azabicyclo[2.2.1}-hepianes and -hepicnes disclosed
hercin can exhibit 8 mumber of stercochemical configura-
tions. As discusced above, the compounds are prepared in a
Dicls-Alder cycloaddition reaction of a dicnophile wilh a
pyrmole, or a madification of the Diels Alder reaction involv-
ing the reaction of a dipolarophile with a
penaammincormium(ll) activated pyrole. [a the tramaition
state of the cycloaddition reaction, there are two possible
relstive orientations of the diene or dicnophiile, referred 1o as
endo and exo. Endo configurations sre focmed when other
unsalurated groups in (he dienophile (or dipolarophile) lie
ncar the devekoping double bond in the dicoe. Exo configu-
rations are formed when other unsaturated proups in the
dicnophile (or dipolarophile) lic sway from the developing
double bood in the diene. Depending on the substilution on
the carbon aloms, the ¢ndo and exo oriemations can yield
different sicreoisomers.

Carbon atoms 2, 3, 5 snd 6 in 7-azabicyclo[2.2,1Jheplanes
and carbon atoms 2 anxd 3 or 5 and 6 in 7-azabicyclof2.2.1]
heptenes are chiral when attached to differeat substituents. IT
at least one of the carbons in the mokecule are chiral, the
unsymmelrically substituted bicyclic compounds cxist as
one or more diaseceomeric pairs. The R groups in the active
compounds described herein can also inchudk: chiral carbons,
and thus, optically active centers.

It is sometimes found that one ar more cnantiomers of a
biologically active compound is more avtive, and perhaps
less toxic, than otber cnantiomers of the same compound.
Such enantiomerically enriched compuunds arc preferred
for phamaceutival administration to humaes or ather hosis.

One of ordinary skill in the art can casily separate the
vnantiomers of the disclosed compounds using convenlional
processes, and can evaluate the biological activity off the
isolated enantomers using methods disclosed berein or
otherwise known. Through the use of vhiral NMR shifi
reapents, polarimetry, or chiral HPLC, the optical earich-
ment of the compuund can be determined.

Classical meihuds of resolution include a varity of
physical and chemical 1echniques. For example, xinee the
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compound has a basic amine (N7), it can b reacted with a
chiral acid 1o form diasicreomeric salis that may possess
significantly differenl aolubility propenics. Nonlimiting
cxamples of chiral acids include malic ackl, mamkelic acid,
dibenzoyl tanaric ackd, 3-bromocamphor-Bsulfonic scid,
l(camphorsulfonic acid, and di-p-toluayltanaric avid, and
(-)}menthyl chloroformate. Similarly, acylation of a Iree
amine or hydroxyl group in the molecule with a chiral acid
abw results in thwe formation of a diastereomenic amide or
vsler whose physical properties may differ suficiently to
permil sepatation. Enantiomerically pure or cariched com-
pourkls can he abw oblained by passing 1be racemic mixture
through a chromatographic column that has been designed
tor chiral separations, including cyclodexirin bonded col-
umns marketed by Rainin Corporation.

Chiral benzylaled pymole complexes such as [Os(NH,),
(*—(ARHC-(pyrrule)))F*) can be uscd for enantioselective
synthesex of 7-azanorhomanes.

The following are nonlimiting exsmples of specific com-
pounds that fall within the scope of the iovention. These
examples are merely ¢xemplary, and are not inlended 1o
limit the scope of 1he invention.

{A) Epibutidioe isomers: 1-7-aza-2-exo(2-chloro-5-
pyridyly-bicyclof2.2.1}heplane and its pharmaceutically
acceptable sals, including the hydrochloride salt; 1-7-aza-
3.exo-{2-chloro-5-pyridvl)-bicyclo[22.1heprane and its
pharmaceutically acceptable salts, including the hydrochlo-
ride sall;

d and 1-7-axa-endo~{2-chloro-5-pyridyl)-bicyclof2.2.1]
heptane and its pharmaceutically acceptable salts,
including the hydrochloride salis;

(B) d and 1 enantiomers of the 7-azma-hicyclo[2.2.1]

heptanc derivalives containing the [ollowing substiluents:

A combination of 7-methyl. 7-allyl-,
7-eyclopropylmethyl, 7-cyclobutylmethyl,
7-phencthyl, 7-hydroxyethyl, 7-methoxyethyl,
7-methylthioelhyl, 7-dimethylaminopropyl,
7-lormamidinyl, 74{2-chloroethyl), 7-disodium phos-
phate and 74{4-methoxybenzyl) subslitucnis with »
2 x0-{2-chloro-5-pyridyl) substitueat;

2-exo-{3-pyridyl); 2-cado-{3-pyridyl); 7-methyl-2-exo-
(3-pyridyl): 7-cyclopropylmethyl-2-exo-{3-pyridyl):
7-phenethyl-2-xo-(}-pyridyl)

2-exo-{4-pyridyl); 7-methyl-2-cxo-{4-pyridvl); 7-allyl-2-
exa-(4-pyridyl); 7T-cyvclopropylmeihyl-2-exo-(4-
pyridyl);

2-x0{3-chloro-4-pyridyl}; 7-cyclopropylmethyl-2-exo-
(3-chloro-4-pyridyl); 7-pheneihyl-2-xo-{3-chloro-4-
pyridvl) 2-cxo-{2 chloro-3-pyridvl); 2-exo-{2-chloro-4-
pyricyl):

L.exo~{ 2-fluorn-5-pyriciyl); 2-exo-{2-methoxy-5-pyridyl);
2-exo-{2-mcthylthio-5-pyridyl); 2-¢xo-(2-methyl-5-
pyridyl); 2-exo-{2-Jimethylamino-5-pyridyl); 2-exo-
(2-hvdroxv-5-pyridyl) and their 7<cyclupropylmethyl
derivatives;

The exa and endo isomers of: 2-phenyl; 2-(3-
chlorophenyl): 2-(A-dimethylaminophenyl): 2-(3-
trifluoromethylphenyl); 2-(3,4-methyleocdioxyphenyl);
2-{3.4-dimcthoxypbeny)): 2-(4-Nuvropbenyl); 2-(4-
hydroxyphenyl): 2-(4-methylthiophenyl): 2-(4-
methylsulfonylphenyl). 2-(3.5-difluorophenyl); 2-(2-
chiorophenyl): 2+{2-naphthyl); 2-{7-methoxy-2-naphthyl);
2-(5-chloro-2-thienyl); 2-(chloro-5-thiazolyl): 2-(4-
pyrimidy1); 2-(2-chloro-5-pyrimidyl); 2-(5-chloro-2-
pyridazinyl); 2+{1.2,5-thiadiazol-3-v1); 2{5-dimethylamino-
2-furyl); 2-(5-indolyl); 2-(5-fluoro-3-indolyl): 2-(5-
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methoxy-3-indolyl); 2-(4-chlorobenzyl): 2-{5-chloro-3-
pyridvimethyl): 2-{4-pyridylmethyl); 2-nicotinyl: 2<{6-
chioronicotinvl); 2-isonicolinyl; 2<{3-chlomo~-sonicotinyl);
Y4-chlorobenzoyl); 2-{4-dimcthylaminohenzoyl); 2-(3,4-
dimethoxybenzoyl) and their 7-methyl,
T<yclopropyimethyl, 7-allyl and 7-phencthyl derivatives.

(C) The exo and endo isomers of 7-aza-2<{2-chloro-5-
pyridyl}-bicyvelo{2.2,1Theptane coptaining the following
subsiitucnis at the 1, 2, 3, 4, 5 or 6 positions:

I or 4-methyl: 1 or 4-hydroxymethyl; 1 or

+methaxymelhyl; 1 or 4-carbomethoxy: | or 3-allyl; 1
or 4beozvl; 1 or 4-(4-Buorohcnzyl); 1 or 4-(4-
metboxybenzyl): 1,4-dimethyl; 1,4-bis
{bydroxymethyl); 1,4-bis(methoxymethyl); 1.6 or 4.5-
butylidene;

Endo or exo-2-melhyl; 3-bydroxymethyl;
3-methoxymethyl; 3-carbomethoxy: 3-carboxy;
3-carbamyl; 3-cyano: 3-acelyl; 3-aminomethyl;
3.dimeth¥lamipomethyl; 3-methylthiomethyl;
3-phenylsulfonyl; 3-methanesulionyl; 3-beozyl;
3allyl; 3cyano-1,4-dimethyl; 3-hvdroxymethyl-1.4-
dimethyl. 3-methoxymethyl-1.4-dimethyl;
3-methylthiomethyl-1,4-dimethyl; 5,6-bis
{trilluoromethyl); S or 6-methoxy: S or 6-methyl; 5,6-
dimethyl; 5,6-dicarbomethoxy; 5,6-bis
{hydroxymethyl); 5,6-bis{(meihoxymethyl); 5 or
6-chloro; 5 or 6-bydroxy: 5,6-dehydro; 5,6-dehydro-1,
4-dimethyl; 3,3-dimethyl; 2-methyl; 23-dimethyl, 5.6-
methylene:

and their cormesponding 7-methyl, 7-cyclopropylmethyl,
1-allyl, 7-phenethyl and 7<(4-Buombeazyl) derivatives.

(D) 7-Aza-2-(2-chloro-5-pyridyl)-bicyclof2.2.1]hept-2-
eoe and its 7-methyl, 7-allyl, 7-cyclopropylmethyl,
T-pbenethyl and 7-{4-methoxyphepelhyl) derivatives; and

the comesponding 1.4-dimethyl; 1 or 4-methyl; 5.6-
dimethyl and 5,6-bis{trifluoromeihyl) snalogs.

{E) Benazo{ 5a,6aJepibatidine and its N-methyl derivative;
2. 3-dchydroepibatidine; 5,6-bis{triluoromethyl)
deschloroepibatidine; 2-carbomethoxy-7-methyl-7-
azabicyclo2.2.1]heptane; 2-cyano-7-methyl-7-szabicyclo
[2.2.1]hcptanc: trans-2,3-bis-carbomethoxy-7-azabicyclo
[22.1}-beptane; ¢xo-2-amino-7-methyl-7-szabicyclof2.2.1]
-hepiane: exo-2-( 1-pyrrolylmethyl)-7-muthyl-7-azabicyclo
[2.2.1]heprans; exo-2-hydroxymethyl-7-methyl-7-
ambicycio{1.2. 1 Jwplane; exo-2-hydroxymethyl-7-methyl-
2-azabicyclof2.2. 1 ]heplane.

(F) exo-2-acctamidomethyl-7-methyl-7-azsbicyclof 2.2.1]
beptane: exo-2-benzamidomethyl-7-methyl-7-azabicyclo
[2.2.1]heptanc: N-[exo-2-(T-methyl-7-azabicyelo{2.2.1]
beptyl)methyl}N"-pheayl urea; oxo-2.5'{Y-methyl-1°.24'-
ozadiazolyl)-7-methyl-7-azabicyclof2.2. t eprane; exo-2,
3<(3"-methyl-1'.2" 4'-oxadjazolyl)-1.4-dimethyl-7-
azabicyclo[2.2.1]heptane; endo-2.5-(3-methyt-1',2",4'-
oxadiazolyl)-7-methyl-7-azabicyclo[2.2.1 Jheplane; exo-2,
¥A{¥{4-mcthoxvpheayl}-1".2 4'-cxadiazolyl)-7-meihyl)-7-
azahicyclo[2.2.1Jheptane: endo-2,2'-(5'-methyl-1",3",4'-
oxadiazolyl)-7-methyl-7-azabicyclof2.2.1 heptane; exo-2,
2’45 -methyl-1°,Y' 4"-oxadiazolyl)-7-methyl-7-azabicyclo
[2.2.1]eptaoe; 2-carbomethoxy-7-(3' 5'dimethylbenzyl)-7-
azabicyclo[2.2.1 Theptane; 2-carbomeibnxy-7-azabicyclo
[2.2. 1 epranc: (2){ex0)-7-(1,1-dimcihylethoxycarbonyl)-
7-uzabicyclo[2.2.1]heplan-2-one; (2)-7{1.1-dimethyl-
cthoxycarbonyl)-7-azabicyclo[2.2.1]heplan-2-viickne; (2)-
{ex0)-7< L.1-dimethylethoxyearbonyl)-2-hydroxymethyl-7-
azahicyelo[2.2. 1]beprane; (2)-(exo)-7-{1,1-
dimethyleiboxycarbonyl)-2-formyl-7-azahivyclo[2.2.1]
heptane; (z)cx0)-21"{2"2'-dibromo-1"-cthenyl)}- 7+ 1,1-
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dimethyleiboxyearbonyl)-7-azabicych{2.2.1 ]beptane; (2}
{cx0)-2 L"-cthynyl)-7-(1,.1<limethylethoxycarbonyl)-7-
anabicyclo[2.2. 1 Thepane; (z)-7{dimcihylethoxycarhoayl)
2{5'{¥-methyl)isoxazolyl]-7-azabicyclo[2.2.1Jhepianc;
{5 (¥-methyl)isoxazolyl]-7-azabicyclo[ 2.2.1 Jhcpiane;
3{5(¥-methyl)isoxazolyl]-7-szabicyclo[ 2.2.1 Theptane:
{z)-{cx0)-T-(methoxycarbonyl)-2-(2'-quinolyl)-7-
azabicyclo{2.2.1]heptane; (x)-{exn)-2-{2'-quinolyl)-7-
azahicyclo[2.1.1]heptane; (x)-{cxq)-T-methyl-2-(2'-
guinulyl)-7-azabicyclof2.2.1]heptane; 2-+(5-oxazolc)-7-
methyl-7-azanorhomane; 2-{1°.3.4'-oxadiazole)-7-methyl-
7-azanorbormane; 2-(tetrazole}-7-methyl-7-azanorbumane:
2-{imidazole)-7-methyl-7-nzanorboraane:
2-{benzopyrimidinone)-7-methyl-7-azanorhornane:
J-tacvlamina)-7-methyl-7-azanorbornane and
24 ucvlaminomethyl)-7-methyl-7-azanorbornane.

HI. Mcthods for the Synthesis of Optionally Substituted
7-Asabicyelo[2.2.1 Hiepanes und -beprencs

A. SYNTIIESIS OF THE 7-AZABICYCLO[2.2.1]-
VLPEANE OR -HEPTENE RING SYSTEM FROM PYR-
RN LS VIA PENTAAMMINEOSMIUM(II) COM-
PLLXLS

I has bhxn discovered that 7-azahicyclo[2.2.1]-heptamn:
and -hepiene derivalives can be prepared by combining a
dipularaphile with an oplionally substituted pyrrole that has
been complexed with pentasmmineosmium(IT).

Any dipolarophile can be used in this reaction Lhat reacts
with 1he pentaammineosmium pymole complex o provide
an uptionally substituted 7-azabicyelo[2.2.1]-beplem:,
which o casily convented to the comesponding 7-azshicyclo
[2.2.1}hemane. Examples of dipolarophiles include com-
puund of the structure Z,—CemC—Z.,, wherein Z, and Z,
are inkpendently cleciron withdrawing groups, including
without limitalion, esters, nitriles, ketones, aldchvdes,
amides, —NO,, sulfones, anbydrides, —CF,, pyridizium
salts, and for example, CO{alkyl, aryl or heteroaryl), C(O)H.
Ctd(ulkyl, aryl, or beteroaryl), SO.({alkyl. arvl, or
heteroary), or wherein 2, and Z. are together (C0)0. or
(C).N. Specific compounds include N-methylaed and
G-carhoxyvlated pyridyl acrylates, alkyl acrylate, alkyl
methaerviaie, pyridyl subsiituted vinyl sulfones.
acryvionitrikes, anhydrides, maleimides, alpha-methylenc-d-
hulyrolacione, maleates, and fumanies.

Anmlopously, any optionally subsliluled pyrole can be
wied that on complexation with pentaammineosmium(1l)
will react with a dipolarophile. Examples of suitable pyr-
roles include 2,5-dislkylpyrrole, 2-alkylpyrrale.
Jalkylpymole, 1-alkylpyrrole, 3,4<dialkylpyrok, pyrmole,
1-silylated pyvrroke, (1. 2. or 3lalkoxy or amino pyvmok,
2 M- dialkoxypyrrole, 2,5-dialkoxypyrrole, and 33-
diatkuxypyrmule.

As shown helow in Scheme 1, a complex is readily
farmed belween pyrrole and the =x-hase
pentaammincosmiumi{[) i which the osmium voordinaes
the beterueyele across C2 and C3. A1 20° C., this specivs is
in equilibrium with its linkage isomer in which the melal
hinds across €3 and C4. Although the 3.4-n specics is anly
a minur component (AG,,>3 keal/mol), the metal coordi-
pation in this species renders the remaining ponion of the
pyrrole an azomethine ylide (R.C*—N(R)—C—
R.=R.C=N“{R)—C"R.), and thereby dramatically
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enhances the tendency of the ligand 1o undergo a 1.3-dipolar
cycloaddition with suitable dipularophiles.

aheme 1
?l
Rs N Ra Ou(NHWOTF)
f A
! )
Ry, : N Ry R: N Ry
—
X 7" ="}
o(in” \_f
L (Il
}
NR,
Ry
Z: 4 Zx
“""\lj? =t
R:
z,
Dipabar cyclondetition of w-pyrrole
complcx wh dipoimrophile.
On{l0) = [OM{NELA] (OTT):.

The resulting 7-azabicyclo[2.2.1]bepi-5-cne ligand is
unstable with respect 1o cycloreversion, but metal coordi-
nation greatly stabilizes the complex and thus provides the
opporiunity o carry out functional group transformations
while keoping the bicyclic framework intact. For example,
derivatization of electroa-withdrawing groups in the 2- or
3-positions of the norbornene frumework, vsing conven-
tional processex, provides a wide amy of functionalized
7-azanorbornenes. Specifically, as shown in Scheme 2
below, the exo-carbonyl cyclosdduct complex 2, prepared in
a onec-pot synibesis from 2,5-dimethylpyrrole, is reduced 1o
the corresponding alcohol and oxidatively decomplexed 10
yield the relatively inaccessible 5-hydroxymethyl-7-
azaporbornens 3.

Scheme 1

1. Ou{NH s{OTH) . Myg®

H
c“xér“" it
NH

L)

&«
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~conlinued ~continued
Scheme 2 Nctly 6
COLCH)
i s ogh
. Clh
2 CH:OH
O
% 10
avenall
COXCHCH,
Synthesis of n *-Substilutel An aliemative method for atabilization of the azabicyclo

7-aancibarment (O (11} = [ONNHin]
(Cxf)z): DMA: = N, N-
dimethylacetamide: Ol = CPSO

This approach can be used 10 coostruct the ¢pibatidine
ring sysiem if a 3-vinyl pyridine is used a5 1he dipolarophile.
The use of methyl-trans-3-{3-pyridyl)-acrylatc in 1he above
reaction sequence (using the 2,5-dimethylpyrrole complex
shown in Scheme 2), yiclds compound 4, shown below,
which contains the carbon skeleton of the narural prduct.

Lipibatidine hax no substitution at the bridgehead carbons
(C?! and C*). The reactivity of simpie pentaamminecsmium
{II}-pyrole complexes with dipolarophiles decreases in the
order 2.5-dimethylpyrrole>N-methylpyrrole>pyrrole.,
Guncrally, additional activation of the dipolarophike, by
careful selection of the ¢lectron withdrawing group attached
to the olefin, or high pressure is required to obtain cycload-
ducts without substitwtion at the bridgehead positions.
Although the parent pyrrole complex pives complex
mixiures, the N-methyl pyrrole reacts with the N-methylated
and S-carhoxylated pyridyl acrylates to yicld cvcloadducts 5
and 6 as singh: diaslercomers.

NCi 5

il COLCHL
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[2.2.1Thcptane mcleus involves protonation of the second-
ary amine (and pyridyl proup) followed by oxidative
removal of the metal and in situ bydrogenation of the
azanorbornene. An example of this method is shown in
Scheme 3 below for the synthesis of the 1,4-dimethyl-exo-
carbomethoxy-norchlorocpibatidine 7.

Devomplexalion and bydrozenation 1o
generale 2 T-azanarhomane.
AOu[*= [O{NH)ls] (Oxf1z)

The process for preparing optionally substiluted
T-azabicyclof2.2.1Jheplanes and 7-azabicyclof2.2.1jhept-5-
emes via pentaammincosmiuvm(il) complexes procceds in
three steps. In the fimt siep, the oplionally substiluted
pyrrole is ireated with pentaamminecsmium({Il). An excess
aof the pyrrole complex is usually preferred.
Pentaammincosmium{!l) is pencrated in situ by the reduc-
tion of peatsammincosmium(III) wilh a one ekctron reduc-
ing agent that has a reducing potential of less than -0.75
volis versus hydmogen. The counleranion of pentaammin-
cosmium (1I) can be any anion thal does nol adverscly affect
the ovenll reaction. Typical counteranions are C¥,80,"
{OU"), PF,, X~. and (alkyl or aryl}SO,".

Any chemical or electrochemical reducing apent that can
recuce the osmium complex from a 111 valence state to a 11
valepce staic and which dous not cause or participalc in
undesired side reactions is suitable. Examples of appropriate
reducing agents inclwde magnesium, zinc, aluminum,
sodium, cobalocene amd electrochemical reduction. In a
prefemmed embodiment, activated magnesium powder is
used.

The optionally substituted pyrrole, pentaamminecsmium
(1), and reducing agent are stirred at a lemperature anging
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between (° C. and 50* C. until (e desired organometaliic
complex is formed, typically between (.1 and 1.0 hours. The
reaction can be carricd out in a polar or nonpolar solvent,
including but et limited 10 N,N-dimethylacetamide, N.N-
dimehylformamide, water, methanol, acekmitrile, acetone,
dimetbylsulfoxide, C11.Cl., or dimcthaxyethane. The reac-
tion is carried oul in the absence of O, axd lypically under
nitrogen., at a pressure of 1 atm or greaker.

In the second sicp of the process, the dipolarophile is
atkled 1o the stirring solution of the pyrrule pentaammin-
cosmium (11} complex 10 produce an oplionally substituied
7-azabicyclo{2.2.1Jhept-5-cme. Any molar ratio of dipolar-
phile 10 pyrrok: can he used that provides the desined resulis.
‘Typically. 2 molar ratio of dipolarophik: W pyrrole ranging
hetween approximaiely | and 10 provides a suitable yield of
product, The reaction solution is stirred at a temperature
ranging between 10° and 50° C. until the product is formed.,
typically between 1 and 24 howrs.

In an optional siep afier 1be bicyclic ring sysiem is
formed, and whike pentaammioeosminm is still complexed
w the pi-orbital of the beptene moicty, functional groups on
the bicyclic ring can be derivatized using conventional
processes. For example, esters can be neduced to alcohols,
nitriles 10 aminex, sulfooes 10 sulfides, nitro groups to
amines, and amides 10 amines. Sulfoocs and carboxylaies
can be reductively climinaved using the Barton decarboxy-
lation procedure. High wmperatures and sirong bases should
bhe avoided in the functicnalization procedures Lo avoid ring
disruption and uawanied side reactions.

In the third step of the reaction, the pentaammincosminm
{I) compkx is removed from the optionally substituted
T-anbicyclef2.2. 1 Fwpl-5-ene by, for example, treatment
with cerium (1V) or oxyien in acidic solutinn. For example,
the T-azabicycla[2.2.1Thept-5-¢me can be treated with one
equivalent of cerium reagent at 20° C. in a polar solvemt such
as acetonitrile. Approprinte reagents include Ce{NO,),
(NH,}.. DDQ, and other inanganic or organic oxidants with
E>+(.70 volts versus hydrogen. Allematively, the osmium
rcagent can be removed by heating the complex as
necessary, wsually hetwien approximately 50° C. and 100°
C.

Using 1be method of svatbesis described abave, a wide
variely of subslituted 7-azanorbornancs and
7-azanorbormenes can be prepared. Examples of represen-
lative compounds arc summarized in Tables 1 and 2.

Some of them are us:ful as intermediates for the synthesis
of desired compounds coptaining complex heteroaryl or
polar substituents as R. and/or R;.

TABLE 1
R
'\\.\'
I t-‘ R;
R

R, R; R,
Tanbicyclo|2.2. 1 pepane H exo-CII.0M1T H

i exo-CHINI. H

H em-CH, Ol endo-3py

1 exo-COCH,  code-Xpy

H exo-LCLH,  emo-Mpy

] exn-50 .Fh endo-}py

n emlo-30),Ph cED-3-py
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TABLE l-vntinued
R
\:\:
Ry
I| R; I‘,
T-ambicyciof 2.2 ] pep-S-ene 1 e-CHOH I
Ch: coCHOH H
v exo-OCBx H |
n on-CH,Of  eado-Mpy
TABLE 2
l'\s
R:
Ry
Eamplc R, R R,
13 CH, -COO0OMe H
15 CH, endo-COOME H
s CH; emeC==N H
16 C‘I'l, endo-C=N H
17 H aCOOMe endo-CCOMe
I H e —CO)—Nrf)—CO0)—
W H el —COI—NPH—CO)~
v B oo —CO1—NF)—C0)—
M H an —C(0)—NFh—0o)—
321  CH, e=-CH.NH, H
22 CH, emCHXNCH, H
33 CH, coCH.OH H
34 CH, c=CH.00CPh H

258

Metbods for preparing compounds of Formula (I) via
derivatization of a 5,6-n7-7-aza-bicyclo[2.2.1 hepl-5-enc
arc set out below. These examples are merely illusirative,
and are not inkended to limit the scope of the invenlion.

EXAMPLE 1

Preparation of 1.4-Dimethyl-2-exo-{hydroxymeihyl)
-T-atabicyclo{2.2.{ hept-5-cne (8)

A salution of the 5,6-n° asmium complex of compound 8
(727 my. 1.0 mmol) in 2 grams acetonitrile was protonated
with cxoess Lriflic acid (250 mg. 1.67 mmol) and trealed at
~10* C. with a likewisc-coakd solution of ceric ammonium
nitrate (560 mg. 1.02 mmol) and triflic acid (560 mg, 3.73
mmol} in 2 grams acetonitrike, Water (1-2 ml) was added 10
dissolve 1he precipitsted salis, 1be mixture made basic with
40 ml 10% aqueous sodium carbonate and the product
extracted with 5:30 ml methylene chloride. The exiract was
dried over MgSO, and the solvem cvaporated, yiclding 147
mg of brown oil. The crude product was purificd by silics gel
column chromatography wsing 1:10 of 15 wit % NH, in
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methanolmethylene chloride, yiclding 62 mg (41%) of purc
8. (oil, R=0.5). 'H NMR (3K Mliz, CDCl,)d 6.31 (d, J=53
Hz, 1H), 6.09 (d, J=5.3 Hz, 1H), 3.99 (dd, J=10.3, 2.] Hz,
1§}, 3.67 (dd, I=103, 2.1, 1H), 3.6-28 (v br, ~2H, OH and
NH). 1.4-1.8 (m, 3). 1.48 (s. 3H), 147 (s, 3H); *C NMR
(75 MHz, CDCl,) d 145.2 (CH), 141.5 (CH), 69.9 (C), 67.0
{C). 61.5 (CH.), 41.7 {CH), 37.0 (CH,), 18.9 (CH,), 15.7
(CH,). This material was further characterized by conver-
%ion lo the picrate salt. m.p. 186°-188° C.; Anal. Caled. for
C,sH,.N,0,: C, 47.12: H, 4.75; N, 14.65. Found: C, 46.96;
H, 452, N, 14.66.

EXAMPLE 2

Preparation of N-CBZ-1,4-Dimethyl-2-exo-
{hydroxymethyl)-7-azahicyclo[2.2.1 Thept-5-coe (9)
and N,0-Bis-CBZ-1.4-Dimethyl-2-¢xo-
(hydroxymethyl)-7-azabicyclo[2.2. 1 Thept-5-cne {10)

The crude aminoalcohol 8 obtained from 1.0 mmol of the
asumium complex as described above was suspended in a
solution of aqueous Na.CO, (0.38 grams in 2 grams water),
and the mixture chilied i G* C. Benzyl chloroformate (510
mg. 3 mmol) was added, and the mixture allowed 1o warm
1o roam temperalure with vigarous stirring. After 20 hours
a1 25° C. the mixture was extracted with methylene chloride,
and the exiracts dried and rotoevaporated, yielding 0.4
grams of brown cil. The crude material was chromato-
graphed twice using 1:8 ethy] acetate/petroleum ether, yield-
ing 43 mg (10%) of 9 and 64 mg (22%) of 10 (R=0.5 and
0.1, respectively) For 9: ‘H NMR(300 MHz, ) d7.32
{m, 5H, Phenyl), 6.06 (ABq, J=5.7 Hz, 2H, H5 and H6), 5.04
(s, 2H, OCH,Ph), 3.69 (m, 2H, CH.OH), 2.18 (br s, 1H,
OH), 1.75 (2xs, 6H. CH,), 1.7 (m, overlap, 1H), 1.55 (m,
ZH): *C NMR (75 MHz, CDCl,) d 155.2 (CO), 1405 (CH,
CS or C6), 140.2 (CH, C6 or C5), 136.4 (C, ipso), 1283
(CH), 127.9 (CH), 1278 (CH). 71.1 (C), 69.0 (C), 664
(CH.OH), 63.0 (CH.), 45.6 {CH), 37.7 (CH_), 19.4 (CH,),
16.8 (CH,). For 10: *H NMR(300 MHz, CDCl,) d 7.37 (m,
5H, Phenyl), 732 (m, 5H, Phenyl), 6.07 (ABq, J=55 Hz,
2H, H5 and H6), 5.16 (s, 2H, OCH.Ph), 5.05 (ABq, J=135
Hz.2H, OCH.Ph), 4.33 (dd, J=10.5, 7 Hz, 1H, %
CH.OCBZ), 406 (dd, J=105, 7.5 Hz, 1H, ¥%CH.OCBZ)
1.94 {m, 1H, H2), 1.79 (s. 3H, CH,) 1.75 (s, 311, CH,), 1.60)
(dd, J=11.4, 9 Hz, 1H, H3_,), 1.4 (dd, J=ll.4, 3.6 He,
H3...) C NMR (75 MHz, CDCl,) d 155.0 (CO), 154.9
(CO), 140.5 (CH, C5 or C6), 140.5 (CH, C6 or C5), 136.4
(C, ipso), 135.2 (C, ipso), 128.5 (overlap of 2xCH), 1284
(CH), 128.3 (CH), 128.0 (CH), 1278 (CH), 708 (C), 696
{overiap of 2xCH.), 68.9 (C), 66.3 (CH.O), 43.2 (CH, C5),
38.7 (CH., C6), 19.3 (CH,), 17.0 (CH,).

EXAMPLE 3

Preparation of 1.4-Dimethy)-2-endo~(3-pyridyD)-3-
exo-{bydroxymethyl)-7-azabicyclof2.2.1Thept-5-cne
(11)

The comsponding 5,6-n° osmium complex was treated
as described above for compound 8. Diagnostic *H NMR
infocmation: 643 (d, J=5H, 1H, H5 or H6), 6.0 (d, J=6 Hz,
1H, 16 or H5), 4.0 (dd, J=10,25 Hz, 1H, ¥ CH.OIi), 3.75
(dd, J=10, 2.5 Hz, % CH,OH), 155 (s, CH,), 1.38 (s, CH,)-

EXAMPLE 4

Preparation of |.4-Dimethyl-2-exo-{hydroxymethyl)
=T-azabicyclo[2.2.1Theptane (12)
A sample of crude compournd 8 (85 mg, 0.56 mmol) was
slirmed with 30 my 1Y% Pd-on-C ax! (.5 g methanol in a
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5-ml round-bottomed Bask under | atmosphere of H., for 30
minutes. The reaction mixture was tiltered through celite aud
evaporaled, yiclding 78 mg of oil. Purification by prepana-
tive thin layer chromatography {(0.25 mm, 20x20 cm;
Elueni=l:6 15% NH, in MeOH, CH.Cl.), yielded 14 mg
(16%) of purc 12 (R/=005) ‘H NMR(300 MHz, CDCl,) d
3.89 (br, 2H, N1l and OH), 3.82 (d J=10.6 Hz, '* CH.OH),
338 {d, J=10.6 Hz, ¥t CH.OH), 1.7-1.5 (m, 7H, 3xCH+
CH), L.41 (s, 311, CH,), 1.37 (s, 3H, CH,) **C NMR (75
MHz, CDCl,) d 668, 64.0, 63.8, 45.5, 40.0, 39.1, 39.07,
206, 178

EXAMPLE 5

Preparation of 1,4-Dimcthyl-2-exo-carboxymethyl-
Zazbicycio[2.2 t Jheptane (13)

The corresponding 2,3-n2-osmium complex 18 was pro-
tonated and decomplexed with Ce(IV) as described for E.
The aceionitrile was eveporated and the unstable, protonated
7-azanorbormene hydrogenated in methanol as desceibed For
12. Compound 13 was obtained as ap oil following an
aqueous workup (¢.g., see procedure for 8) and preparative
thin layer chromaiography purification. *H NMR{300 MHz,
CDCl,) d 3.60 (s, 3H, CH;0), 2.63 (dd, J=8.1, 5.1 Hz, LH,
H2), 2.49 (br s, 1H, NH), 1.82 (dd, J=12.2, 8.1 Hz, IH,
H3 ), 1.75-1.2 (m, owerlap, 5H), 1.32 (s, CH,), L2 (s,
3H, CH,); }*C NMR (75 MHz, CDCl,) d 176.5 (CO), 67.7,
63.4, 53.0, 513, 44.0, 38,3, 36.7, 205, 18.3.

EXAMPLE 6

Preparation of 1.4-Dimethyl-2-eado-(3'-pyridy!)-3-
exo-carboxymethyl-7-azabicyclo[2.2.1 Jheptane
(142) and its exo~pyridyl-endo-carboxyl isomer

(14b)

These isomers were obined as an imseparable 94:6
mixture from the corrcaponding mixture of osmium com-
plexes following the procedure for 13, For 14a, *H NMR
(300 MHz, CDCL,) d 8.45 (m, 2H. H2' and H6' overlap),
749 (dt,J=7.8, 1.5 Hz, 1H, H#4'), 7.23 (dd, J=7.8,48 Hz, 1H,
HS"), 3.64 (s, 3H, CH,0), 3.29 (dd, J=5.9, 2.1 Hz, 1H, H2),
2.95 (d, J=5.9 Hz, 1H, H3), 2.62 (br 5, 1H, NH), 1.85-1.6
(m, 2H, CH.'s), 1.5 {m, 1H), L.35 (m, 1H), 129 (s, 3H,
CH,), 1.26 (s, 3H, CH,); **C NMR (75 MHz. CDCl,) d
175.7(C0), 1498 (CH), 148.2 (CH), 1353 (CH), 1 3.1 (O),
123.1 (CH), 67.6 (3xC overlap), 58.7 (CH), 583 (CH), 51.7
(CH,0), 38.6 (C11.), 303 (CH.), 19.3 (CH,). 18.7 (CH,).
Diagnostic features of L4h: d 3.36 (d, J=6 Hz, H2), 2.8 (dd,
J=6, 2 Hz, H})

EXAMPLE ?

Preparation of 1,4-Dimethyl-2-endo~(3"-pyridyl)-3-
exo-{hydroxymethyl)-7-azabicyclo{2.2.1 Theplan:
(15)

Compound 14 was reduced with lithium aluminum
hydride in ctber, vickling a clear resin after an aqueous
workup. Diagpegtic *H NMR rosonances: 3.87 (dd, J=10.6,
23 Hz, 1H, ¥ CH-OH), 3.46 (dd, J=10.6, 3.0 Hz, 111, %
CH2GH), 3.16 (dd, J=5.0, 1.9 Hz, 1H, H2), 1.5(s, 3H, Cll,),
1.25 (s, 3H, CH,)

EXAMPLE 8
Preparation of 1,4-Dimethyl-2-endo-{3"-pyridyl)-3-
exa-pheaylsulfonyl-7-azabicyclof 2.2.1 Jhcptane
(L6a) and its exo-pyridyl, ¢ndo-phenylsulfonyl
isomer (16b)

The procedure for compounds 13 and 14 was followed
viclding a mixture of isomeric 7-azanorbornancs. Diagnestic
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TH NMR peaks for major momer: 3.6 (d, J=7 Hz 1H,
CH_.) 295 (dd, J=7, L5 Hz, LH, CH_ ). 1.B5 (s 3H,
CH,), 125 {s. 3H. CH,)

EXAMPLE 9

Proparation of [OR(NT,)(2.3-17-2,5-
dimethylpyrrole)XOTI). (17)

To a solution of [Os(NH,);OT]OTI(1.445 grams, 2.00
mmol) in 15 grams N,N-dimethylaceiamide was added
2, 5-dimethylpvrrole (1.5 g, 16 mmol) and activated Mg
(1.0 g. 41 mmol) and the slurry stirred for 45-60 minutes.
The slurry was filiered through a medium-porosity frit into
150 ml CH.Cl., giving a light yellow precipitate, which was
tiltered, washed with CH.Cl, and ¢ther, then dried. The yicld
of & light-yellow powder was 1.23-1.31 g (92-98%).

EXAMPLE 10

Preparation of §,6-ex0-1"-Os{NH,) -1 4-dimethyl-
2-exo-carbumethoxy-7-azabicyclo{2.2.1 ept-5-
enc)}(OTY). (18)

The 25-dimethylpyrrole complex (669 mg, 1.0 mmol)
was suspeaded in 2 grams methyl acrylate and the shury
stirred for 1 bour. Acctonilrile (c. 1 ml) was added 0
dizsolve the solids and the resulting solution added dropwisc
to 50 ml of ether while stirring. The precipitate was filtered,
washed with ether and dried, yiclding 730 mg (97%) of an
off-white powder. 'H NMR (300 MHz, CD,CN) d 3.97 (br
s, 3H, rans-NH,), 3.65 (s, 3H, CH,0), 334 (br s, 12H,
cis-NH,), 3.17 (d, J=6.3 Hz, 2H, H5 or H6), 3.13 (d, J=6.3
Hz, 1H, Hé or H5), 2.77 (dd, J=8.1, 4.2 Hz, 1H, H2), 2.14
{be s, 1H, NH), 2.05 {dd, }=11.6, 8.1 Hz, 1H, H3__,), 1.63
(dd J=11.6, 42 Hz, H3,_,), 1.39 (s, 3H, CH,), 1.24 (s, 3H,

CH,); **C NMR (75 MHz, CD,CN)d 176.4 (CO), 75.7(C), °

71.0 (C), 59.1 (CH), 58.0 (CH), 553 (CH), 51.6 (OCH,)
47.1 (CH.), 183 (CH,), 15.9 (CH,);

AnaL Caled. for C,-HyN,0,S-F.0Os: C, 19.10; H, 401;
N, 11.14. Found: C, 18.57; H, 3.96; N, 11.02.

EXAMPLE 11

Preparation of Pentaammineosmivm-Pyrrole
Complexes: 2,3-0°{OS(NH,),]-LigandXOTD).,
where Ligand s pyrrole or N-methyl pyrrole

A mixture of [O(NH,),0TTKOTL.) (723 mg, 1.0 mmol),
N,N-dimuthylacctamide (1 g), DME (3 g), pyrrole or
N-metbyl pvmole (1 g) and magnesium (0.5 g) was stimed
for 1 bour Tl solution was filiered through a &-ml
medium fritted plass funnel with the aid of 10-15 ml of
DME, and the filtrate added dropwise to methylenc chloride
(150 ml). The resulting precipitatc was filtered, and washed
with pontions of methylen: chloride (20 mi) and ether (2x20
ml), and dricd under nitrogen. The yield of this reaction is
typically 90-95% of a vellow-orange solid containing
approximately 8% of a binuclear impurity.

EXAMPLE 12

Prcparation of Pentsammincosmium-Cycloadduct
Complexes

The penlaammincosmium-pyrrole complex oblained
from Example 11 was ireated with an excess (3-30 ¢q) of a
dipelarophile in eilher acetonitrile or N,N-
dimethylacetamide solution. Atler 1-10 hours, the solution
was added 10 ether or methylene chloride with stirring (20
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ml of ether per gram of acetonitrike or 75 ml methylene
chlorick: per gram of N,N=dimethylacctamide). The resulting
precipitate was worked up as described in Example 11
providing a yield of 85-95%.

EXAMPIE 13

One-Pol Process for the Synthesis of
Penlaammineosmium-Cycloadduct Complexes

Adipolarophile (e.g., methyl acrylaie) was added directly
1o the reaction mixiure in the synthesis of the parent pyrmole
complex as described in Example 11. After a suitable
reaction time (¢.g.. 1-10 bours), the mixtore was filtered ©
remave the magnesium, and the filimie was added w0 1:1
methylene-chloride/etber (100 ml for every gram of N,N-
dimcthylacetamide used in the synthesis) with stirring. The
solid was isolated as described in Example 11 yielding the
cychnadduct complex as mono-N,N-dimeibylacetamides sol-
vate in ~95% yield.

EXAMPLE 14

Onec-Pol Process for the Synibesis of 7-
Azanorbomanes from 1he Pemtaammincosmium-
Cycloadduct Complex

The cycloadduct complex (1.0 mmol) prepared in
Example 13 was dissolved in acelonilrilo (4 g), protonated
with rriflic acid (3-S5 eq), and ircated with DDQ (1 eq). The
dark solution was tranaferred to a 50-ml round-bottomed
fask with the aid of an additional 20 ml of acetonitrile,
treated with 10% palladium-on-carbon (approximately 0.5
£. 40 mole %), and hydrogenated under | atm H. (balloon)
for a suitable period of time (2-20 bours) (The pyrrole-
derived complexes, lacking a substituent on pilrogen, under-
went reductive amination to N-ethyl derivatives in acetoni-
trile. In these cases the solvent was evapormied and the
reduction carried out in methanol). Warkup A: The reaction
mixture was filiered through celite (o remove the Pd/C, the
cake washed with acetonitrile (or methanol), and the filtrate
evaparated. The residuc was dissolved in water
(approximately 10-15 ml), trupsfcrred 0 & scparstory
funmel, rendered basic with 10% squeous Na.CO, (20 ml)
and exiacted with methylene chlonids (3x40 ml). The
cxiract was dried over MgSO, and evaporated, yiclding 1he
crude 7-azanorbomanes. Workup B: The bydrogenation
rcaction mixture was treated with 1 ml NH,OH, diluted with
an equal volume of methylene chloride (about 30 ml), then
fliered directly through 20 cc of silica gel in a 30-ml
medivm [ritted glass funnel. The flask and silica were
washed with an additional 2x30' ml of I:1 methylene
chloride/acetonitrile (or methanol) containing —~3-5%
NILOH, and the combined eluent evaporated, yielding the
cnik 7-azanorbornaoes.

EXAMPLE 15

Preparation ol 2-Carhomethoxy-7-methyl-7-
azabicyelo[2.2.1 Jeptancs

These compounxds, obtaioed as a 1:1 mixture of isomers,
were prepared in 66% overall yicld from N-methyl] pymole
and methyl acrylate using the method st forth in Examples
13 and 14 (workup B). The isomers were sepanaied by
prepanative thin layer chromalograpby wsing §:1:5 HMDS/
Muihanol/methylene chloride: Exo isomer (1): R=0.76; *H
NMR (CDCl,) d 3.66 (s, 31, (1,0), 3.62 (d, J=4.2 Hz, 111,
EH), 330 (1, J=d.0r Ha, 11, HA), 2.40 ik, J=9.6, 5.4 Hz, 1H,
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H2), 2.21 (s, 3H, CH,N). 2.18 (m, LH). 1.86 (m, 2H), 1.57
(dd, J=12.6, 9.6 Hz, 1H, H3,_), 1.33 {(m. 2H); '*C NMR
(CDC1,) b 174.6 {C, CO), 64.2(CH, Cl or C4), 6.1 (CH,
C4 or C1), 51.9 (CH,, CH,0), 474 (CH, C2), 345 (CH,,
CH,N), 333 (CH.), 26.7 {CH.), 26.2 (CH.); Endo isomer
{2): R=0.62; *"H NMR (CDCl,) 8 3.65 (s, 3H, CH,0), 3.44
{t. J=4.5 Hz, 1H, H1 or H4), 3.21 (t, J=4.5 Hz, LH, H4 or
t1), 3.08 (m, LH, H2), 2.26 (s, 3H, CH;N). 1.95 (m, 1H),
1.75 (m, overlap, 3H), 1.35 {(m. 2H); *>C NMR (CDC),, HF*
C.) & 1743 (C, CO), 64.1 (CH, C1 or C4), 62.1 (CH,Cior
C1), 51.4 (CH,, CH,0), 45.2 (CH, C2). 34.4 (CH,, CH,N),
30.6 (CH.), 28.0 (CH.), 24.2 (CH.). The picrate salt (hoth
isomers combined) was crystallizzd from wet ethanol (m.p.
102°=108° C.):

Anal. Caled. for C,H,,N,0;; C, 45.23; H, 455 N,
14.07. Found: C, 45.42; H, 45% N, 14.10.

EXAMPLE 16

Preparation of 2-Cyano-7-methyl-7-azabicyclo
[22.1]beptancs

Thes: compounds, obtained as a 1:1 mixture of isomers,
were prepared in 57% overall yield from N-methyl pyrrole
and acrylonitrile using the method set forth in Examples 13
and 14 (workup D). The isomers were separated by prepara-
live thin layer chromalography, using 1:1:8 HMDS/
methanol/methylene chlaride. Exo isomer (3) .71: 'H
NMR (CDCl,) b 3.53 (d, J=33 Hz, 1H, H1), 3.37 (1, J=38
Hz, 1H, H4), 2.44 (dd, J=9.3, 5.1 Hz, LH, H2), 236 (s, 3H,
CH,N), 2.1 (m, 1H), 1.83 (m, 2H), 1.75 (dd, J=12.6, 93 Hz,
1H, H3__), 1.3 (m, 2H); C NMR (CDCl,) 8 122.7 (C,
CN), 655 (CH, C1 or C4), 50.8 (CH, C4 or C1), 35.7(CH.),
353 (CH,), 319 (CH), 215 (CH,), 26.9 (CH.); Endo
isomer (4): RA2 0.55; *H NMR (CDCly) 8 3.44 (1, J=4.5 Hz,
1H, H1 or H4), 3.29 (1, J=4.5 Hz, 1H, H4 or H1), 2.92 (did
[11 linc patiem], J=12, 4.8, 1.8 Hz, 1H, H2), 226 (s, m
averlap, 4H, CH,N and H3,,), 2.0-1.8 (m, 3H), 157 (dd,
J=123, 5.1 Hz, 1H, H3_.), 145 (m, 1H) '*C NMR
(CDCL, 50° C.) 4 121.7 (C.CN), 63.8 (CH, Cl or C4), 61.6
(CH, C4 or C1), 3.6 (CH.), 3.4 (CH,, CH,N), 20.2 (CH,
C2), 27.9 (CH.), 24.1 (CH.). The picrate sall (both isomers
combined) was crystallized from ethanol (mp 218°-224°
C): Anal. Caled. for C, H sN.O,: C, 46.03; H, 4.14: N,
19.17. Found: C, 45.85; H, 408; N, 18.58.

EXAMPLE 17

Preparation of irans-2,3-Bis-carbomethoxy-7-
azabicyclo{2.2. 1Thepiane

This compound was prepans in 42% overall yield from
pyrrole and dimethyl fumarate using the procedures set fonth
in Examples 11, 12 (using acetonitrile as 8 solvent), and 14
{ hvdrogenation solvent-methanol; reaction time-2 h; workup
A). 'H NMR (CDC1,) 8 3.95 (1, J=4.5 Hz, 1H, H4), 3.84 (d,
J=48 He, 1H, H1), 3.70 (s, 3H, CH,0), 3.695 (s, 3H,
CH,0), 3.22 (1d, J=4.R, 1.8 1Iz, 1H, H3), 3.03 (d, J=4.8 Hz,
1H, H2), 255 (br s, 1H, NH), 1.8-1.3 (overlapping m, 4H);
3¢ NMR (CDCl,) 8 174.8 (C, CO), 172.1 (C, CO), 61.8
{CH, Clor C4), 59.1 (CH, C4or C1), 523 (CH), 52.1 (CH,,
CH,0), 520 (CH,, CH,0), 5.1 (CH), 28.7 (CH.), 4.9
(CH.).

EXAMPLE 18

Preparation of Hexahydro-2-phenyl-4,7-imino-1H-
isoindole-1.32EH)-dione
‘This compound was obaincd as a 4:1 mixture of exo and
endo isomers. respectively, in 39% overall yield from pyr-
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role and N-phenylmalvimide using the procedures set forth
in Examples 11, 12 (using acelonitrile as a solvent), and 14
(hydrogenation solvent-methanol; reaction time-2 honm:
workup A). The crude malerial was chromalographed on a
preparalive thin laver chromalogrphy plate (2020 cm, 2
mmy) using a gradient clution of ether containing ~45 cooc.
NH,OH and 5, 10, and 20% methanol. Two were
extracted with ether-methanol: ¥'1 (R=0.75, ether containing
3% NH_OH and 103 methanol). This material was recrys-
tallized from ethyl acctawe-peiroleum ether, yielding color-
kss crystals (mp 206°-209° C.% exo isomer. 'H NMR
(CDC1,) & 75-7.3(m, 5H, Ph). 4.15(1, J=2 Hz, 2H, H1, H4),
286 (s. 2H, H2, H3), 1.7 (m, 4H., 2xCH.), 1.54 (br s, IH,
NH); ’C NMR (CDCL) & 1773 (CO), 132.1 (C), 1290
(CID. 1285 (CH), 126.5 (CH), 59.9 (CH, Cl, C4), 450
{CH, C2, C3), 295 (CH.). The second fraction (R=021)
yielded the ¢ndo isomer: 'H NMR & 7.6-7.2 (m, 5H, Ph),
4.18 (br s, 2H, H1 and H4), 3.64 (br s, 1H, NH), 3.41 (br s,
2H, H2 and H3), 1.8-1.6 (m, 4H): *C NMR 3 175.9 (C),
132,0(C). 129.7 (CH), 1293 (CH), 126.9 (CH), 59.6 (CH}),
51.5 (CH), 26.5 (CH.).

EXAMPLE 19

Preparation of 8-Ethylhcxahydro-2-phenyl-¢xo-4,7-
imino-1H-isoindole-1,3{ 2H)-diooe

This compound was formed when the synthesis of
hexahydro-2-phenyl-4,7-imino-1H-isoindole-1,3{2H-dione
was carried out using acetonitrile in the hydrogenation step
of the method set forth in Example 14 (reaction time-18 b,
workup A). The crude material was chromatograpbed oa
silica gei (3.5x13 cm column). Elution with ether yielded 56
mg (21%) of the title product (R=0.8; ether comaining
NH_,OH). Further elution with ether containing 10% motha-
nol and 3% conc. NH,OH yiclded a second fraction con-
ining 69 mg of <rude hexahydro-2-phenyl-4,7-imino-1H-
oindole-1,3(2H)=dione {R,=0.2; ether containing NH OH).
The first fraclion was treated with decolorixing charcoal,
fillered, evaporated, and Lhe residue recrystallized from ethyl
acetate/petroleum etber. Yiekl=21 mg of lusirous coloriess
crysials mp 126°-128° C. ‘H NMR (CDC1,) 8 7.5-7.25 (m,
SH, Ph), 382 (1, J=23 Hz, 24, Hl, H4), 2.80 (s, 2H, H2,
H3), 2.37 (g, J=72 Hz, 2H, NCH.), 1.93 (m, 2H, H5 ...
H6_) 1.51 (m, 2H, H5,_ .. H6 5.0}, 1.04 (1, J=7.2 Hz, 3H,
CH,); *C NMR (CDCly) b 1718 (CO), 132.4 (C, CI1),
129.1 (CH), 128.5 (CH), 126.7 (CH), 62.6 (CH, C1, C4),
495 (CH, C2, C3), 40.4 (CH.N), 25.0 (CH,), 145 (CH,).

EXAMPLE 20

Preparation of Hexshydro-1-hydroxy-2-pbenyl-4,7-
imino-1H-isoindole-3(2H)-one

The exo imide formed in Example 18 (25 mg. ~0.1 mmol)
was treated with ¢xozss sodium horohydride (40 mg, 1.0
mmol) in 5 ml cthanol and the mixwre refluxed for 20
minutes. The cthanol was evaporated, 1he residue acidified
with 1M HCI, and treated with Na.CO, and methylene
chloride. Evaporation of the extract yielded 20 mg of crude
mawrial. Preparative thin layer chromatography (gradient
glution; ¢ther containing 5% NH,OH and 10-20%
metbanol) yielded 1he product (R=025, cther with 3%
NH,OH and 10% methanol), still vontsminated with a minor
product. 'H NMR (CDCl,) d 7.55-7.2 (m, 5H, Ph), 5.22 (s,
1H, NCH(OII)), 3.52 {d, J=2 Hz, 1H), 2.60 (d, J=2H, 1H),
2,71 {d, J=10 Hz, 1H}, 2.08 (d, J=10 Hz, 1H), 1.63-13{m,
overlap, 6H, 2xCH.. NH, OH).

EXAMPLE 21
Preparation of exo-2-aminomethyl-7-methyl-7-
aaabicyclo[2.2.1Teptane
The pitrile formed in Examphk: 16 (55 mg. 0.4 mmol) was
treated with excess lithivm aluminum hydride (30 mg, 0.79
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mmol) in 10 ml ether with stirring. Afier 5 mimutes (a white
suspension ormed), the reaction was quenched with metha-
nol (0.1 g). then waler (0.1 g), acidifled with IM HCT, then
basificd with cone., NH,OH, and extracted with methylene
chloride. Dryng and w:pouuon of the extract yielded the
cor ing primacy aminc as an oil (17 mg, 30%). 'H
NMR {CDCl,) 3 1.18 (1, J=3.9 Hz, 1H, H4), 3.03 (d Ju39
Hz, 1H, H1),2.70(dd, J=12, 7.8 Hz, 1H, % CH.N), 251 (dd,
J=12,6 Hz, 1H, ¥: CH,N), ) (s, 3H, Cl1,N), 1.86(m, 2H),
1.6-1.2 (m, 7TH, CH.+NH, overlap).

EXAMPLE 22

Prcparation of exo-2<( 1-Pyrrolylmethyl)-7-methyl-
7-azabicyciof2.2.1Thoptane

The primary amine formed in Example 21 (17 my, 0.121)
mmol) was treated with 2, 5-dimethoxytetrahydrofursn (25
mg, 0.189 mmol) in acetic acid (0.1 g) at 150° C, for 5
mimutes in an oil bath. Extraction of the basified (10%:
aqueous Na.CO,) reaction mixure with methylens chloride
yielded a mixture of products from which was abiained B mg
(-30%) of crudk exo-2-(1-pyrrolylmethyl) product by pre-
parative thin layer chromatography using 1:1:8
hexamethyldisilazanc/methanol/methylene chloride. 'H
NMR (CDCl,) b 6.68 (s, 2H), 6.18 (s, 2H), 3.92 (dd, J=15,
12 Hz, tH, WCH.N), 3.72 (dd, J=15, 7 Hz, 1H, SCH.N),
3.22 (m, 1H), 296 {m, 1H), 2.26 (s, 3H, CH,N), 1.98 (m,
1H), 1.83 (m, 211}, 15-122 (m, 4H).

EXAMPLE 23

Prepanation of exo-2-Hydroxymethyl-7-methyl-7-
azabicyciof2.2.1}heptane

The aminoester formed in Example 15 (41 mg, 0243
mmol) was trealed with lithium aluminum hydride (10 mg,
0.264 mmol) iv 5 ml ether. Aficr 5 minuies, the reaclion
mixture was quenched with methanol, acidified with 1M
HC], basified with conc. NH,OH, and extracied with meth-
ylene chloride. Evaporation of the extract yiclded the desired
product (11 mg. 32%). 'H NMR (CDCl,) d 3.80 (dd, J=9, 1
Hz, 1H, ¥4 CH.0), 3.39 (dd, J=9, 2 Hz, 1H, % CH.0), 3.21
(1, J=5 Hz, 11, H4), .19 (d, J=4 Hz, 1H, H1), 2.18 (s. 3H,
CH,N), 182 (m, 3H), 1.7 (m, 1H), 1.5-1.2 (m, 4H).

EXAMPLE 24

Preparation of exo-2-berzoyloxymethyl-7-methyl-7-
azabicyclo[2.2.1]hepiane

The alcoho] formed in Example 23 (11 mg, 0.078 mmol)
was lreated with bunzoic anbkydride (34 mg, 0.15 mmol) and
DMAP (10 mg) in mcthylene chloride. The product was
purified by preparative thin layer chromatography (20x20
cmx).25 mm) wiing 1:3:80 NH,OH/methanclfeiher (R/=
0.6). Yickd: 10 mg (52%). 'H NMR (CDCl,) d B.0S (d, J=7.2
Hz, 2H, onbo-H), 755 (1, J=7.2 Hz, 1H, para-H), 7.44 (1,
J=7.2 Hz, 2, meta-H), 4.18 (m, 2H, CH20). 322 (1, J=3.9
Hz, 111, H4), MR (d. J=3.6 Hz, 1H, H)). 2.25 (5 3H,
CH;N), 2.05-1.85 (m, overlap, 3H). 1.4% (dd, J=12, 9 Hz,
IH, H3,.). 134 (m, 3H).

EXAMPLE 25

Preparation ol Norhornane Analog of Epibatidine
using Reductive Hleck Methodolopy: exo-243-
pyridylbicyclo[2.2.1 Theptane

This procedun: is based on that described by R, Larock ¢t
al. {J. Chem. Sue. Chem. Commi. 1989, 1365). A mixwre of
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norbormene (101 mg, 1.07 mmol). iodopyridine (205 mg,
1.0 mmol), teira-n-butylammonium chioride (287 mg. 1.03
mmol), polassivm formate (255 mg, 3.U3 mmol), and pal-
ladium acetate (28 mp, 0.125 mmol) was stirred in DMF (12
g) at room temperatore for 72 hours. The mixiure was
diluted with 10 ml of 10% Na.CO, (aq) and 10 mi of cther
and the aqueous phase extracted again with etber. The
combined extracts were dried over MgSO,, filtered and
vvaporated, and the residue purified by preparative thin layer
chromatography (20x20 cm, 2.0 mm, 1:1 petroleum ether/
cthyl acetate, Rf=0.5), yielding the title product as an oil (73
mg, 42%). '"H NMR (CDCl,) d 8.42 (s, 1H, H2"), 8.33 (d,
J=4.5 Hz, 1H, H6Y, 7.43 (d. J=7.8 Hz, 1H, H4%, 7.11 (dd,
Ju7R, 4.5 Hz, 111, HF), 2.67 (dd, J=8.7, 5.7 Hx, 1H, H").
230 (m, 2H, 1H, H] and H4), 18-1.2 (m, overlap, 8
4xCH., >*C NMR (CDCl,) d 149.1 (CH), 146.3 (CH), 14.3
{(C), 134.0 (CH), 122.9 (CH), 44.7 (CH), 425 (CH), 38.7
(CH.), 36.7 (CH). 35.9 (CH.). 30.3 (CH.), 28.6 (CH.).
B. SYNTHESIS OF THE 7-AZABICYCLO[2.2.1]
HEPTANE OR -HEPTENE RING SYSTEM USING
DIELS-ALDER APPROACH

o an aliernative embodiment, as illustrated in FIGS. 20
and 2b, active compounds, or their precursors, are prepared
through the Diels-Alder reaction of an N-{electron
withdrawing-substiluled)pyrrole with ap arylsulfonyl
(optionally substiluted aryl or hcterncy:lm)lctylcn: The
electron withdrawing group sl the N’-position decreases the
aromaticity of the pyrrole ring and activates the ring in favor
of the cycloaddition reaction.

The product of 1be reaction between the N-{clectron
withdrawing-substituted)pyrrole with the arylsulfonyl
(optionally substituted aryl or heterocyclic)acetylene is a
74(electron wilthdrawing substituted)-2-(optionally substi-
tuted aryl or hereroaromatic)-3-arylsulfonyl-7-azabicyclo
[22.1}-hepia-2,5-dicne (compounds 23 and 32, FIG. 2). This
diene can be derivatized using conventional methods 1o a
wide variety of 7-:ub1cyclo[" 2.1} beplanes and -heptenes.
For :xlmplr. an R? alkyl or aralkyl group can be added by
reacting the saturaled bicycloheptane derivative of com-
pound 23 or 32 with n-butyl lithium and R}, followed by
treatment with a reducing agent to remove the 3-arylsulfony]
moiety. (Julia, M. and Paris, J.-M., Tetrafiedron Letters, 49,
4833 (1973).) R® and R® groups can be added to compound
24 (FIG. 2) by appropriale and conventional reactions of the
double bond. (See Advanced Organic Chemiistiry F, A. Carcy
and R. J. Sundberg (1990} pp. 167-218 Pleoumn Publishing
Co.} Nenlimiting examples of addition reactions include
hydrogenation, hydroboration, hydrohalogenation,
hydroxylation, halohydrination, alkylation, carbenc and
dihalo carbene sddition and cpoxidation followed by ring
opening reactions with nucleophiles such as alkoxide,
amines, alkylsuliide, halile, and hydroxide.

The reactive chloro in compounds 24 and 25 (FIG. 2) is
easily displaced by nucleophiles such as alkoxy, including
methoxy, alkylibio, hydroxy, amino, cyano, azide, bromide,
iodide, and dimethylamino.

The reaction between the N<{cleciron withdrawing-
substituted}pymrok: with the arylsulfonyl{optionelly subsii-
wied aryl or heterocyclic)acetylene is carried out in excess
N+{(clectron wilhdrawing substituted)-pyrrole or in a solvent,
for examphe, woluene, tetrahvdrofuran, dimethylformamide,
dicthoxyethane or other ipert solvents. Any molar ratio of
pyrrok: Lo dienophile can be used that provides an acceptable
yicld of produci, and typically ranges between (0.5:1 10 50:1,
preferable (1-5)1.

The reaction i conducted at any kmperatvre thal pro-
duces the desired product, and typically, between room
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wmperatun; and 150° C., until the reaction is completed, for
typically heiween 1 bour and 72 bours at | atm. or elevated
pressure in a sealed reaclor.

Several methods have been investigated for the removal
of ihe N-¢lectron wilthdrawing group, and specifically, the
N-cacwmethoxy protecting geoup, afier synthesis of the
desired 7-azabicyelo[2.2.1Theptane or wplene framework.
lydrolysis of compound 25 (FIG. 2) with potassium
hydroxidk: in methanol resuls in substitution of the modcr-
akely reactive chlorine in the pyridine ring by a methoxy
group. Treatment of 25 with methyllithivm siopped at the
farmation of N-acetyl epibatidine (identical with an authen-
tic samphk: from acetylation of rac-cpibatidine as described
helow), which resisted funther cleavage by methyllithivm
even after a prolonged ireatment. This i in accordance with
the known stability of N-scetyl cpibatidine. Compound 25 ix
suceussiully deblocked by treatment with hydrobromic: acid
in acetic acid for 24 hours at room temperature. The producis
pwolawed feom silica gel chromatograpby, with a mixed
solvent system of ethyl acetate, methykne chloride and
ammonia in methanol as the ¢luem, were rac-epibatidine
(19, 25%), ac-endo-cpibatidine (19", 28.4%) and unchanged
carhamate (25, 20%.). Nowbly, the recovered starting mate-
ral & essentially the pure endo isomer of 25, indicaling
some siereoselectivity in the cleavage of the
N-carhomethoxy group with hydrobromic acid. The exo-
somer was apparently cleaved at 3 higher rae than the
endo-isomer, presumably influenced by the proximily of the
pyridyl group and the carbamate group. The mc-epibatidine
thus ohlaioed, m.p. 50°-51°, is very pure, as evidenced by
i spectral data.

i). N-{Elecuron Withdrawing-Substituted)Pyrroks

Many submilied pyrroles are known and arc casily
converied 10 N-(cleciron withdrawing-substituted)-pyrroles
for use in 1he Diclv-Alder process to prepare 7-azabicyclo
[221]wpanes und -heptemcs. For example, 3<{thioalkyl)
pvrrole. including 3-(SCHy)pyrrole; 2.5-dialkylpyrrole,
including 2.5-dimethylpyrrole: 3.4-dibaloalkylpyrrole,
including A A-bis(irifluoromethyl)pyrrok. 2-alkylpymole.
inchuding 2-methylpyrrole; 2-alkoxyalkylpyrrole, including
2-methoxymethylpyrrole; 2-alkylthioalkylpyrrok, including
2-methylthiomethylpyrrole; 2-dialkylaminoalkylpyrrole,
including 2-dimethylaminomethylpyrmole; alkyl pyriole
2-acelate, including dimethylaminomethylpyrrole; alkyl
pymole 2-acetate, including methyl pymole2-acelate;
2-alkoxyalkoxyalkvlpyrrole. including
2-methoxvmethoxyethylpyrrole; 3-aryloxyalkylpyrmole,
including  3-benzyloxymethylpymole: 2-atkoxypyrrole,
including 2-methoxypyrrole: J-alkoxypymole. including
3-methuxypyrrole: 3-arvloxypyrrole, including
Ibemzykxypyrrole: 3d-dialkylpyrrole. and 3-alkylpyrroke,
including 3-methylpymole and 3 A-dimethylpyrrale; 1.6 and
4 S-alkylicene pyeroke, includiag 4.5.6.7-tetrabydroindole
and 2-methyl-4.5,6.7-teirahydroindole.

The N-substituent on the pyrrole ring is any moicty that
is ¢lectron withdrawing, and that activates the ring toward
vwcloaddition with a dienophile. The N-substituent is pref-
crahly carbometboxy, bowever, other eleclron wilhdrawing
moiclics, including carbobenzyloxy, ten-butoxycarbonyl
and opially active alkoxycarbonyl, including (+) and (-)-
menthyloxycarbonyl can alse be wad.

ii). Arvlsulfonyl(Optionally Subwtituied Aryl or
Heteroarumatic)Aceiyiene

In this process, a compound of the formula aryl-
SOCoeC{optionally substituted arv] or hetercaromatic) is
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reacied with the N-{electron withdrawing-substituled)
pvirole or ik derivative,

The arylsulfonyl-(optionally substituted aryl or
heteroaromatic)-acetylene cap be prepared by methods
knmwwn 10 those of skill in the ant. In one cmbodiment,
Gescribed in dutail in the Example 26 below, the compound
s prepared by reacting the lithium salt of methyKaryl)
sulfone with 1he desired optionatly substituted aryl or het-
eraaromatic acid chloride to produce a 1-{aryl or
heteroaromatic)-2-aryisulfonylkihanone, that is converied 1o
the correspording acetylene via an enolphosphate interme-
diate as described in Example 27 below. Any optionally
subsdituted arvl or heteroaromatic acid chioride can be used,
including without limitalion, 1be acid chloride of nicolinic
acid, isonicotini¢ acid, S-chloronicotinic acid,
4-methylnicatinic acid, G-methoxynicotinic acid,
6-phenylnicotinic acid, 6-methylthionicotinic acid,
Achloropyridine-d-carboxylic acid, 2,6-dimethylpyridine-
+carboxylic acid, 1-methyl-2{ 1H)-pyridone-3-carboxylic
acid. 6-methylthionicotinic acid, 3-guinolinic acid,
d-quinalinic acid, 7-chloro-3-quinolinic scid, 6-methoxy-3-
quinolinic acid, isoquinoline-4-carboxylic acid,
S-chlorathiophene-2-carboxylic acid, pyrimidine-5-
carboxylic acid, S-melhoxyindole-3-carboxylic acid, 1,2,5-
thiadiazole-2-carboxylic acid. thiazole-S-carboxylic acid,
2-chloro-thiazole-5-carboxylic acid, and
5-chlerapyridazine-2-carboxylic acid. Substiluents thal can
be positioned on the aromatic or heleroaromalic group
include, but are not limited to, alkyl, halo, aryl, alkoxy,
dialkylamino, alkylbio, hydroxy, hydroxyalkyl, and C(O)
{slkyl or aryl).

The aryl group sttached to the sulfone can be any group
that sufficiently activates the acetykinic group 0 act as a
diemophil: toward the activated pyrrole and which does oot
imerfere with the cycloaddition reaction. Nonlimiting
cxamples ar¢ phenyl, p-slkylphenyl, includiag
p-methylpbenyl; halophenyl, and including p-chlorophenyl,
p-luarophenyl, and p-nitrophenyl. Fluoroalkanesulfonyl,
including CF,S0. and C_ F S0., can also be used to activate
an aryl- or leicroarylacetylene.

Meihods 10 prepare a wide variety of arylsulfonyl-(aryl or
heteroaromatic)-acetylenes are described in Bhatscharya, S-
N.. 1 al, Orgrnomet. Chem. Synth. |, 145 (1970), and the
reaction of an aryl or heteroaromatic trimethylsilyl acetylene
{Sakamolo, T.. et al.. Symhesis, 312 (1983)) with 1oyl
chloride in the presence of a Lewis acid catalyst such as
aluminum trichloride.

The process for preparing active compounds through the
Dicls-Alder reaction of an N-(cleciron wilbdrawing-
substitwtel)pyrruke with an arylsulfonyKoptionsily substi-
wied aryl or heterocycliclaceiylene is sel out in detail in the
working exsmples below. These examples are mercly
iltustrative, and not intended to limit the scope of the process
or the compounds that can be made according to the process.
As discussed above, this is a gencral method that cap be
combined with conventional synthelic tochniques to provide
a witk: varicly of products, all of which sne considered to fall
within the scope of the invention. The compounds are
numbercd as illustrated in FIG. 2.

EXAMPLE 26

Prepanation of 1-(2<hloro-5-pyridyl)-2-
phenyisulfonylethanone (9)
To u cokd solution (~31° C.) of 20 g methyl phenyl sullone
in 400 m] dried wirahydrofuran was added 128 ml 25M
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n-butyllithium (2.4 eq) slowly. The resulting solution was
surred at -30" C. for 3 minutes. A solution of 26 g
6-chloronicotinyl chloride in 100 ml wirabydrofuran was
then added during a 20 minute period. Alter stiering at the
same wmperature for 30 minutes, the mixture was quenched
by addition ol sat. ammonium chloride (ca. 100 ml). The
organic laver was separated and the aqueous layer extracted
with chloroform threc times. The combined arganic layer
was washed with sal, brine and dricd over magnesium
sulfaic. After removal of solvent, the brown solid was
triturated with methano] (150 ml) to give 7.06 g of a slightly
yellow solid. Another crop of the product (11.75 g) was
obtaincd from the mother liqueur by chromatography on a
short silica gel column using 50% ethyl acetaie in petroleum
cthur as the cluent. The tolal yield is 18.81 g (49.7%). m.p.
152°=3* C. MS(CI) m/z 296, 298(M+1).

In a similar manner, when the acid chlorides of nicotinic
acid. isonicotinic acid, 5-chloronicolinic acid,
6-methylnicatinic acid, 6-methoxynicotinic acid,
6-phenylnicotinic acid, 6-methylthiopicotinic scid,
2-chiropyridine-4-carboxylic acid, 2.6-dimethylpyridine-
d4-carboxylic acid, 1-methyl-2(1H)pyridone-3-carboxylic
acid, 6-methyhhionicotinic acid, 3-quinolinic acid,
4-quinolinic acid, 7-chloro-3-quinolinic acid, 6-methoxy-3-
quinolinic acid, moquinoline-4-carhoxyl acid, 5-chloro-
thivphene-2-carboxylic acid, pyrimidine-5-carboxylic acid,
5-methoxyindole-3-carboxylic acid, 1.2.4-thiadiazole-2-
carbuxylic acid, thiszole-5-carboxylic acid, 2-chloro-
thiazol:-S-carboxylic acil, S-chloropyridazine-2-carboxylic
acid are used in place of 6-chloronicotinyl chloride in the
condunsation reaction, the corresponding ketosulfones are
obtained.

EXAMPLE 27

Preparation of 2-chloro-S-pyridy] phenylsulfonyl
acetylene (22)

A solution of 3.34 g (11.3 mmol) of 20 in 100 ml dried
wirahydrofuran was added to a suspension of 840 mg 60%
sadium hydride (washed with cthyl ether) in 100 ml wetrahy-
drofuran. After stiring 10 minutes, 1.88 ml (11.3 mmol)
dicthyl chiorophosphaie was added in one portion. The
mixiure Was stim:d al room lcmperature overnigh!, then
covled 10 =78° C., and 135 g potassinm 1-butoxide is sdded
in puntions. The brown solution was stirred at -78° C. for
another 10 minuies and allowed 10 warm 10 ca. =30° C.
Water was added and the aqueous layer extracted with
methylene chleride. Alier drying and evaporation in vacuo,
the residue was purified on 2 silica gel column, and eluted
with 25% ethyl acetaie i.. petrokum etber. The white solid
(1.2 p) oblained after evaporation of solvent has a m.p.
1HP-141° C. MS(CI) m/z 278, 2R0(M+1). yield 38%.

In a ximilar manmer, when otber heterocyclic ketosulfones
described in Example 26 are used in place of compound 20,
the corresponding scetylenes are obtained.

EXAMPLE 28

Preparation of N-carbomethoxy pyrrole (21)

Punassium (5.85 g, (.15 mol) was added 10 a solution of
10 ml pymrole ((L.145 maol) in 80 ml bot cyclobexane in
several portions. The mixture was refluxcd for 1 bowr, To 1bis
eold solution was addud 1S g (0.16 mol) methyl chlorofor-
mate shawly. After addition, the mixture was stirred al room
kmperatere for M minutes. During this period, 2.5 ml
dimethyl sulfoxide was added for catalysis. Afler quenching
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with ice-water, the onganic layer was separaicd and the
squeous layer exiracicd with ether. The combined organic
layer was washed with 10% sodium bicarhonaie, sat. sodium
chloride amd drikd over magnesium sullate, Removal of
solvent yielded 17.4 g of & liquid. Bulb w bulb distillalion
gives 165 g N-carhomethoxy pyrole 21 as a coloress
liquid, yiel 91%. The procduct requires storage at =2 C.

In a similar manner, the N-carhomcthoxy,
N-carbobenzyloxy and N-tert-butoxycarbonyl derivatives of
2.5-dimethylpyrrole. 3.4-bis(iriluoromethyl)pyrrole.
2-methylpyrrole, 2-methoxymethylpyrrole,
2-methylthiomethylpyrrole.
2-dimethylaminomethylpyrole, methyl pymoke-2-acetate,
2-melthoxymethoxyethylpyrrole,
3-benzyloxymethylpyrrole, 2-methoxypyrrole,
3-methoxypyrrole and 3-benzyloxypymole are prepared.

EXAMPLE 29

Prepanation of 7-carbomethaxy-2-(2-chlaro-5-
pyridyl)}-3-phenylsulfonyl-7-aza-hicyclo[2.2.1]}-2.5-
diem: (23)

2-Chloro-5-pyridyl phenylsulfonyl acetylene 22 (1.12 g,
40.3 mmol) was dissolved in 8.0 g N-carhomethoxy pymole
21. The mixture wns stirred in a covered fask at B"-85° C.
for 24 hours. Afler evaporation in vacuo to recover
N-carhomethoxy pyrrole, i residue was chromatographed
on a silica gel column using 25% to 50% ethyl acelale in
peiroleum cther as eluent to recover 0.2 g of the aceiylene
22 and obtain 1.21 g of a alightly dark product. The crude
product was riturated with methanol 1o yield 0.94 5 {58% or
70%. acconding 1o recovered stanting material) of a whie
solid. m.p. 101° C. MS{CT) m/z 403, 4{15 (M+1). When the
arylsulfonyl acetylene derivatives described in Example 27
are used in place of compound 22 in this experiment, the
corresponding Dicls-Alder adducts are obtained,

EXAMPLE 30

Prepanation of 7-carhomethoxy-542-chloro-5-aza-~
bicyclo[2.2.1]bept-2-ene (24)

Compound 23 (0.726 32, 1.9 mmol) was dissalved in 50 m!
aphydrous mcthenol and 7 mi dried wetrabydrofuran con-
taining 1.0 ¢ (8.0 mmol) of sodium dihydrophosphate. To
this mixiure was added 3.0 g 6% sodium amalgam io two
portions at -X¥* C. under nitrogen. The stirred mixture was
allowed 10 warm spontancously 1o room lemperalure during
8 2 hour period and stirred a1 room temperaiure for another
bour. The upper layer was decanted and the residue washed
with methanol. Water and 10% HCl were added 1o 1he
combined methanolic exiracts 1o bring the pH 10 6 and most
of the methanol emoved in vacuo. The mixture was then
extracted with methylene chloride. The combined organic
Inyer was washed with sat. brine and dricd over magnesium
sulfate. Aller emoval of solvent, the residue was purified oa
e silica gel column using 33% ctbyl acelate in pewroleum
ether as the cluent to yield 2153 mg (42.9%) of a colorless
oil. *H-NMR shows that it is a (1:2) mixture of exo and eudo
isomem. MS (C1) m/z 265, 267 (M+1). 'HNMR 6.01-6.53
(2H, H, ) 4.61=1.91(2H, H,_). When other Diels-Akder
sdducix describud in Example 29 are treaied with sodium
amalgam in a similur manoer, the correspoading substituted
7-aza-hicyelo[2.2. 1 Thept-2-¢nes are ohlained.

EXAMPLE 11
Prepanation of 7-cathomethoxy-2-{2-chloro-5-
pynidyl)-7-aza-bicyclo[2.2. | aeprane (25)

Compound 24 (178.4 my. (L674 mmol) (mixture of
Bomens) was dissolved in 10 ml methanol containing 5 mg
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105 PJ-C. The mixiure was hydropenated under 1 stm. of
hydrogen. After 18 ml of hydrogen was absorbed (5
minutes), the catalyst was remowed by filiration and metha-
nol removed in vacuo 1o give 165 mg (92%) of colorless oil.
'H-NMR indicates that it is a (1:2) mixture of ¢xo and endo
isomens. MS(C1) m/z 267, 269 (M+1). 'H-NMR 4.21-4.44
(2H. H, ) In a similar maoner, other substituied 7-aza-
bicyclo[2.2. 1 hept-2-coes described in Example 30 are
hydroperated 1 the correspoading substituted 7-aza-bicycla
[2-2.1]heptane analogs.

EXAMPLE 32

Preparation of racemic epibatidine (19) and endo-
epibatidine (197)

Compound 25 (90 mg, 0.338 mmol) was dissolved in 2.5
ml hydrobromi: acid (33% in acetic acid). The mixiure was
stirmed a1 room kemperature for 20 hours. Afier evaporation
of the mixture in vacuo the residue was dimolved in water
and extracted wilh cthyl ether lo recover i starting material
(26 my). The agueous layer was ncutralized with potassium
hydroxide 10 pH 11 and cxiracted with methylene chloride.
The combined organic layer was washed with saturated
brine and dried over magnesium sulfate. Afier removal. of
the solvent, the 56 mg residue was chromatographed on
silica pel column using ethyl acetate, methylene chloride
and sat. ammonia metbanol (2:1:0.03) to give I8 mg (25%)
of epibatidine {19) m.p. 50°-51° and 20 mg (28.4%) of
¢ondo-epibatidine (19). The specural data for these com-

pounds is provided in Table 3.
TABLE 3
Spectm dala for epibatidine (19) and
Sndo-epibariging (]9}
epibatidine (191 ondo-epibatiding (191)
M3 (Cl)mz 200, 2LI(M + 1) 2N (M+ D
H-NMR
H, . 380 (1. 39 EHz), ATo (5. 3.8 Ha)
A56 [bra)
H,, 1.0 (do, 12.0, 12 dd, 123, 48,
9.0 Hz) AN n)

The N-sceiyl derivatives of epibatidine can be prepared
[rom epibatidine and acetic anhydride in the presence of
triethylamine. Likewise, other N-subslituted 7-azabicyclo
[2.2.1Thepranes described in Example 31 are deprotecied o
the corresponding free amine. The amines are readily acy-
lated w the amide, alkylated to the tertiary amine and
quatéenary ammonium derivatives by wsing conventional
methouds, The amines also form stable and water-soluble
salis with organi: and inorganic ackls as preferred in the
pharmaceutical formulation.

EXAMPLE 33

Prepanation of 7-carhomethoxy-242-
methoxypyridyl)-7-aza-bicyclo{2.2.1 Jcptane (29) .

7-Carhomethoxy-2-(2-chloro-5-pyridyl)-7-aza-bicyclo
[2.2.1]heptane 25 (20 mg, 0.076 mmal) was dissolved in 1.0
m] methanol containing 128 mg (0.2 mmol) potassium
hydroxkie. The mixture was refluxcd for onc bour, then
concentraled and partitioned between ethyl cther and water.
The aqueous laver was extracied with ether again and the
combind organic layer was washed with sat. sodium
hicarhanale, and dried over magnesium sulfate. Removal of
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solven! yielded a 10 mg residue. H*-NMR shows it is 2 1:2
mixture of exo and endo isomers of the litk compound.
H'-NMR 3.92, 3.90(2s, Py-OCH,), 3.71, 3.66(2s,
NCOOCIL,).

EXAMPLE 34

Prepanation of deschlorm analogues of
cpibatidine (30)

N-carhomethoxy-5<2-chlorn-5-pyridyl)-7-aza-bicyclo
[2-2.1]Thept-2-cnc 25 (16 my) was dissolved in 3 ml metha-
nol containing 7 my 10 palladium on carbon. The mixture
was hydrogenated under a slightly elevated pressure of
bydrogen for one hour. After removal of canalyst and
solvent, the mesidie was pantilioned between ether and
aqueous sodium bicarhonatc. The aqueous layer was
exiracted with eiber and the combined organic layer was
dried over mapgnesium solfalc. Removal of solvent gave 10
mg of 7-catbomethoxy-2-{3-pyridyl)-7-azanorbornane (13).
MS (CI) m/z 233 (M+1), H'-NMR 3.72, 3.66 (25,
N—COOCH,).

EXAMPLE 35
Preparation of 5,6-dehydro analogs of epibatidine

When the N-acylaied 7-aza-bicyclo{2.2.1Thept-5-cne
derivatives prepared in Example 30 are acid hydrolyzed
under conditions similar 10 that described in Example 32, 1he
corresponding S.5-dehydro enalogs of epibatidine (19) and
its eodo-isomer (19) arc oblained.

EXAMPLE 36

Preparation of 1,4-dimethyl-2+(6-chloro-3-pyridyl)-
3-phenylsulionyl-7-carbomethoxy-7-aza-bicyclo
[2.2.1}hept-2,5-diene

A mixture of 0.13 g (0.5 mmol) 2-chloro-5-pyridyl phe-
aylsulfonyl acetylenc(22) and 0.7 g 2,5-dimethyl-N-
carbomethoxypyrrole (31) was heated and maintained at 85°
C. for 48 hour. The excess pyrrole (31) was removed in
vacuo and the dark residw chromatographed on silica gel
using 25%-33% cibyl acvlate in petroleum elber as eluen:,
yickding 76 mg (35%) of the title compound. MS{CT) m/z
431, 433 (M+1). H'-NMR 6.29, 6.55 (AB J=5.4 Hz, H, ).
3.52(s, 3H, N—COQCH,). 1.96, 1.68(2s, 6H. 2CH,).

EXAMPLE 37
Preparation of henzny] pbenylsulfonyl metbane (32)

A procedure similar to the prepanation of compound 20
was used. The product was obtained in 60% yickl as a white
crystal (crystallized from carbon tetrachloride). m.p.
91°-93° C. (li1, m.p. 93°-94° C)).

When the acid chloride of 4-chlorobenzoic acid,
3-methoxybenzoic acid, 3.4-methylenedioxybenzoic acid,
3.4 5-trimethoxybeazoic acid, 3-trifluoromethylbenzoic
acid, 3-dimethylaminobenzoic acid, 4-methylihiobenzoic
scid, 4-methylsplfinylbenzoic acid,
4-methylsullonylenzoic acid, 3.5-dilluorobenzoic acid,
Z.paphthoic acid, 4-dimcthylamino-2-paphthoic acid,
G-methoxy-2-naphbwic acid, 2-phenylpropionic acid and
243, 4-muthylenedioxyphenyl)propionic acid arc used in
place of benzoyl chloride above, the corresponding subsii-
twied kewsulfones are prepared.

EXAMPLE 38
Prepanation of phenyl phenylsulfonyl acetylene (34)

A procedune similar 1o the preparation of compound 22
was used. Chromatography of the crude product on silica gel

44
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using 5% ethyl acviale in petroleum ether as the clucnt
yielded 207 of the acetylen M as a solid.

Using a similar procedure, the other ketvsullones
cdescribed in Example 37 are converted to the comesponding
wsubstituted aryl and aralky) acetylenic derivatives,

EXAMFLE 3

Prepanation of T-vartbomethoxy-2-phenyl-3-
phenylsullonyl-7-azanorboma-2 S-dicne (35)

Phenyl phenylsulfonyl acetylene 34 (84.3 me. 0.35 mmol)
was mixed with (.42 g of Ncarbomethoxy pyrroke (21). The
mixture was heated 1o and maintained a1 85° C. for 48 hours.
Aler remaval of the excess pymole, the residue was chro-
malographed on silica gel column and eluted with 25-33%
cthyl acetale in petroleum ctber o give 30 mg (23%) of the
adduct as a colorkems oil. MS(CT) m/z 368(M+1). II'-NMR
7.05(s, 2H, H,,). 551, 5.48(2%, 2H, 1) 35(bwa. 3,
N—COOCH,).

Using a similar procedure, cycloadditions of suhatituied
pymuolus described in Example 28 and substiluted acctylenic
derivatives prepared in Example 38 give the comesponding
7-aza-bicyclof2.2.1 Jhepta-2.5-dicne adducts.

EXAMPLE 40

Prepamtion of 2-phenyl-T-aea-bicyclo
[2-2.1])heptane (36)

The bicyclic adduct 35 was reductively desulionated,
hydrogenated and acid hydrolyzed as described in Examples
30, 31 and 22 10 yield 36. Similarly, the other bicyclic
adducts in Example 39 are converted 1o the comesponding
2-submtituted aryl-7-aza-bicyclof2.2.1]heptancs.

EXAMPLE 41

Preparation of 2-phenyl-7-aza-bicyclo[2.2.1]hept-5-
eae (37)

The bicyclic adduct 35 is reductively desulfonated and
acid hydrolyzed as described in Exampies 30 and 32 10 vield
37. Similarly, the other bicyclic adducts in Example 39 are
converted 1o the corresponding 2-substituled aryl-7-aza-
bicycla[2.2.1Thept-5-cnes.

EXAMPLE 42

Prepanation of § aad/or 6 substituted 2-aryl {(or
hetervaryl)-7-aza-norbormanes (rom the
corresponding 7-N-acyl or 7-aza-2-aryl (or
heternaryl)-norham-5-enes

The 5 amd or 6-substiluents arc intracuced by functioniog
the 5,6-double bomd through conventional reactions, e.p.,
additions, hvdroboration, epoxidation followed by ring
vpening with nucleopbiles (alkoxide. amine, azide,
alkybsulfide, halide. hydroxide, ei.).

EXAMPLE 43

Preparation of 3-methyl-7-aza-2-¢xo0-(2-chlur-5-
pyridyl)bicycio[2.2. 1 freptanc (38)
7-Carhomethoxy-2-(2-chloro-5-pyridyl)-3-
phenylsulfonyl-7-azabicyclof 2.2.1]hept-2 5-dieme: (23) s
hydrogenaied in methanol containing 107 Pd-C" until hath
double bonds are saturated. The product, 7-ahomethoxy-
2-(2-chloro-3-pyridyl)-3-phenyisulfonyl-7-aza-bicyelo
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[2.2.1]xeplane W, is dissolved in dry iciahydrofuran amd
treated with n-hutyl lithium (1.1 <q) at -30" w (* C.,
followed by methyl iedide {1-1 eq) in teinbydrofuran. The
reaction mixhure ix then stirred at room temperature amd
pourcd into iced waker. The product is extracicd with ctber
and washed with waler. Allter drying and evaporalion of the
ether solution, the ¢rude product is chromatographed on a
silica gel column, using & mixture of petraleum ether and
ethyl acviate (3:1 hy volume) 1o yield stereoisomers of
7-carbomethoxy-2-(2-chloro-5-pyridyl)-3-methyl-3.
phenylsulfonyl-7-aza-bicyclo[2.2.1 Theplan=(40). The alky-
lalion produets are ¢ach treated with sodivm amalgam as in
Exampk M) to remove the phenylsullonyl group, followed
by acid cleavape of the 7-carbomethoxy group as in
Exampk 32 w yicld isomeric 3-mcthyl analogs of com-
pound X and ¥,

Similarly, when methy! iodide is rcplaced by cthyl
bromide, allyl bromide, benzyl chloride, methoxymethyl
chloride and mcthoxyethyl methancsulfocate, and corre-
sponding 3-uthyl, 3-allyl, 3-benzyl, 3-methoxymethy] and
3-methoxyuthyl derivatives are obtained.

Other 2-aryl or 2-wtermaryl derivatives of 7-N-acyl-7-
aza-3-phenylsulfonyl-bicyclo[2.2.1Jhepia-2,5-diene
described in Example 29 are likewise hydrogenated, con-
verted 1o the sulfunyl carbanion, alkylated, desulfonated and
deacylated 1o pive the comesponding 3-alky] or analkyl
apalogs.

EXAMPLE 44
Preparstion of 7-methyl-7-aza-3-exo0-(2-chloro-5-
pyridylbicyclo[2.2. 1 Theplan: (41)

Epibatidine 19 prepared in Example 32 is alkylated with
methyl indide (1.1 eq) in dry teirahydrofuran at room
lemperature, followed by the usual isolation procedure, to
give the 7-N-methyl derivative.

Similarly, alkylation with cthyl iodide, isopropyl bromide,
allyl bromide, cyclopmpylmethyl bromide, henzyl chiorikk:,
4-melboxybenzyl chloride, 3,4-dimetboxybenzy] chloride,
phenethyl bromide, bromide, bydraxyethyl chlo-
rick and methoxyethyl indide yield the corresponding 7-N-
alkylated derivatives.

Other substituicd T-aza-bicyclo[2.2.1Teplane anslogs
described in the examples sbove are alkylated to iheir
7-N-alkvl is derivatives in the same mamer.

The N-acetyl derivative of epibaldio: in Example 7 is
reduced o the N-ethyl derivative by the iremment of lithium
aluminum hydride jo dry tcirmhydrofuran al wom tempen-
turc. Similarly, the 7-N-propionyl, N-beoxzoyl,
N-phenylacetyl and N-2-furoyl derivative of epibatidine are
reduced to the carresponding 7-propyl, 7-benzyl,
7-phenethyl and 7-(2-furfuryl) derivatives.

EXAMPLE 45

Resolution of racemic compuunds

The substilued 7-aza-bicyclo[2.2.1]eplane derivalives
are resulved 10 their optical isomers by cooventional meth-
ods including chrommography on a chiral column, fractional
crysallination of diastereomeric salts of chiral acids and
separation of the chiral ester or amide derivatives fallowed
by regenenation of the optically pure epaotiomers. (Sec
Opiical Resolution Procedures for Chemical Compounds,
Vob. 1, Amines. by P Newman, 1980 Optical Resolution
Infurmation Center, N.Y. 10471.)

EXAMPLE 46
Resolution of racemic epibatidine (19).

"To a solution of racemic ¢pibatidine 19 and tricthylamine
(1.1 eq) in methylene chluride is added (=)-menthyl chlo-
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rofarmate (1.1 ey). The reaction mixture is stirmed al room
wmperaiure for 6 bours, washed with iced water and dried
over magnesium sulfaie. After evaporation of solvent, the
residue is chromaingraphed on a silica pel column, using a
mixture of perroleum cther and ethyl acetate (5:1 by volume)
to yicld a mixire of wo diastercoisomers of 7-N-{(-)-
menthyloxycarbonyl derivatives of d- amxl 1-epibatidine.
Scparation of the diastereomomers by HPLC on a chinal
column and treaimem of each isomer wilth HBr/AcOH as in
Exampl: 32 vields the comsponding d and 1-cpibatidine.

EXAMPLE 47

Preparation of oplical isomers of substiluted 7-aza-
hicyelo[2.2.1Theptane derivatives from chiral
intermediates

N-carho<{-}-menthyloxy pyrrole is prepared from pyrrole
and {~)}menthyl chloroformate by the method described
ahuve. The chiral pyrmrole is treated with (he sulfonyl acety-
lene 22 or M as in Example 29 1o give a diasiereoisomeric
mixture of ihe chiral cycloadduct 7-aza-bicycio[2.2. 1]hepia-
2 Sdivac derivative. After reatment with sodium amalgam
a» in kxample 30, the diastereoisomeric mixture of 2-exo-
aryl-7-aza-bicyclo{2.2.1]hepta-5-ene derivatives is
ublaincd. These diastercomers are separated hy chromatog-
raphy o give the d and 1 enantiomers. The optically active
inermwaliates are cach reduced and treated with HBr/ACOH
to vield optically active epibatidine enantiomers. Similarly,
other substituted 7-aza-bicyclo[2,2.1Theptane analogs are

15

0
preparcd from the cornesponding chiral pyrroles and chinl

eveloadducts
EXAMPLE 48

Preparation of henzo{ 5a,6a kepibatidio: (39)
Scheme 4 jllusirates the preparation of compound 39.

QCIL‘E C‘I-lﬂ::Nl ke
CH:Br
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~continued

a) Preparation of N-methanesulfonyl isoindoke {40)

Sodium hydride (088 ) was suspended in 3 ml dimethyl
formamide. To this stimed solution was added methane-
sulfonamide (0.95 g, 10 mmol) in 5 ml dimethyl formamide
dropwise under nitrogen. Afer stirring at 60° C. for 05
bhours, a sohution of 2.64 g {10 mmol) o,x'-dibromo-o-
dylene in 7 ml DMF was added al a rale appropriste to
maintain the kmperature at 60°-70° C. The mixure was
stirred at room wemperature for another hour, then quenched
by pouring into wawr. The resulling precipilate was col-
lected and washed with water, petroleum ether and ether
successively. Weight 1.57 g (80%). 'H-NMR 8237 {s, 3H,
—CH,). 4.709 (s, 4H, 2CH.). 7.25~7.35 (m. 4H, ArH).

b) Preparation of 2-(6-chloro-3-pyridyl)-3-
pbenylsulionyl- 1,4-dihydronaphihalene-1,4-imine (41)

Potassium t-butoxide (560 mg, 5.0 mmol) was dissolved
in 3 ml DMSO under nitrogen. To this stirmed solution was
added 197 mg (1.0 mmol) N-methanesulfonyl isoindole in
portions. Aller addition, the mixture was stirred al room
temperature for 1.5 bours and quenched by addition of 3 ml
waler. After extraction with 45 ml ether, the combined
organic layer was washed with saturated brine and dried
over mapnesium sulfate for 10 minutes. After Gltration, the
filtrate was combined with 83 mg (0.3 mmol) 1{6-chloro-
3-pyridyl)-2-phenylsulionyl acetylene 22, The reaction mix-
ture was stirred at room temperature overnight to evaporale
in vacuo and chromatographed on silica gel column. Eluting
with a mixed solvent (c1hyl acelate, methylene chloride and
ammonia in methanol) gave 108 mg blue residue. The color
material was removed by washing the acidified material.
Afler basification and extraction with ether, 62 mg of pure
compound 41 was obtained as a foam. Yield 52%. MS(CI).
395, 397(M+1). 'tI-NMR (CDCl,): 35.24%(d, J=15 Hz,
1H), 5.362 (d, J=0.9 Hz, 1H). (H, or H,).

<) Preparation of exv and endo-benzof5a,6akpibatidine
(39)

Compound 41 (54 mg, 0.137 mmol) was dissolved in a
mixture of 3 ml methanol and 1 ml tetrahydrofuran. The
solution was coolkd 10 ~-20" C. and 66 mg 6% sodium
amalgam was added. The mixture was stirred for 2 bours.
The ¢xcess reagent was decomposed by water and the liquid
laver was decanted out. After conceniration of the liquid in
vacug, e residue wis extracted with methylene chloride
(3x5 mil). The combincd organic layer was washed with
saluraled brine and dried over magnesium sulfate. After
removal of solvent, the residue was separated on prepanalive
thin layer chromalography with 33% methylenc chloride in
cthyl scetic 1o give 5.5 mg exo-benzo[5a.Gajepibatidine
and 8.5 my codn-henzo{52,6alepibatidine. Both isomers are
an oil. Yields are 15% and 25% respectively. MS{CT), 257,
259(M+1). 'I-NMR (CDCY,), (for exoisomer). 2.753 (dd,
J=4 8, 8.4 Hz I1H, H.). 4.371 (s, 1L, H,), 4.656 (d. J=i Hz,
IH, H)).
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EXAMPLE 49

Preparation of N-methyl-henzo[5a,6a)pibatidine
42)

Scheme S illustrates a method for the production of 5
N-methyl-ben:zo5a.6aJepibatidine 42.

a —(__>—c-_-=c—son
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a) Preparation of N-methyl isoindok: (43)

N-methyl isoindol: was prepared according to the method
sct forth in B. Zeeh and K. H. Konig, Synthesis 1972, 45.

b) Preparation of 2-(6-chloro-3-pyridyl)-3-
phenylsulfonyl-1.4-dihydronaphthalenc-1,4-imine (44)

N-methyl isoindoke (91 mg, 0.7 mmol) was mixed with 45
1{5-chloro-3-pyridyl)-2-pheaylsulfonyl acctylene 22 (139
myg, 05 mmol) in ethyl cther. After stirring at room tem-
perature for | bour, the mixiure was concentrated and
chromatographed on silica pel column. eluting with ethyl
acvlate. This gave 204 mg of compound 44 as a clear oil. 30
Yickd 100%. MS{CI), 49, 411{M+I1). II'-NMR (CDC1,). b
336 {br, 3H, NCH,), 4.805 (5, 1H), 4.93 (brs., IH).(H,.ar
H,) ¢) Preparation of N-methyl-henzof5a,6a]epibatidin:
12)

Compound 44 (125 mg, 0306 mmol) was dissolved in 10 55
ml methanol logether with 4 ml tetrrhydrofuran. The solu-
lion was cooled 10 ~20° C. and 216 mg sedium dihydro-
phosphate was added 10 the solution followed by 1.0 g 6%
sodium amalgam. The mixiure was then stimed at room
tempenature fur 3 hours and quenched with walker. The o)
organic layer was decanied out and concemtrated in vacuo.
The residue was exiracted wilth methvkene chloride (2x10
ml). The combined aranic layer was washed with saturated
brinc and drivd over magnesium sulfate. After removal of
solvent. 1he residue was chromatograpbed on silica pel of
column cluting with 50% ethyl acetaie in petroleum ether.
This gave 19 mg (19%) exo-N-mcihyl-benzo[5a.6a]

L]
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cpibatidine. Further e¢lulion with a mixed solvenl (ethyl
aceiate, methylene chloride and ammonia in methanol)
yiclded 55 mg (66%) of the eodo-isomer. Total yicld 85%.
MS(CI), 271. 273(M+1). H!-NMR (CDCl,). (for
exoisomer): 2.679 (dd, J=4.5, 8.7 Hz, 1H, H.), 3.935 (s 1H,
H,). 4.2(08 (d, J=4.0 Hz, 1H, H,). 2.072 (s, 3H, NCH,).

EXAMPLE 50

Preparation of N-lformamidinyl epibatidine
dibydrochlorice (45)

Scheme 6 shows the preparation of compound 45.

H
N

CH=NI
N~

Fo- e

Racemic-cpibatidioe 19 (42 mg, 0.2 mmol) was mixed
with 77 mg (0.7 mmol) frenhly prepared ethyl formamidi-
nale hydrochloride and 129 mg (1.0 mmol) dilsopropyl
cthylamine in | ml acctonitrile. After stirring al room
temperaturc for 48 bours, e mixiure was acidified with
1.UM hydrogen chloride in ether. Afler evaporation in vacuo,
the residuc was separated on silica gel preparative thin layer
chromatography, using a solvent system of 25% methanol in
chloroform, 1o give 25 mg of the compound 45 as a
hygroscopic solid. Yield 36%. MS(C1), 236, 238 (free base
M+1). H'-NMR (CD,0D). & 3.40 (M, 1H, H.,).

EXAMPLE 51

The process of Example 50 was repeated with tbe replace-
ment of ethyl formamidinate by S-methyl pseudothiourea,
S-methyl-N-methyl pscudothiourea, S-methyl-N-nitro
pseudothiourea, or methyl acetamidinate to form Ibhe
N-guanidyl, N-methyl-guanidyl, N-nitroguanidyl and
N-acetamidinyl cpibatidine.

EXAMPLE 52

Preparation of N-formamidinyl descblorocpibatidine
dihydrochloride (46)
cH=xII

N,

N-Formamidinyl epibatidine (12 mg, 0.04 mmol) 45 was
dissolved in 2 mi methanol containing 5 my 10% palladium
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on carbon. Afier hydrogenation under | atm hydrogen for 3
bours, th catalyst was removed by liltration. The tiltrate was
concentraled in vacuo 1o give 10 mg compound 46 as a
hygroscopic solid. Yrld 100%. MS(CI), A12(M+1 -2HCI).
H'-NMR (CD,0D), d 3.5 (M, 1H, H.).

EXAMPLE 53

Preparation of 1-methy] epibatidine (47), and 4-
methyl epibatidine (48)

zE

Ciy

2) Preparation of 2-methylpyrroke (49)

2-Methylpyrrole was prepared according 1o 1he method
set forth in J. Org. Chem. 28, 3052,

b) Preparation of N-t-butoxycarbonyl-2-methylpymole
(50)

2-Mcthyl pymale (25 g) was dissolved in 6 ml
wirahydrofuran, and was slowly addcd (o a suspension of
24 g 60% saodium hydride (washed with ether) in 30 ml
tetrahydmiuran. A solution of 7.6 g di-t-butyl-dicarbonaic in
20 m of the same solvent was added 1o this cooled mixire.
Afier shaking occasionally for 3 bours, il was decomposed
carefully with water. and cxtracted with ether. The combined
orpanic layer was washed with saturated brine and dried
over magnesium sulfate. Removal of the solvent gave 6 g
residue. Bulb-1o-bulb distillation gave 4.5 g slightly yellow
ol (ca. 8° C./5 mmHpg). Yield 80%. MS(CT), 183(M+2).
H'-NMR (CDC1;) d 1584 (s, 9H, 3CH,), 2421 (s, 3H,
CH,).

¢) Preparation of 1- (and 4)-methyl-24(6-chloro-3-
pyridyl)-3-phenylsuifonyl-7-1-butoxycarbonyl-7-
azanorhorna-2,5-dicne (51)

Compound 50 (10 mmol, 1.8 g) was mixed with 1{65-
chloro-3-pyridyl)-2-phenylsuliony] acetykene (22) 555 mg
(2.0 mmol). The mixture was heated a1t 78° C. in a tightly
covercd flask under nitrogen for 24 hours. The mixture was
sepanted on silica gel column ¢huting with 25% of ethyl
acelate in petroleumn cther. After recovery of 15 g of
compound 50 and 120 mg compound 22, 636 my of com-
?ound 5t was obtained as a yellow oil. Yicld 693%.

H-NMR stwowed that the oil is 3 2:1 mixwre of 1-methyl
somer and d-methyl isomer. MS(CI), 459, 461, (M+1).
H'-NMR (CDC]1,). {[or major isomer): 137 (s, 9H, 3CH,),
L. 748 (5, M1, CH,), 5.45 (d. J=3 Hz, 1H. EL ). (For the minor
isomer). 1346 (s, YH. 3CH,), 1.958 (s, 311, CH,), 5.26 (d,
IH, I=3 llz. H,).

d) Preparation of N-1-Boc-1 (and 4)-methyl cpibatidine
(52)

Compound 51 (1.0 mmol, 459 mg) was dissolved in a
mixturc ol 20 ml methanol and 10 ml teirebvdrofuran. The
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solulivn was stirred and cooled to =20° C. To this solution
wan added 72 my sodium dihydrophosphate followed by
1.5 g (6.0 mmol) 6% sodium amalgam. Afwer stirring a1 room
temperature for 2 howrs, anotber 08 g of 6  sodium
amalgam was added and sliring was continued for another
2 hours. The excess reapent was decompased by water, and
the solulion was decanted out. Afier conceniration of the
solution at ambicnt temp in vacuo, the residue was extracted
wilh melhyiene chloride (4x1i5 ml). The combined organic
layer was washed with saturated brine and dried over
magnesium sullate. Afier remaoval of solvent, the reskloe
(372 my) was hydrogenated under 1 atm hydrogen in the
presence of 8.4 mg platinum oxide for 2 bours. The catalyst
was removed by filtration and the filtrate was concentrated
in vacuo w 2 residue (360 mg). Scparation taok place on a
silica gel column elutiog with 17% cthyl acetate in petro-
leum cther, 95 mp of the enxto-isomens and 65 mg of the
exo-ixomers were obtained. Total yield 50%. MS(CI), 323,
325(M+1). H'-NMR (CDCl,) (for exo isomer major), 2.78
(dd, LH, J=5.4 lHz, 7.8 Hz. H.), 445 (1, 1H, J=4.5 Hz, H,).

¢) Preparation of 1-methyl epibatidine (47) and 4-methyl
cpibatidine (48)

The exo-isomer of compound 52 (65 mg) was dissolved
in 5 ml mahylene chloride. To this cooled solution (0° C.)
was acdkded 25 ml trifluorvacetic acid, The resuhing pink
solulion was then stirmed a1 room temperature for 1.5 bours.
Alfter nevicalization with 4.5 g potassium carbonate in 10 mi
waler, the organic layer was separated and the aqueous layer
was cxtracted with methylene chloride. The combined
organic layer was washed with saturated brine and dried
over magnesium sulfate. Removal of solvent and separation
on silica gel preparative thin layer chromatography devel-
oping with 3 mixed solvent (¢cthyl acetate, methykne chio-
ride and ammonia in methanol) gave 6 mg of 4-methyl
epibatidine 48 and 12 mg 1-methyl epibatidine 47. Total
yicld 40.2% MS(CI), 223, 225(M+1). H'-NMR (CDC1,),
(for I-mcthy! epibatidine, major, exo-isomer). 8 2.657 (dd,
J=d 8. 8.7 Hz. 1H, H.), 3.694 (1, J=4.7 Hz, 1H, H,). (For
4-methyl cpibatidine, minor exo-isomer): 2.887 (dd, J=4.7
Hz, 1H, H.), 3.486 (d, J=4.5 Hz, LH, H,).

EXAMPLE 54

Preparation of 2-{2-Nuoro-5-pyridyl)-7-
szanorbornane (53)

H
N

N

a) Preparation of 1+2-fuoro-3-pyridyl)-2-phenylsulfonyl
¢thanome (54)

The methad sct farth in Example 26 was used, replacing
S-chloronicotinyl chloride wilth 6-fluoronicotiny! chloride
(see Anderson el al; J. Med. Chem, 1990, 33(6) 1667).
providing compound 54 ax a white crysial, mp. 127°-128°
C. Yicld 72%. MS(C1). 28(XM+1). H'-NMR (CDCl,). d
170 (s. 21, CH,,).

b) Preparation of 1-{2-Flucro-5-pyridyl)-2-
phenvisulfomyl acetylenc (55)

Use of the method set forth in Example 27 gave com-
pound 35 in 62% yicld from compound 54 as a while solid.
mp. 97°-W.5* C. MS(CD) 26(M+1).
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<) Prepanation of 7-carbomethoxy-2-{2-fluoro-S-pyridyl)
-3-Phenylsulfoayl-7-azabicycio[2 2.1 }-hepta-2,5-diene (56)

Use of the method set forth in Example 29 gave com-
pound 56 in 66% yicld plus 22% of recovered avetylene 55.
Compound $6 is a while cubic crystal, mp. 85°387° C.
MS{CI) 3872(M+1). H’-NMR (CDCl,), 3.446 (brs., 3H,
CH3), 5.459 (d. }=1.2 Hz, 211, H, ).

d) Preparation of 7-carhomeiboxy-5-(2-lluaro-5-pyridyl)
-7-azabicyclo[2.2.1 ept-2-ene (57)

Use of the method sct forth in Example 30 gave com-
pound 57 as a 1:2.5 mixiure of exo amd endo isymers in a
total yicld of 64% from compound 56. MS{CI) 249(M+1).
H'-NMR (CDC1,). {for endo-isomer). 3.682 (s, 3H, OCH,),
(for exo-isomer). 3.655 (s, 3H, OCH,)-

¢) Preparution of 7-carbometboxy-2-(2-flucro-5-pyridyl)
-7-zzabicyclo[2.2.1 cptane (5N)

Use of the method set forth in Example 31 gave com-
pound 58 as a coloskess oil in a yield of 93.3% from
compound 57. MS(CI) 251(M+1). H:-NMR (CDCl,), {for
endo-isomer), d 3.722 (x, OCH,). (for cxo-isomer) & 3.671
(s. 3H, OCH,).

f. Preparation of 2-(2-Auoro-5-pyridyl)-7-azanorhornane
(33)

The methad et fonh in Example 32 was used (o produce
23 mg (16.2%) of the exo-isomer of compound 53 and 54.8
mg (38%) of thx: ¢ndo ixomec of nd 53, as an oil from
185 mg of Compound 58 (0.74 mmol). MS(CT) 193(M+1).
111-NMR (CDC1,). d 2.763 (dd, J=0.8, 9.0 Hz, IH, H.).
3532 (s, 1H, H,), 3.769 (1, J=3.6 Hz, 1H, ). (For cado-
isomer). & 3324 (dt, J=12 Hz, 5.7 Hz, 1H, H.), 3.719 (g,
J=5.1 Hz, 2H. H, ;).

EXAMPLE 55

Prepanation of 2<{2-chloro-3-pyridyl)-7-
azanorbomane (59)

H
N

a) Prepanation of 1-{2-chloro-3-pyridyl)-2-phenylsulfonyl
cthanone (6U)

Use of the method et forth in Example 26 gave com-
pourndl 60 in 74% yickl from 2-chloronivotinyl chloride as
white solid, mp. 103°-104* C. MS(CT) 296, 297(M+1).
il'-NMR (CDCl,) b 4871 (5. 2H, —CH.—).

b) Preparation of 14{2-chlor-3-pyridyl)-2-phenylsulionyl
actylene (61)

Use of 1he method set forth in Example 27 gave com-
pound 61 in 273 yild from compaund 80 as 2 while salid,
mp. 90°-94° C. MS({CT) 7%, 280(M+1).

c) Preparation of 7carbomethoxy-2-(2-chloro-3-pyridyl)
-3phenylsulionyl-7-azahicycio[2.2.1Jhepta-2 S-dicoe (62)

Usc of the methad sel fonh in Example 29 gave com-
pound 62 in 62.4% [rom 61 as an oil. MS(CI) 403, 405(M+
1). H'-NMR (CD(7,), d 3612 (s, 3H, OCH,). 5.429 (1,
Ju2.1 He, 1H). 5497 (1, J=2.1 Hz, 1H).

d) Preparation of 7-carhomethoxy-5-(2-chloro-3-pyridyl)
-7-azabicycl{2.2.1Thep1-2«ne (63)
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Use of the method set focth in Example 30, gave com-
pound 63 as the exo-isomer, 12%, and lbe endo-isomer,
35%. MS(CT) 265, 267(M+1). H'-NMR (CDCl,) (for exo-
somer). d 3.66 (s, 3H, OCH,), 6502 (brs. 2H, H,,).
H!-NMR (CDCl,) (for codo-isomer). 8 3.686 (s, 3H,
OCH,). 4882, 5.029 (2brs. 2H, H, ). 588, 6544 (2brs.,
2H, H, ).

¢) Preparation of 7-carbomethoxy-2-(2-chloro-3-pyridyl)
-7-azabicyclo{2.2.1Theptane: (64)

Using the method s¢t forth in Example 31, the exo-
compound 63 was hydrogenated to give compound 64 in
quantitative yicld. MS(CI) 267. 269(M+1), H'-NMR
(DCCL,) d 3.277 (dd, J=4.5, 8.4 Hz, LH, H.). 3.654 (s, 3H,
QCH,).

f) Prepanation of 2-(2-chloro-3-pyridyl)}-7-azanorbomam:
(59)

Use of 1le metbod st forth in Example 32, gave com-
pound 59 from exo-compound 64, in 41% yield s an cil.
MS(CI) 209, 211(M+1). H'-NMR (CDCl,) » 3.162 (dd.
J=4 8,8.7Hz, 1H, H..), 3.681 (s, 1H), 3.795 (1, J=3.6 Hz, 1H)
(H,. H)).

EXAMPLE 56

Preparation of 2-(2-chloro-4-pyridyl)-7-szabicyclo
[2.2.1Theptanc (65)

H
N

a) Preparation of 1-(2-chloro-4-pyridyl)-2-
pbenylsulfonylethanone (65)

Using th¢ method set forth in Example 26, where
2-chloroisonicolinyl chloride (see Anderson el al., J. Med.
Chem. 1990, 33(b), 1667) was used instcad of
6-chloronicotinyl chloride, compound 66 was obtained in
51% yicld as a while crystal, mp. 124°-125.5° C.
(methanol). MS(CI) 296, 298(M+1).

b) Prepanation of 1-(2-chloro-4-pyridyl)-2-phenylsulfonyl
acetylene (67)

Using e method set forth in Example 27, compound 67
was ohtained in 54% vield [rom compound 66 as a while
crysial, mp. 78°-79" C. MS(CI) 278, 28((M+1).

¢) Preparation of 7-carbomethoxy-2-{2-chloro-4-pyridyl)
-3-phenylsulfonyl-7-azabicyclo[2.2.1Thepta-2,5-dicoe (68)

Using the method st forth in Example 29, compound 68
was ohtained from compound 67 in 68%: yicld as a slightly
brown oil. MS(CI) 403, 405(M+1). H'-NMR (CDCl,) d
3.502 (brs. 3H, OCH,), 5420, 5.48)3 (25, 21, H, ). 7.065
(s, 2H, H, ).

d) Preparation of 7-carhomethoxy-5-(2-chloro-4-pytidyl}
-7-avabicyelo[2.2.1 Thept-2-ene (69)

Using the method set forth in Exampile 30, compourd 69
was obinioed from the desulfonation of compound 68 in
13.6% yicld as a 1:2 mixture of ¢xo- and endo-isomers.
MS(CI) 265, 267(M+1). 'H-NMR (CDCl,). (for emlo-
isomer) & 3.682 (s, 3H, OCH,), (for exo-isomer). d 3.665 (n.
3H. OCIi,).

¢) Prepaniion of 7-carbomethoxy-2-(2-chloro-4-pyridyl)
-7-azabicyclo]2.2. 1 Theptane (70)
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Using the method set forth in Example 31, compound 70
was oblained from the hvdrogenation of compound 69 in
95% yickd. MS(C1) 267, 26%(M+1). 'H-NMR (CDCl,) (for
endo-isomer), d 3.694 (s, 3H, OCH,), (for cxo-isomer). &
3.655 (s, 3. OCIL,).

) Prepanation of 2+(2-chloro-4-pyridyl)-7-azabicyclo
[2.2.1]heptane (65)

Using the method ¢t forth in Example 32, compound 65
was obtained [rom the deprotection of compound 70 in
23.6% (cxo-isomer). MS(CT) 209, 211(M+1). 'H-NMR
(CDCLL) 0 2.7 (dd, J=9.0, 5.1 He, 1H, H.), 3.629(d, J=2.4
Hz. 1H). 3.791 (brs., 1H). Some endo-isomer can be iso-
lated.

EXAMPLE 57

Preparation of disodium 7-cpibatidinviphosphate
(71)

N,I’D(Uﬂl);

Cl

Epibalidine (4.0 mg) was dissolved in 3 m] phosphorous
oxychloride and the mixture was refluxed for 3 hours in the
absence of moisture. The excess reagent was removed in
vacuo 1o give 100 mp 7-epibalidiny] phosphoryl dichloride
as a brown oily residue. To 28 mg of this residue in 2 ml
tetrahydroluran was added 2 ml 1M sodium hydroxide in ice
bath. The mixwre was stimed at room wemperature for
another 4 hours. Alter evaporation of the organic solvent, the
aqueous solution was washed with ethyl ether (2x5 ml). The
aqueous laycr was then evaporated in vacuo to ca. 0.5 ml and
left 10 stand at om temperature for several houns 1o give
compound 71 s a while crystal. Yicld 14 mg (80%).
'H-NMR(D,0) 32.745 (p, =45 Hz, 1H, H2)}, 3.723 (brs,
1H), 3.920 (brx, 1H). 7357 (d, J=8.4 Hz, 1H). 8.073 (dd,
J=2.4, 8.4 Hz 1H), 8263 (d, J=2.4 Hz, 1I). *'P-NMR
(D.0). 5.332. Chlorosullonic acid or other N-sulfate
reagents can be used in place ol phosphorus oxychlorick,
uncer these reaction coaditions to prepare the N-sulfate
derivative of cpihatidine and analogs thereto.

EXAMPLE 58
Preparation of 2.3-dehydroepibatidine (72)
Scheme 7 shows the production of compound 72.

/C(XX.'(C“lh .
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a) Preparation ol 7-varbo-t-butoxy-2-{2-chloro-5-pyridyl)
-3- phcnvlsulfonyl—?—mb;cyuh{’ 2.1Thepta-25-dicoe (73)

Using the method set forth in Example 29, cnmguund 73
was ohlained from the Diels-Alder reaction of 1-(2
S-pvndvl)-’-rhenylmlfmylu:alylem 22 with N-carbo-t-

butoxy pvrrole (N-t-Boc-pymrole) in 64% yicld as a white
solid. mp. 133°-134° C. MS(CI) 445, 44K (M+1).

b} Preparation of 7-1-boc-2-(2-chloro-5-pyridyl)-3-
phenylsulionyl-7-azabicyclof 2.2. 1Thept-2-enc (73)

Adduct 73 (445 mg) was dissolved in 2 mixture of 20 ml
methanol and 10 ml tetrabydrofuran comaining 8 mg plati-
oum oxide. Afier hydropenation under 1 atm hydrogen for 3
bours, the calalyst was removed by lliration. The filirate was
concentrated in vacuo 1o give 440 mg residue. It was
solidificd afier trituration in methanol. Yield 98%. MS(C1)
447, 449(M+1). H'-NMR {CDC13) & 1.266 (s, 9H, C(CH,)
3), 4.905, 4.945 (2brs., 2H, H24).

¢) Preparation of 2-(2-chloro-5-pyridyl)-3-
phenylsulfonyl-7-azabicvelof 2.2.1Jhept-2-ene (75)

Using the method set forth in Example 53¢, the 1-Boc of
compound 74 was casily deprotecied by trifluoro acetic acid
a1 0° C. 1o give compound 75 in 95.4% yicld as a white solid.
MS(CT) 347, 349(M=+1). H-NMR (CDCl,) 34.423 (d, J=4.2
Hz, 1H), 4500 (d, J=3.6 Hz, LH) {H, ).

d) Preparation of 2,3-dehydrocpibatidine {72)

Compound 75 (365 mg) was desullonated using the
metbod sct forth in example 30 to give 23 mg of compound
72 s a colorless oil. Yield 19%. MS(CI) 207, 209(M+1).
H!-NMR (CDCl,) 5 4323 (s, 1H, H,). 4.574 (d, J=3.0 Hz,
1H, H,). 6.560 (d, J=2.4 Hz, 1H. H,).

EXAMPLE 59
Preparation of Chloroethylepibatidine (76)

< /CH;CIl:CI

Using the method set forth in Exampls 44, cpibatidine 19
way alkvlated with i-chloro-2-hromaoethane to give com-
pound 76 in a 35% vicld as a clear oil. MS(CI) 271,273,
275(M+1). H-NMR {CDCl,). 3 3.225, 3476 (25. 2H.H, ).
3568 (1, J=6.6 Hz 2H).

EXAMPLE 60
Preparation of 2-2-hvdroxy-5-pyridyl)-7-
azanorbomame (77)

Compound 33 (8.5 mg. (.044 mmol) was dissalved in 1
ml en-hutanol. To this solution was added | ml 2M potas-

|ﬁk\



BNEDOCID «US

5,817,679

45

sium hydroxide. After reflux for 20 hours and ¢vaporation of
butanol, the mixiure was adjusted with 1M hydrochloric
acid to pH 6-7. Evaporstion of solvent in vacuo ami
purification of product with silica gel preparative thin layer
chromaingraphy developing with 20% 7N ammonia metha-
ool in chlorolorm gave 4.2 mg compound 77 as an oil. Yield
50%. MS(CT) 191(M+1). *H-NMR (CDCl,) & 2.554 (hrs.,
TH. H,). 3.503; 3.743 (2bes., 2H, H, ).

EXAMPLE 61

Preparation of 2-{2-methylthio-5-pyridyl)-7-
azanorbormame (78)
N "

3CH,

Using the method set fonh in Exsmple 33, compound 78
was oblained in 28% yield from sodium methylmercap-
1anide in cthanol ax a colorless oil. MS{CI) 221, 223{(M+1).
'H-NMR(CDCl,) d 2.542 (s, 3H, SCH3), 2.757 (dd, J=5.1,
8.7 Hz, 1H, H.), 3.546, 3.781 (2brs., 2H, H, ).

EXAMPLE 62

Prepuration of 5,6-his{trifluoromethyl)
deschloroepibatidine (79)

Scheme 8 shows the preparation of compound 79.

o
« )
N 3
CF
. CO0C{CHin
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a} Preparation of 7-t-Boc-1.2-bis(iriluoromethyl)-7-

saabicyclo[22 1]hepta-2,5-dicne (M)
nd 80 was prepared aceonding to the procedure
wi forth in J. Lerov o al, Synihesis, 1982 313,

(k) Preparation of 7-1-Boc-23-bis{iriluoromethyl)-5-
(pyridyl)-T-azabicyclof2.3.1Thept-2<ne (81)

Compound 80 (165 mg. 0.5 mmol) and 105 mg
A-iodopyridioe (15 mmol) were dissolved in | ml dimethyl
formamide cootaining 9 mg palladivm acetate, 21 mg Lriph-
enyl phosphine, 120 mg piperidine and 60 mg 88% formic
acid. The mixture was stirred st 60°-70° C. under nitrogen
for 1.5 hours and at room tempemature overnight. The solvent
was removed in vacuo and the retidue wes partitioned
utween methylene chloride and waier. The organic layer
was scparated and the aqueous layer was exiracted with
methylene chloride, The combined organic layer was
washed with salurated brine and dried over magnesium
sulfate. After remaoval of solvent in vacuo, the residue (218
mg) was scpamled in silica gel column ehuing with 20%
cthyl acelate in petroleum, to give 48 mg unstable compound
81 as a red oil. MS(CI) 409(M+1). Yicld 23%. ‘H-NMR
(CDCl,) 8 1.427 (s, 9H, OC(CH,),). 2.974 (dd, J=42, 8.4
Hz, 1H, H.), 4.906, 5.147 (2brs.. 2H, H, ).

The 5-«(2-chloro-5-pyridyl) snalog was oblained by
replacing the iodopyridine in tbe abowe reactioa with
2-chloro-5-iadopyridine.

¢) Preparation of 23-bis(triluoromethyl)-5-pyridyl-7-
azabicyclof2.2.1Thepta-2-ene (82)

Using the method set forth in Example 53¢, compound 81
was essily deprotecied with trifluoroacetic acid o give
compound 82 in 90% yield. ‘H-NMR (CDCl,). d 2.02 {dd,
Ju84, 2.1 Hz, 2H. Hy), 2.88 (dd. I=4.R, 8.4 Hz, 1H, H,),
436, 4.63 (brs.. M, H, ).

The 5-(2-chloro-5-pyridyl) anslog was obtained in the
manner set forth above.

d) Preparation of 5,6-bis{irifluoromethyl)
deschloraepibatidine: (79)

Compound 82 was hydrogenated under high pressure of
hwdrogen, providing compound 79.

5.45-Bis{triflucromethyl)epibatidioe was obtained in the
manncr set forth ahove.

C. SYNTHESIS OF 7-AZA-2-HETEROCYCLIC-
BICYCLO[2.2.1 JHEPTANES or HEPTENES.

The syntheses described hercin can be used 10 prepare
T-az-2-heterocyclic-bicyclof2.2. 1 Jeplanes and heplones.
As described ahave, the dipolar cycloaddition of
pentaamminesosmium-pyrrole complexes affords
2-carhomethaxy-7-azanorbormanes which are uscful saning
materials for 7-aza-2-heierocyelic-bicyclof2.2.1}beptanes
am! bepienes. Reactions of these eaters with acetamidoxime
alfords  7-aza<( 1" ¥-oxadiazoles)-hicyclo]2.2.1lheptancs
and heptenes. Speiflic exampls of these compounds are
shown in Table 4. The analogous 7-henzyl and
7-unsubstitutcd compounds can be symhesized from the
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corresponding methy] esters described in Examples 66 and
67. The corresponding ¥-methyl-5'-2-{7-azanorbormyl)
isoxazlex, can be svalhesized via the reaction of the methyl
esters such as those produced in Examples 72 and 73 with
the dianion of acetone oxime.

TABLE 4
nl\N
. R
Ab’ )
R
R, R. R,
Cli,  exo-CH,NHCOCH, ]
CH,  exo-CH.NHCOFh H
CH, cxo-CH.NHOONHPY H
i N [
. o,
tx0- $—C‘Ilj
% N
[a]] N CH,
] 0/ A
EX0- )—C‘Hu
‘\é N
CH, N H
» 0’
endo- }—CH.-
% N
(] N H
L] o,
s y OCH,
"\(I§ N
CIL, N H
> x”
a0~ I »—CH;
‘\(k ['o]
C1y, N H
3 N”
cndo- 0 }—Clh
\& o
AICH, endo-COOCH, H
H endo-COOC, H
EXAMPLE 63

Prepaation of exo-2-axtamidomethyl-7-meihyl-7-
azabicyclo[2.2 1 Jhcptane

A solution of the exo-2-aminomethyl-7-methyl-7-
azabicyelo{2.2.1]heplanc formed in Example 21 (27 mg,
0.19 mmol) in ether (3 mL) was treated with acetic anhy-
dride (30 mg. 0.3 mmol), Afier 20 minules, the reaction
mixture was extracted with agueous 10% Na.CO,. The
organic pbase was dried over MgSO,, filtered, and
cvapurated, alfording 29 mp (R2%) of the title product. 'H
NMR (CDCL,) d 7.66 (hr %, 1EE, NH), 3.24-3.14 (m. 311
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overlap of CH.N and H4), 3.06 (d, J=3.9 Iz, 111, H1), 2.18
(s, 3H. CH,N), 191 (s, 3H. CH,CO. 187-1.75 (m, 3H),
145 (m. 2H), 125 (m, 2H); *’C NMR (CDCI,) 8 170.5
(CO). 649 (CIN, 61.5 (CH), 44.2 (Cll.), 40.6 (CH, C2).
Jéis ;cng. M0 (CHN), 25.8 (CH,). 25.4 (CH.), 23.2
(Cll,).

EXAMPLE 64

Preparation of exo-2-benzamidomethyl-7-methyl-7-
azahicyclo[2.2. 1]eplan:

The procedune described in Example 63 was followed,
replaciog acetic anhydride with benayl chioride. Purifica-
tion of the crude prduct by column chromatography on
silica gel (using cther containing 2% NH,OH and 8%
methanal) afferded the title product in 71% yicld. 'H NMR
{CDCly) o 9.16 (br s, 1H, NH). 7.86-7.4 (m, 5H. Ph),
35-3.3{m, 3 overlap of CH.N and Hi}, 2.18(d, J=3.6 Hz,
1H, H1), 2.32 (s, M1, CH,N), 1.99-1.91 (m, 3H), 1.69—1.51
(m, 2H). 1.41-1.37 (m, 2H); '*C NMR (CDQ,) & 167.4
(CQ), 1348 (C). 130.9 (CH), 1283 (CH), 1268 {CH), 65.4
(CH), 61.4 (CII), 44.8 (CH.N), 40.0 (CH, C2}, 35.4 (CH.),
34.0 (CH,). 25.6 (CH.), 25.7 (CH.).

EXAMPLE &5

Prepantion of N{¢xo-2-{7-methyl-7-azabicyclo
[2.2.1}cpryl)methyl]-N'-phenyl urea

The procedure dexcribed in Example 63 was fonllowed,
replacing acetic snhydride with phenyl isocyagate. Purifi-
cation by column chromatography on silica pel (ether con-
faining 5% NI{,0H and 10% methanol) afonded the title
product in 67% yild. *H NMR {CDC,) 8 7.30-6.9 (m, 5H,
Ph), 6.89 (br s, 1, NH) 3.3-3.2 (m. 3H, overlap of CH.N
and H4). .04 (d, J=3.3 Hz, 1H, H1), 2.6 (br s, 1H, NH), 2.07
(s, 3H CH,N). 186-1.81 (m, 3H), 151-143 (m, 2H),
1.33-1.29 (m, 2H); 'C NMR (CDCl,) & 156.6 (CO), 138.9
(©), 129.0 (CH), 1233 (CH), 121.0 (CH), 648 (CH), 61.4
(CH), 4.9 (CH.N), 41.4 (CH, C2), 35.2 (CH.), 3.1 (CH,),
25,8 (CiIL.), 35,5 (CH.).

EXAMPLE 66

Prcpanation of exo-2,5'(3"-methyl-1'.2",4'-
ondiazniyl)-7-methyl-7-azabicyciof2.2. 1 Theprane

The procedure se1 forth in Carrol ¢t al., J. Med. Chem,
1593 36. 2846 was used 10 prepare this compound. Sodium
hydride (27 mg. 1.1 mmol) was added to & solution of
acetamidoxime (77 mg, 1.04 mmol, 5 e¢p) in THF (10 mL)
and the mixturc was stirred and refluxed under pitrogen for
! bour. Exo-2-carhomethoxy-7-methyl-7-azabicycla[22.1]
heptane (34 mg. (.2 mmol) and powdered molecular sieves
{85 my) were addecl to the mixture and the reaction was
refluxed and stim:d for an additional 3 bours. The mixture
was filtcred, the cakic was washed with THF. (b fillraic was
cvaporated. and the residue was chromatographed on silica
gel using 1% NH,OH, and 3% methanol in ether. This
provided the exo product as a colorless resin (12 my, 31%).
'H NMR (CD(1y) » 3.66 (d, J=4.2 Hz, LH, H1), 339 (1,
J=4.2 Hz, 1H, 1), 2.93 (dd, J=93, 5.1 Hz, 1H, H2), 236
(%, 3H), 2.3 (m, 1H}. 2.23 (s, 3H), 2.0-18 {m. JH), 1.45 (m,
2H); "C NMR (CDCl,) d 182.3 (C). 167.4 (C), 65.8 (CH),
61.5 (CH). 41.4 (CH), 36.3 (CH.), 35.1 (CH,N), 26.8 (CH..).
26.3 (CH.). 12.0 (CH,).

EXAMPLE 67
Preparation of exo-2,5'(3-methyl-1'2' 4
oxadiazolyl)- 1 4-dimethyl-7-azabicyclof2.2.1]
heptane

The pnxvdure of Example 66 was used except that
ex0-2-carhumetboxy-1.4-dimethyl-7-azabicyelo{2.2.1]
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beplane was used in place of exo-2-carbomuthoxy-7-
methyl-7-azabicyclo[2.2.1Theptane. The pmduct was puri-
tiedd by prep. GC on 2 OV-17 column (180* C.). 'H NMR
{CDCY,) d 3.30 (dd, 1H), 237 (s, 3H). 2.15 (dd, 1E), 1.90
{m, tH) 1.6-1.8 (5H), 1.44(s, 311), 105 (s, 3H): '*C NMR
(CDCI) d 181.9 (C) 166.8(C). 68.1(C), 66.6 (C), 46.4
(CH). 459 (CHL.). 38.6 (CH.), 37.0 (CH.). 206 (CH,).
1836 (CHy), 1135 (Cily).

EXAMPLE 68

Preparation of endo-2.5"-(3'-methyl-1'2"4'-
oxadiayolyl)-7-methy)-7-azabicycio[2.2.1 focplane

The procedure of Example 67 was repeated in the abscace
of molecular sieves using 2.25 eq of acetamidoxime and 3
eq NaH. This provided of ¢xo and ¢ndo isomers. The
momers wer: separated by prepanative TLC (2.0 mm plate,
2 saunted NH,—methanol in eiber; ¢xo0 R=0.4, endo
R=0.3) (isalated yiclds after chromatographic H.Pll'lliﬂl:
17%., 15%. respectively). Daia for endo ssomer: “H NMR
{CDC1,)d 3.61 (m, 2H, overlap of H1 and H2), 3.35 {t, J=4.5
Hz, 1N, H4), 2.40 (s, 3H), 2.36 (s, 3H), 2.3 (m, 1H), 1.9 (m,
1H). 1.8 {m, 1H), 1.6 (m, 1H), L4 {m, 1H), 1.15 (m, IH);
13C NMR (CDC1,) b 1805 (C), 1668 (C), 65.0 (CH), 61.9
(CH), 37.9 (br, CH), 34.5 (NCH,), 32.7 (br, CH.), 28.1 (br,
CH.), 23.6 (br, CH.). 11.5 (CH,).

EXAMPLE 69

Preparation of exo-2,5(3'{4-methoxyphenyl}-1'2',
4" oxadiazolyl)-7-methyl-7-azabicyclo[2.2. L Theptane

This compound was prepared using the procedure sct
forth in Example 68, rerlucing acctamidoxime wilh
4-methoxybenzamidoxime. '"H NMR (CDCl,) 8 8.0 (d, J=9
Hz, 2H), 6.96 (d, J=9 Hz, 2H), 3.89 (s, 3H, CH,0), 3.77 (d,
J=4.2 Hz, 1H, H1), 3.41 (1, J=4.2 Hz, 1H, H4), 3.00 (dd,
J=8.1, 4.2 Hz, 1H, H2), 2.47-238 (m, LH), 224 (s, 3H,
CH,N), 2.04-1.85 (m, 3H), 1.55-1.42 (m, 2H); *C NMR
{CDAQ,) b 1818 (C). 167.9 (C). 161.7 (C), 129.1 (CH).
1195 (C), 114.1 (CH), 655 (CH), 61.1 {CH), 55.3 (CH,0).
41.2 (CH. C2), 35.6 (CH.), 34.8 (CH,N). 26.7 (CH.), 26.1
(CH.).

EXAMPLE 70

Preparation of ¢ndo-2.2-(5'-methyl-1'3 4'-
oxadiazolyl)-7-methyl-7-azabicycto[2.2.1 Theptanc

Thi compound was prepared using the method se1 forth
in Ainsworth <1 al., J. Org. Chem., 1966, 31, 3442. A mixturc
of endo-2-carbomethoxy-7-methyl-7-azabicyclo[2.2.1]
heptane (108 myg, 0.54 mmol), ethanol (2 mL), and hydra-
zine hydrate (0.44 g, 13.8 eq) was refluxed for 14 hours and
the volatiles were removed in vacuo. The resulting crude
hydrazide was refluxcd in excess triethyl onboacetaie (0186
£.83 ey) for 18 bours. The mixture was acidified with HC1
and the voreacied orthoester was cvaporated. The residue
was made basic with NH,-methanol, tsiturated with meth-
viene chloride, and filiered 10 remove the insoluble NI, CL
The filtrate was evaporated, and the cnke material puriticd
by preparative TLC (cther containing 7% of sawrated
NH,—CH,0H), providing 29 my (24%) of the Litle product.
1 NMR (CDCl,) & 3.51-3.45 (m, 2H, overlap of H2 with
H1 ar H4), 3.31 (1, J=4.8 He, 1H, H4 or H1), 247 (s, 3H).
2.33(x, 3H), 2.29-2.19{en. IH), 1.95(m, LH), | B6~1 .74 (m,
1H), 1.68~1.59 (m, 111), 1.46~1.38 (m, 1H), 1.22-1.13 {m,
1H): ¢ NMR (CDC1,) d 1685 (C). 164.3(C), 65.6 (C'H).
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62.4 (CH), 37.5 (br, CII). 35.1 (NCH,), 32.8 (hr, CI1,). 28.4
(br, CHa, 238 (br, CH.). 11.4 (CH,).

EXAMPLE 71

Prepanation of exn-2.2(5'-mcthyl-1°3"¥-
oxadiazolyl)-7-methyl-7-azabicyclo{ 2.2. 1 Jheptane

The endo isomer produced in Example ) (21 mg, 0.11
mmol) was refluxcd in methanol (1 mL) containing potas-
sium hydroxide (20 mg, (L3 mmol) for 45 minules. The
methanol was evaporated, the residue was dimsolved in
waler, and the resulting mixture was extracwed with meth-
viene chioride. The exiract was dried and evaporated, afford-
ing 10 mg of a 1;1 mixture of exo and endo isomers. The
isomers were scparated using prepanative TLC (acetonitrile
containing 10% NH,-methanol), affording the tille product
{3 mg, 15% hascd on recovered endo isomer). 'H NMR
(CDCl,) 3 3.59 (d, J=3.9 Hz, LH, H1),3.37 (1, J=4,2 Hz, 1H,
H4), 2.93 (dd, I1=93, 5.1 Hz, 1H, H2), 2.46 (S, 3H), 2.24 (s,
3H), 2.0-1.7 (m, 4H), 1.5-1.37 (m, 2H).

EXAMPLE 72

Prepanation of 2-carbomethoxy-7{3.5'-
dimethylbhenzyl)-7-a2abicyclo[2.2.1 Theptane

The procedure used in the synthesis of 2-carbomethoxy-
T-methyl-7-azabicyclof2.2.1Theptane was used to make the
title compound from 3',5'-dimethylbenzylpyrroke using the
procedures sct forth in Exemple 13 and 14. This title
compound was obtained as s 1:3 mixture of exo/endo
isomers in 27% yickd. Dai for major (endo) product: 'H
NMR (CDC1,) & 7.0 (s, 2H), 6.9 (s, 1H), 385 (s, 3H), 3.53
(br 5, 2H), 3.35 (m, 2H), 3.13 (m, 1H), 2.4 {m, 1H), 235 (s,
6H) 2.0 {m, 1H), 1.9-1.33(m, 4H).

EXAMPLE 73

Preparation of 2-carhomethoxy-7-azabicyclo[2.2.1]
bepian:

The product formed in Example 72 was trealed with an
equal weight of 10% Pd-on-C and refluxed in 96% formic
acid for 12 bours. The mixiore was filtered, the fillraie was
panitioned between 10% aqueous Na.CO, and methylene
chloride, and the extract dricd and evaporated, affording &
48% yield of the litke compound. Major (endo) isomer: 'H
NMR (CDCl,) 8 4.12 {1, 1), 3.92 {t, 3H). 3.8 (s, 3H), 3.2
{m, 1H), 2.3 (br 5, 1H), 22-1.55 (m, 6I1).

FIG. 6 provides examples of » synihetic rouic for pro-
duction of 7-sza-l-isoxazok-bicyclo[2.2.1Thepanc. This
procedure is set forth in detail below in Examples 74 through
82

EXAMPLE 74

Prcparation of {(2){cxo)}7-{1.1-
dimethylethoxycarhonyl)-7-azabicyclof2.2. 1]beptan-
2-om (B3)

A procedure similar 10 that set forth in Dess ¢1 al. J. Org.
Chem. 1983, 48, 4156 was uscd prepare compound 83. The
Dess-Marntin periodinane (2.0 g, 4.70 mmol) was added 10 2
stirred solution of 2-hydroxy-7-(l.1-
dimethylethoxycarbonyl)-7-azabicyclo2.2.1]heptane 82
(1.0 g 4.72 mmo)). Aficr 12 hours the mixiure was diluted
with Et.0 and pourced inte saturated aqueous NaMCO,
containing a sevenfold excess of Na-S0;. The: ongani: layer
was washed with saturated aqueous NaHCO,, with .0,
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drivd aver Mg$Q),,, filicred and coneentrated. The nsulbting
rsidue was puriticd by chromatography (204 E10Ac/
:xams) to give compound B3 (053 g, 84%) as a clear oil
that soliditied on standing.

EXAMPLE 75

Preparation of (£)-7-(1,1-dimethyl-cthoxycarbonyl)-
T-azabicyclo[2.2.1heplan-2-ylidenc (84)

A procedure similar to that set forth in Fitjer, et al.,
Svithetic Commnutications 19835, 15 (10), 855 was wwed 10
prepare compournd] 84. Methyl iriphenylphosphonium bro-
mick: (1.55 p. 4.4 mmol) was adled 1o a stirmed solution of
potassium ter-butoxide (053 p, 4.34 mmol) in absolulc
azene (8.0 mL). The mixture was relluxed for 15 minutes
and most of tbe solvent was evaporated off. Ketone 83 ((0.83
g~ .93 mmol) was added 10 the remainimg slurry a1 90° C.
The reaction mixture was slirred at 90° C. for 2 hours,
cooled, and pantitioned between H.O (25 mL) and EL.O (80
ml.). The aqueous layer was extracted with E1.O (3x80 mL).
The combined orpanic layers were dred over MgSO,,
lillered and concentrated. The resulting residue was purificd
by chromatography (10% EiOAc/hcxanes) 1o pive com-
pound 84 (0.52 p. 63%) as a ckar oil. R, 0.72 {10%
EiQAc/hexancs). *H-NMR (CDCl,, XX) MHz) d 4.93 (s, 1
H). 4.73 (s, 1 H), 450-436 (m, 1 H), 434420 (m. 1 H),
253-1.54 (m, 5 H) 1.43 (s, 9 H).

EXAMPLE 76
Preparation of (z)-{exo)-7{1.1-

dimethykthoxycarbonyl)-2-hydroxymethyl-7-
azabicyclo[2.2.1 wptanc 85

BH,*(CH,)-S (1.75 mL. 2.0M in THF) was added 10 a ;

stirred, cooled ((° C.) solution of 84 (052 g, 2.49 mmol) in
hexanes (6.0 mL). The cooling bath was removed. Afler 3
hours, ethanol (2 ml.) was added followed by & mixture of
NaOH (3 mL. 3M). and H.O. (30%, 3 mL). The mixture was
heated at 40" C. for 2 hours, cooled and partitioned hetween
brine and E1.O. The aqueous layer was extracted with E(.O
(325 mL). The combined orpanic layers were dricd aver
MgSO0,, filiered, and concentrated 10 give compound B5 as
aclear oil. R 0.54 (50% EtOAc/hexancs). "H-NMR (CDCI,,
300 MHz) d 434400 (m, 2 H), 3.82-2.26 (m, 2 H). 3.00
(x 1 H), 251-2.28 {m, 1 H), 2.08-(.68 (m, 15 H).

EXAMPLE 77

Preparation of (£)-{exu)-7{1.1-
dimethylcihoxyearbonyl)-2-formyl-7-azabicyck
[22.1Thepian: (86)

A procedure similar to that sel forth in Danishefsky et al.
J. Org. Chem, 1991, 56, 2535 was used 10 preare compound
86. Ttw Dess-Martin periodinane (089 g, 2.09 mmol) was
added ta 2 irced solution of 85 (049 g. 2.17 mmol) and
pyridine (0.62 p. 7.80 mmol). Alter 2 hours, the mixture was
diluted with E1.O and pourcd into saturated agucous
NaHCO, cmtaining a sevenfold excess of Na.S.0Q,. The
vnganic layer was washed with saturated aqueous NaHCO,,
with H.0. dried over MpgSO,, tillered and concentrated. The
rowlting nidue was purified by chnwmatography {HY
ElOAc/hexanes) 1o give the title mmpuund H6(0.22 3, 45%)
3% a chear oil and a mixiure of isomeric aldehydes (0.8 g). R,
{186 (309 EYOAL hexanes). "H NMR ((‘DCI,. A0 ME) h
079 (s 1 H). 4.684.45 (m. 1 H), 4.41-3.83 (m. | }I),
317254 (m. 1 H). 2.11-1.05 (m, 15 H).
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EXAMPLE 78

Prepanation of (2)-{exo0)-2{1'{? 2-dibromo-1'-
ethenyl)}7-( 1.1 dimethylethoxyearbonyl)-7-
azabicycla2.2.1 heptane (87)

A procedure similur to that set forth in Corey, el al.
Teirahedmon Len, 1972, 3769 was used 1o prepare compound
87. Aldechyde 80 (0.22 g, 0.98 mmol) dissolved in CH.Cl.
was added 10 a stifred, cooled (0° C.) solution of CBrd (0.72
£. 2.17 mmol) and triphenylphosphioe (1.05 g, 4.0 mmol) in
CH.Cl. (5.0 mL). The rcaction mixiure was stirred 10
minutes, dilued with pentane and filiered through a Celite
pad. The filier cake was washed with E1.O and the flivae
concentrated. The resulling residue was purified by chroma-
tography (a linear gradient of (-10% Et.O/pentane) 1o gwe
compound R7 as a clear oil that solidified on standing. R,
0.75 (10% E..O/pentanc). *"H-NMR (CDCl,. 300 MHz) h
6.35 (d, 1=8.7 Hz 1 H), 4.40—1.00 (m. 2 H), 3.05-2.80 (m,
1 H), 232-2.05 (m, | H), 1.90-1.32 (m, 12 H).

EXAMPLE 79

Prepared of (1){exo)-2-(1'-<cthynyl)-7{1,1-
dimethyleihoxycarbonyl)-7-azabicycio{2.2.1]
heptane (88)

A procedure similar 10 that set forth in Corey, ¢t al.
Tetrahedron Lent. 1972, 3769 was used 1o prepare compound
B8. n-BuL{0.56 mlL, 2.69M in hexanes) was added 10 2
stirred cooled (-78° C.) solution of tbe dibromide 87 (0.26
g. 0.68 mmol) in THF (7.0 mL). The reaction mixture was
stirred a1 =74° C. for 1 hour, warmed 10 room temperature,
and stimed 1 hour more. The reaction was quenched by the
addition of H.O and partitioned with E1.O. The aqugous
layer was exiracied with E1.O. The combined organic layers
were dried over MpSO,, filtered and concenirated. The
resulting residue was purified by chromatography (10%
EtOAc/hexanes) 10 give compound 88 (0.16 g, 60%) as &
clear yellow oil. R, 0.75 (10% EtOA/hexancs). ‘H-NMR
(CDCl,, 300 MEIz) d 4.35-4.05 (m, 2 H), 2.94-2.73 (m, |
H), 2.28-1.97 (m. 2 11), 1.89—1.24 (m, 13 H).

EXAMPLE 80

Preparating of (£)-7-(dimethylcthoxycarbonyl)-2-
[5'¢¥-merhyl)isoxazolyl }-7-azabicyclo]2.2.1]
heptanc (89)

A procedure similar 1o that set forth in Kozikowski et al.
J. Org. Chem. 1985, 50, 778 was usced 10 preparc compound
89. A stirred salution of the alkyne 88 (0.16 g, 0.73 mmol).
penylisocyanate (069 g. 5.79 mmol), triethylamine (3
drops), and nitroethane {0.11 g, 1.45 mmol) in benzene was
heated st 75°-K5* C, for 16 bours. The reaction mixture was
cooled, and filicred. The filmle was panitioned between
H.O and hexanes. The orpenic layer was washed with
saturated aqueous NaHCO,, and with H.O, dried aver
MgSO,, tilicred and concentrated. The resolting residue was
puritied by chromatography (lincar gradieat of 10-2v%
EtOAc/hexanes) to give compound 89 (0.12 g, 60%) as 2
light yellow semisolid. R, 0.33 (102 Ei0Acrhcxancs).
'H-NMR (CDC1,, 300 MHz) 3 5.89 (s, 1 11), 450437 (m,
1 H). 4.3—1.24 (m. 1 H), 3.50-3.37 (m, 1 H), 2431.16(m.
18H) ppm.

EXAMPLE 81

Prepanation of 2 5°-(3 -muthyl)inoxazolyl]}-7-
azabicyclof2.2.1]heplane, (90)
Tritluomacelic acitk {1.49 g. 13.0 mmol) was added w 2
stirred, couked ((1° C.) solution of the isoxazok: 89 (564 mp.
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(.212 mmal) in CHCI, (2 mL). After stirring for 18 hours.
the valatile components were evaporaled and the remaining
residue partitioned between saturated agueous K.CO, and
CIICL,. The aqueous layer was extracied with CHCl,. The
<umnbined organic layers were dried over Na SO, filtered,
and concentrated to give compound 90 (41.2 mg, 69%) as a
clear il 1hat formed a wax-like solid upon standing. The
product could be further puritied by chramatography ( [0%
CH,OH;CHCY,). R, 0.33 (10% CH,OH/CH.CL,). ‘H-NMR
{CDC1,, 300 MHz) & 5.92 (s, 1 H), 4.10-387 (m, 2 I},
3.63-3.13(m, 2 H), 2.42-2.11 (m, 4H). 1.89-1.32(m, 5 H).

EXAMPLE 82

Prepanration of 2{5'(3-methyl)imoxazolyl}-7-
methyl-7-azabicyclo[2.2.1Theptanc (91)

A procedure similar to thal se1 forth in Garvey et al. J.
Med Chen. 1994, 37, 1055 was used 10 prepare compound
91. A slimed solution of the isoxazok 90 (193 mg, 0.18
mmol), formalin (0.32 mL, 37% in H.O). and formic acid
{0.22 mL. 88% in H.O) was heated at 85°-90° C. for 20
hours. The mixiure was coobd 10 room temperature, treated
with HC1 {6M) and extracted with Et.O. The aqueous layer
was hasificd with saturated aqueous K.CO, and extracted
with CHCl,. The combined organic layers were dricd over
MgSO,. filiercd, and concentrated. The rewlling residue
was purilied by chromatography (10% CH,OH/CH.CL) 10
give compounc! 91 (11.5 mg, 55%) ax an oil, R 0352 (10%
CH,OH/CH.Cl.). *H-NMR (CDCl,, 300 MHz) 8 5.89 (s, 1
H). 3.63-3.24 (m, 3 H), 2.58-2.08 (m, 7 H). 1.97-1.13 (m,
5H).

EXAMPLE B3

Prepaaatioa of (2)-{exo)-7-{mecthoxycarhonyl)}-2«(2'-
quinolyl)-7-azbicyclo]2.2.1Theptane (92)

A procedure similer to that sei forth in Regen, et al,
Tetrahedron Lent. 1993, 7493 was used to prepare compound
92, N-Mcihoxycarbonyl-7-azabicyclo[2.2.1]heptene was
added 10 a slirred solution of palladium acctale (5.6 myg,
0.0249 mmol), iriphenylpbosphine (12 mg. 0.046 mmol),
piperidine (90 mg, 0.11 mmol), formic acid (38 mg, 0.83
mmal), smd 2-iodoquinoline (21.8 mg, (.86 mmol) in DMF
(0.3 mL). The mixture was heated at 75° C. for 7 hours
cooled, and partitioned berween EIOAS {30 mL) and H.O
(10 m]). The organic layer was washed with H.O (3x10 mL).
The organic layer was dried ower MpSO, filiered, and
conveairaicd. The resulting residue was purified by chroma-
tography (lincar pradient of 20-40% EtOAc/bexanes) to
give compound 92 (45.4 mg. 49%) as an oil. R, 033 (40%
EtOAc:hexanes). *H-NMR (CDCl,, 300 MHz) 8 9.00-7.45
{m, 6 1), 184405 (m, 2 H), 3.64 (s, 3 H), 3.29-2.95 (m,
1H), 2.34-1.42 (m, 6 H).

EXAMPLE 84

Preparation of (x)Hcx0)-24{X-quinoly])-7-
azabicyclo[2.1.1Theplan: (93)

A solution of 92 (45.4 my, 00.168 mmo]) in 33% HBr
[{con.) in HOA« (con 9.0 M1.)] was stirred for 30 hours. The
solvenl was evaporated and the resulting solid residue was
dissolved in H.O. The aqueous solution was basilied with
NaOH (2N) and extracted with CH.Cl. (4x10 mL). The
combined organic lavers were dried over MgSO,, filtered
and concentrated, The resulting residue was purificd by
chromatography (5% CH,OH saurated with NEL/CH.CL.)
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io give compound 93 (21 5 mg, 60'%) as 3n oil. R, 0.28 {5%
CIl,OH sawrawd with NHy/CH.CL). 'H-NMR (CDCl,,

300 MHz) d 9.03-7.37 (m, § H), 4.00-3.57 (m, 2 H),
3.10-2.87 (m. | H), 2.32-1.13 (m, TH).

EXAMPLE 85

Preparation of (£)-{exc)-T-methy}-2-{2"-quinalyl)-7-
azahicyclo[2.2.1Jheptane (94)

A procedure similar 1o that set onth in Garvey et al J,
Med Chem . 1994, 37, 1055 was used 10 prepare compound
Y4, A stirred solution of the quinoline 93 (12.5 mg, 0.059
mmol), formalin (0.32 mL, 37% in H,0), and formic acid
(0.22 ml. 88% in H.O) was beatcd at 85°—90° C. for 20
hours. The mixiure was coolked to room emperature, treated
with HC1 (6M) and extracted with E1.O. The aqueous layer
was basified with saturated aqueows K.CO, and exiracted
with CHCl,. The combined organic layers were dricd over
MpSO,, filtered, and concentrated. The resulting residue
was purified by chromatography (10% CH,OH/CH.CL) 1©
give compound 94 (93 mg, 70%) as ao oil. R,0.32 (10%
CH,0H/CH.CL.). '‘H-NMR (CDCl,, 300 MHz) b 8.97-7.89
(m, 6 H), 3.63-339 (m, 2 H), 3.11-2.92 {m, 1 H), 245 (s,
3 H), 2.29-1.00 (m, 6 H).

EXAMPLE 86

Preparation of 2-(5'-0xazole)-7-metbyl-7-
szanorbormane (95)

2-Carbomethoxy-7-methyl-7-azanorhornane is oblained
as set forth in Example 15. The compound is chromato-
graphed on a silica gel column 1o =eparate the exo- and
endo-isomers.

Exo-2-carbomethoxy-7-methyl-7-szanorbomane is
reacted with lithiomethyl isocyanide (the Schollkapl
Reaction). as disclosed by Jacobi, P A. ¢t al.,J. Org. Chem.
1981, 46, 2068, to produce 2-(5-oxazole)-7-methyl-7-
azanorbornane 95. This process is s forth in FIG. 3.

EXAMPLE 87

Prepanation of 2-(1',3 4 -oxadiamnle)-7-methyl-7-
azanorbomane (96)

3-Carbomethoxy-7-methyl-7-azanorhornane is obfained
as s¢t forth in Example 15. The compound s chromato-
graphed on a silies gel column 1o separate the exo- and
emlo-isomers.

Exo-2-carbomethoxy-7-methyl-7-azanorbornane is
reacted using the procedure disclosed by Ainsworth, C. et
al, J. Org. Chan, 1966, 31, 3442 to form the 24(1'3'4'-
oxadiazole)-7-methyl-7-azanorhornane. This reaction
ovcurs by cyclizing an ethoxymethykns hydrazide interme-
diate with tricthyl onhoformate, o produce the 2{1'3'4"-
oxzidiszole - 7-methyl-7-azanorhomane 96.

EXAMPLE 88

Prepantion of 2-(tetrazoke)-7-methyl-7-
azsnorbomane (97)

2-Cyanu-T-methyl-7-azanorbomane is oblained as sel
forth in Exampie 16. The compound és chromatographed on
a silica gel column 1o separaic the ¢xo- and endo-isomers.
Exo-2-cvano-7-methyl-7-azanorbomuenc is converted in
one siep (o the lelmzole 97, as shown in FIG. 4, using the
procedures deseribed by Kadaba, P K. Svehesis 1973, 71,
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EXAMPLL 89 intravenously, intadermally, subcutancously, or wpically. in
liguid, en:am, gel or solid farm.

Prepantion of 2{imidazole)-7-mcthyl-7-
szanuthurnam (98)

2.Cyano-7-methyl-7-azanorbomane is oblained s st
fanh in Example 16. The compound is chromatographed on
a silica gel column to sepanate the exo- and endo-isomers.

Exo-2-cvano-7-methyl-7-azanorbomane is converied
the imidate ester intermediate 99, as shown in FIG. 4, using
the Pinner reaction, as deseribed by Patai, S., ed. Tiw
Choemistry of Amidimes and Imidates, Wiley, 1975.

The imidale ester intermediate 99, is then converted 1o the
the 2-substituted imidamle 98, as shown in FIG. 4, using the
reaction disclosed by Lawson, A.,J. Chem. Soc. 1957, 4225,

LEXAMPLE 90

Preparation of 2«{lenzopyrimidinone)-7-methyl-7-
azanorbornane {100)

2-Cyano-7-methyl-7-azanothomane is chlsined as st
forth in Example 16. The compound is chromatographed on
a silica pel column 10 scparate the ¢xo- and cndo-somers.

Exp-2-cyano-7-methyl-7-azanorboroane is converted 1o
the ymidate ester intermediate 99, as shown in FIG. 4, using
the Pinner reaction, as described by Patai, S., ed. The
Chemistry of Amidines and Imidates, Wiley, 1975,

The imidale ester intermediate 99, is then converted 1o the
the 2-substituted benzopyrimidinone 100 using the reaction
disclosed by Ried, W. ¢t al, Chen. Ber 1962, 95, 3042, as
shown in FIG. 4.

EXAMPLE 91

Preparation ol 2-{acylamino)-7-methyl-7-
azanorbomane and 2-{acylaminomethyl)-7-methyl-
7-azanorbomane

Either exo-2-cyano-7-methyl-7-azaporhbomane or the
cxo-2-carbomethoxy-7-melhyl-7-azanorbornane is con-
veried 10 the exo-2-amino intermediate 101, as shown in
FIG. 5. The exo-2-amin compound 101 may cither be
reacted 1o form hewmewlic rings, or may be acylated 10
provide open chain analogs, such as 102 and 103, as shown
in F1G. 8. For exampk:, the Holfman rearramgement, using
the method of Wallis, E- S. et al., Org. Reactiony 1946, 3,
267, of the amide obtaincd by mild alkaline hydrolysis of the
nitrile, or 1he Schmidt reaction of the comresponding acil.
using the method of Wolll, H. Onganic Reaclians 1946, 3,
07, vields the the exo-2-amine 101. Aliematively, hydrazi-
nolysis of the ¢xn-2-carhomethoxy compound, followed by
a mudified Curtius rearrangement may be used o proparc
the carbamate 1(M, as shown in FIG. 8,

Alwernatively, the 2-cyana maoiety is reduced with Lithium
aluminum hydride 1o yield ¢xo-2-aminomethyl compound
105, which may be acylated 10 give amide or carhamate
upen chain compounds 146,

IV. Pharmaceutical Compusitions

Humans, equine, canine, hovine anxt other animals, and in
particular, mammals, sullering from disorders characterined
by increased or decreased cholinergic function, as described
in more detail herein, can be treated by administeriag o the
paticnt an effective amuunt of one or more of the above-
identified compounds or a pharmaccutically acceptable
derivative or sall thereofl in 2 pharmaceutically aceeptable
carricr or diluent. The active malerials can be administered
by any approprialc roule, for example, onally, parenrerlly,
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As used bercin, tbe wm pharmaceulically acceprable
salts or compleses refers 1o salts or complexus that retain the
duxired biological activily of the above-idenlified com-
pounds and exhibit minimal undesired toxicological effecs
Nonlimiting examples of such salts are (2) acid addilion salis
formed with inorganic ackls (for example, hydrochloric
avid, hydrobromic acid, sulluric acid, phosphoric acid, nitric
avid, and the like), and salis formed with onganic acids such
ax acelic acid, oxalic acid. tantaric acid, succinic acid, malic
avid, ascorbic acid, hergoic acid, tannic acid, pamoic acid,
alginic acid, polyghitamic acid, naphthakenesulfonic acid.
naphthalencdisulfonic acid, and polygalacturonic acid: (b)
base addition salts formed with metal cations such ax zine,
cakiium, bismuth, barium, magnesium, aluminum, copper,
«obalt, nickel, cadmium, sodium, polassium, and the like, or
with a cation formed from ammonia, N.N-dibcnzylkthykene-
diamine, D-glucosamipe, letracthylammonium, or ethykeoe-
diamine; or (<) combinations of {a) aad (b); ¢, a zinc
tannate salt or the like.

The active compound is included in the pbarmaceutically
acceptable carrier or dilvenl in an amouni sufficien 1o
deliver to a patient a therapeutically eleclive amouni with-
out causing serious loxic effects in the paticol treated for any
of the disorders described hercin. A preferred dose of the
active compound for all of 1he hercin-memioned condilions
is in the range from abowt 0.0001 to 20 mg/kg, preferably
0.001 10 2 mg/kg per day, more generally 0.05 1o about 0.5
mg per kilogram body weight of ibe recipient per day. A
iypical topical dosage will ranpe from 0.001% to 0.5% wywt
in a suitable carrier. The eficclive dosage range of 1he
pharmaceutically acceptable derivatives can be calculaied
bhased on the weight of the paremt compound to be delivered.
If the derivative exhibiis activity in itself, the effective
dosage can be eslimaicd as above using the weight of the
derivative, or by other means known 10 those skilked in the
an.

The compound is convenicnily administered in any suit-
able unit dosage form, including but not limited to oo
containing 0.001 1o 1000 mg. preferably 0.01 o 500 mg of
active ingredicot per unit dosape form. A oral dosage of 0.1
10 200 mg is usally comvenicni.

The active ingrediem can be adminisicred by ihe inira-
venous injection of a solution or formulation of the active
ingredient, optionally in saline, or an aqueous medium or
administered as a bolus of the active ingredient.

The conceniration of aclive compound in the drug com-
position will depend on absorption, distribution.
inactivation, and excretion rtes of the drug as well as olber
factors koown to those of skill in the ant. It is 1o be poted that
dosape values will also vary with the scverity of the condi-
tion to be alleviated. I is to be further understood that for
any particular subject, specific dosage regimens should be
adjusted over lime according o the individua! need and the
professional judgment of the person administering or super-
vining the adminisiration of the compositions, and that the
coneentration ranges set foeth berein are exemplary only and
are pot intended 10 limit the scope or practice of the claimed
compoasition. The active ingredient may be administered at
once, or may b divided ino a numher af smaller doses 1o
b administered at varying intervals of time.

Oral compasitions will gencrally include an inert dilwent
or an cdible carrier. They may be coclosed in pelatin
capsules or compressed into tableis. For the purpose of onat
therapeutic adminisication, the active compound can be
incorporated with exvipicnts and used in the form of 12blets,
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troches, or capsules. Pharmaceutically compatible hinding
agents, anc/or adjuvant materials can he included as part of
the composition.

The whlets, pills, capsules, trochus and the like can
cootain any of the following ingredienis, or compounds of a
similar nature: a binder such as microcrystalline cellulose,
gum ragacanth or gelatin; an excipienl such as starch or
bictonc, 2 disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricam such as magaesium stearale or
Swrolex; 2 plidant such as colloidal silicon dioxide; a
sweelening agent such as sucrase or saccharin: or a flavoning
ageot such as peppermint, methyl salicylaw. or orange
flavoring. When the demage unit form ix a capsale, it can
contain, in adlition 1 materiol of the above 1ype, a liquid
carricr such ax a faity oil. In addition, dusage unit forms can
contain various other materials which madify the physical
form of the dosage unit, for example, coatings of sugar,
shellac, or other enteric agents.

The active compound or pharmaceutically acceptable sall
or derivative thereof can be administered as a component of
an elixir, suspension, syrup, waler. chewing gum or the like.
A syrup may contain. in addition to the active compounds,
Sucrose as & sweelening agent and cenain preservatives,
dyes and colorings and flavors.

The active compound or pharmaceutically acceptable
derivatives or salts thereof can also be mixed with otber
active materials that do nol impair the desired action, or with
matcrials that supplement the desired action, such as
antibiotics, amifungaks, antiinflammatorics, or aativiral
compounds,

Sohutions or suspensions used for parenteral, intradermal,
subcutaneous, or topical application can include the fallow-
ing components: a sierik diluent such as walker for injection,
saline solution, fixed oils, polyethylene glveols, glycerine,
propylene glycol or other syntbetic solvents; antibacterial
apents such as benzyl alcohol or methyl parabens; antioxi-
dants such as ascorbic acid or sodium bisultite; chelating
apents such as ethyleacdiaminetetrascetic acid; buffers such
as acetates, citrates or phosphates and agents for the adjust-
ment of tonicity such ax sodium chloride or dextrose. The
parenial preparation can be coclosed in ampoules, dispos-
ahle syringes or multiple dose vials made of glass or plastic.
If administered intravenously, preferred carriers are physi-
ological saline or phosphate buffered saline (PBS).

In one embodiment, the active compounds are prepared
wilh carriers thal will protect the compound against rapid
climinmlion from the body, such as a controlled release
formulation. including implants and microencapsulaied
delivery sysicms. Biodepradable, biocompatible polymers

A5

can be used. such as cthylene vinyl acetate, polyanhydrides,
polyglycolic acid, callagen, polyorthaesters, and polylactic
acid. Metbads for preparation of such formulaions will be
apparent 1o those skilled jn the art. The materials can also be
obtained commercially from Alza Corporation.
V. Analgesic Activity of 7-Azabicyeld[2.2.1}heptanes and
~heptencs

A wide variety of biological sssays have been used o
¢valuaie the ability of a compound 10 a1 a5 an analgesic.
Any of ihese known axsays can he wed o evaluate the
analgesic ability of the compounds disckewxd berein. The
Straub-ail reaction, which is characteristic of opiate
alkalvids. has been used as an assay (or opiate agonists and
antageniss. The assay i8 deseribed in detail in Br. J. of
Pharmacod. 1969, 36, 225, Another accepied assay for
analgesic activity i= the hot platc analgenia assay, described
inJ. of Pharmacol. Exp. Therap. 1953, 107, 385. An assay
for the evaluation of the ability of a compound to bind 1o an
opiale receplor is described in Mol. Pharmacol. 1974, 10,
868

In addition io their potent central analpesic effects, some
of the subsiituted 7-aza-bicyclo{2.2.1]-beptlanes and
~heptenes described berein also possess varying degrees of
peripheral ami-inflammatory and analgesic eflects which are
useful for Iherapeutic applications. The following assays for
the evaluation peripheral anti-inflammatory activities are
described in Barber, A. and Gotischlich, R., Opioid Agonisis
nd Antagonisis: An Evaluation of Their Peripheral Actions
in Inflammation, Medicinal Research Review, Vol. 12, No.5,
525-562 (September, 1992): paw hyperulgesia in rat that has
been induced by prosiaglandin E2 or carrageenan; inflamed
koee joint in catl that bas been induced by carmageenan,
bradykinin or PGE,; formalin test in mouse or mal that bas
been induced by formalin; nevropenic inBammation in ral,
cal or guia pig that has heen induced by antidromic
stimulation of sensory nerves; and the writhing st in mouse
that is induced by acetic acid, phenylhenzoquinone, pros-
taplandin or bradykinin; and adjuvant arthritis in rat that jis
induced by Freund's adjuvani.

EXAMPLE &6

Evaluation of Analpesic Activity

Tablke 5 provides the analgesic activity measured as ED,,
(np/Kg) lor sclecled compounds disclosed berein, as deter-
mined using the Straub-Tail assay, as describe by J. Daly et
al.J. Am. Chem. Soc., 1980, 102, 830 T. F. Spande, et al. J.
Am. Chem. Soc. 1992, 114, 3475; T. Li, 1 al. Bivorganic and
Mudicinal Chemistry Leiters 1993, 3, 2759,

TABLE 5
Structural formuly ED,., sp/Ry Comments
9 (uyKeg) I-epitraticlime
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TABLE 5-continiued
Sructural forule EDyw) mx‘ Comments
||| 75 d-epihmtidise
N » 10
H
N a
«l0
10000 Mixture of eade)
and exo isomen
(1.
750
N
100% @
1000 {uy/Kg)
(NN Hy <100
| a
N
H
=50
<1000
'l 100200
i a
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‘TABLE 5-vontinued
EDy, ayp/Kg Commenis
ca. 50
. 100
. 10

Al ]

N F
meemx
EXAMPLE 87
© TABLE 6
Tesling
Suocuml Formmls Level  Inhibirion %=

Evaluation of Nicotinic Receptor Binding Activity -
/l-l 1 106
N [ =

85 a w1
)
7-Aza-bicyelo[2.2.1 - heplanes and -heptenes were evalu- m
ated for their ability © bind 0 the acetylcholing awntinic !

receptor using a standard binding assay, ¢.g. X. Zhang and

A. Nowherg, Arch, Pharmacol, 348, 28 (1993; R E. @  x” o 7
Middicton and J. B. Coben, Biochemisiry, 30, 6987 (1991), a jot 10
with nivotine sulfaie as the reference compound, rat cortex m m- e
as the lissue substrate, and a {*H]-NMCI radioligand. The N e ;
results are provided in Table 6. 101 L
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TABLE 6-vontinued

64

TABLE ?

Tesing

Strvatunal Formula Level  lohibition e

H 13 [110]
" DL

e L
I
N

0N 1M
i 0

_CH=NH.ZHCI T ol
N we w
wu oz

,CII=NH 10°°M 1AMy
104 713

R [ ¥ I T L]
" 24

a 10 ol
| R=H
N RaClly

EXAMPLE 88

Competition with- Cytisine for Binding to Rat
Cornex (Brain) Recepiars

[*HX-)-Cytisine is a nicotinic cholinergic receptor ligand
that hinds with high affinity 1o the 23b2 sublype receplor, the
major sublype in rodent brain accounting for >90% of
(-)-nicotine bindling sites (Flores, et al. 1992; Whiling, et
al., 1992). This nicotinic receptor sublype is most sensitive
10 (-}nicotine compared to other receplor suhtypes
{Connolly, e1 al., 1992). Compounds that compele with
evtixine for the nicotinic cholineric reacptor are consilered
nicatine receplor agounists.

A membrane [raction from rat brain cortex (Harlan
Lahoratories) was prepaned using an adaptation of an estab-
lished method (Pabreza, et al., 1991). Compound and [*H]
-{-)uytisine (New England Nuwclear, 42 Cilmmol) were
mixcd hefore addition of membrane (05 my proiein) and
incuhaled in glass tubes for 75 minutes on ice; Inlal assay
valume was 0.24 ml. Parallel assays 10 determine nonspe-
cilic binding were incubated in the presence of 10 uM
{~)-nivatine (Sigma). Bound radinactivily wax isolated by
vacuum filiration onto plass microfiber fillers (Whatman,
GF-B) using millipore tubs, followed by 34 ml buffer wash.
Filiers were prerinsed with 0.5% pulycthylencimine prior 10
sampk liliration 1o reduce munspecific binding. Bound
radinactivity was quantitated by scintillation counting.

Tabks 7 and 8 provide the nicotime recepior 1Cy, in
nanamular conceniration for seleced compounds.

INSDOCID: «US___SB8TTETRA1 | »
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Nicotise  Thil-Flick Asmy

Receptar ED,,, %

Cvtinime  Eifecs After § and
1C (aM) ol min. (mprkg)

CHh 00 --9 =16

Rk

N—N

CHy

o, 1% n? 240

4] Cih

v

N=—N

TABLE 8

Nitioe  Thil-Flick
Receptor  Amay ED,,,
ICx, (aM)  (mpig)

H. 100 [

¥

Ciy ~1.000
Sy

CHls n —_

1 7

EXAMPLE 89
Tail-Flick Assay in Mice and Rats
Female CD-1 mice (20-25 g, Charles River Lahs) and
mak: CD rats (300400 g, Charles River Labs) were howsed
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in groups of twar and five, respectively. Animals were given
foud and water ad libitum. Mom studies were performed
using groups of 5 animals per treaiment unkess otherwise
noled

Antinociceptive effects (i.¢c., analgesia) of test compounds
in mice and rats were measurcd by the tail-flick test using a
tail-Hick analpesia meter (EMDIL Instrument Co.). A maxi-
mum latency of 1) sec was impuosed if no n:sponse occurred
within that ime. Antinociceptive activity, measured as &
MPE, was calculated as [(lest-control)( 10-controb)x 100)].

Duration of compound and (—}-nicotine-induced antinoci-
cuplion was asscssed in mice by measuring antinociception
at 2, 5, 10, 20 min aher compound (20 up/kg, s.c.) or
nicotine (5 mg/kg, s

Mice (7 group) or rats were pretrcated i.v. ((0.9% saline or
amagonist. mecamylamine, hexamethonium, atropine,
naluxoune or yohimbine) 10 minutex before administration of
vompound or nicotine at different doses. A control responss
(1.5 sec) was determined for each animal before treatment
aml st Latencies were assessed at 5 minutes aficr compound
adminisination (5 mlAg, s.c) or 2 min afler nicotioe (5
mi kg, sal).

Tables 6 and 7 provide the nil-flick data for selected
compuunds.
IV. Ientification and Use of Nicotinic and Muscarinic
Apuninds and Antagonisis

Mulhods for the determination of 1he specific cholinergic
roeplur activity profile for a sckected compound is easily
determined using known assayn. For cxample, to determine
which tvpe or Lypes of acciylcholinergic receptom a com-
pownd in inleracting with, in vito competitlive binding
assavs can he performed using specific radioligands. A
compuund’s ability to compeie with s specific radioligand
for n:eeptor binding indicales sn affinity for that recepior

ie. Radiolabelled nicotine {or cytisine) and quinuclidiny]

hunzilate an: commonly used for nicotine amxl muscarigic
receplar Types, respectively. However, whether or oot the
cumpound is an agonist or anlagonist is typically not deter-
mincd by these assays.

To diffcrentiate between agonists or amagonisis, cell.
tissue: or animal-based in vilre of in vivo assavs are typically
emploved. For nicotinic recepior ligands, one assay involves
treating an animal with compound, then muasuring a phar-
macolugical activily sssocialed with nicolinic receptor
agonism, such fail-flick analgeia. If compound treaiment
resulied in analgesic activity, the compound is considered a
nicolini: agonist. The compound’s agonisl activity should
also by blocked by known nicotinic receptor anlagonists. A
similar protocal can be utilized if & cell-based assey, such as
release of dopamine from siriatal synaptosomes, is used.

If there is no picotinic agonist activily, €.g. analgesia, in
this example, afier compound 1reatment, an effective dose of
a known nicotinic agonis (Ruch as nicotine) is subsequently
given (o the compound-ircaled animal. If the compound is an
antagonis with the ability 1o block the effects of a known
agonist, then the resulting analpesic activity would be Jess
than that cxpected for the given dose of agonisl.

Muscarinic agonistsantagonists can be characlerized
using appropriate muscarinic receptor-mediated in vitro and
in vivo assays. Pharmacologic approaches can include, for
examph:, include recepior-mediated mobilization of Ca** in
culered cellx, depolarization of the fate superior cervical
ganglion, or coniraction of the longitudinal muscle
myenteric-phixus preparation of ihe guinea pig,

Compounds which act as nicolinic receptor agonisis are
usctul in the treatment of cognitive neurclogical and mental
disorders, including Parkinson's disease, Touretie's
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Syadrome, Alzheimer’s disas:, atiention deficil disorder,
dementia, multi-infart dementia, vascular dementia. cogni-
tive impairment due to onganic brain discase including due
o aleoholism and brain discases, general probkems with
information processing, deficicnt regional cerchral blood
flow and cercbral plucose utilization, psychiatric disorders
(c.u.. schizophrenia and depression), a5 well as ather con-
ditions such ax analgesia, ukerative colitis, sphthous ulesr,
consation of smoking, body weight loss and treatment of the
symploms of anxiety and frustration associaied with with-
drawal [rom other sddictive subsiances, such o5 cocaine,
diazepam or alcohol, Nivolinic reveplor agonisis can also be
used for velcrinary purposes, including as respiratory
slimulants, ecloparusilicides, and anthelmitics.

Compounds which act &% nieotinic receptor antagoaists
are uscful as ganglion-blocking apents, in the control of
bloud pressure in hypertension, in autonomic hyperreflexia
regulation, in the cuntrol of hypotension during surgery and
in the reduction of bleeding during operations. These com-
pounis can also be used as s1abilizing oeuromuscular block-
ing apents which are extensively used as adjuvanis in
ancsibesia for the relaxation of skeletal muscles, treatment
for severe muscle spasms and ventilatory failur: from vari-
aus causes such as ohstructive airway disordem. In addition,
nicotinic receplor antagonists are useful ax depolarizing
meuromuscular blocking agents, for example, = skeletal
muscle relaxants in endotracheal intubation or psychiatric
elctroshock therapy 1o prevent muscle and booc damage.
Nicoline amagonists arc also useful in blocking hath the
scorelagogue and mitogenic effects of nicoline on cancer
cells such as buman smal cell lung carcinoma. Finally,
nicotine antagonists can be wscd as antidotes for curare/
nicotine poisoning.

Muscarinic recepior agonisis are widely used for oph-
thalmic purposes, for example. in be treatment of glancomas
to reduce intrancular pressurc, applicd alone o; in combi-
mation with fl-adrenergic blocking drugs or sympathomi-
metic agenis. of for the reatment of accomodative esotropia.
These agonisis are also useful for one or more of the
following indications: breaking adhesions hetween the iris
and the lens; for the treatment of various disorders involving
the depression of smooth muscle activity without obstruc-
tion (postoperative atony, congenital megacolon); in sticou-
lating smooth muscle activity in the urinary and pastrointes-
tinal tract; in reflux esophagitis, in the treatmem of
postoperative atonia of the stomach or bowel; for gastric
reiention following bilateral vagolomy; fur congenital
megacolon and combaling esophageal reflux; in the treai-
ment of uricary relention and inadequate emplying of the
blackler postioperatively or post partum; and in the treatment
of memory disorders and cognitive fuactions of Alzheimer’s
patieais. The efficacy and side-cifects of muscarinic recep-
tors may be improved by optimizing their differcntial activ-
ity on various muscarinic recepior sublypes, ¢.g.. M1 vs.
M2/M3 recupions, as described by Showell, G. A, et al.,
Aledicinal Chemical Rescarch, 1993, 3:171-1T1.

Muscarinic receptor antagonists (antimuscarinic agenty)
are widely used jo ophthaimology to produce mydriasis
and/or cycloplegia. Selective M1 receptor antagonists are
effective in treating peplic uloer disease, and in the inhibition
of pastric acid secretion, Anlimuscarinic agents are also
useful in treating increased wne or motility of the gax-
troimestinal tract, such as diarrbeas, and in combaling
biliary and renal colics frequently in comhination with an
analpesic drug. Antimuscarinic agents, including qualcraary
ammonium compounds. arc useful in treating vhaructive
pulmonary discaxes such as chronic bronchitis or bronchial
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asthma, Cardioselective anlimuscarinic agents are useful in
treating symptomatic sious bradycardia, e.g.. in aculc myo-
cardial infarction. higher degree heart block and certain
types of veniricular arrhythmias. Muscarinic receptor
anlagonisis are abo used in preopenitive medicalion to
counteract the vepal effects, to reduce excessive bronchial
secretion, and 1o produce some sedation and amnesin. Cen-
trally acting antimuscarinic agents are useful in the ircat-
meat of Parkioson ‘s discase, by restoring the aormal balance
of chalinergic and dopaminergic neurotransmission in the
hasal panglia, in the prevention of motion sickness, as a
sedative, to relieve the symptoms of myasthenia gravis, in
the antagonism of skeletal muscle relaxant effccts of neu-
romuscular blocking agents, and in the treatment of poison-
ing by cholinesterase inhibitors such as those wsed in insec-
ticiths and chemical warfare. Such compounds are also
usefu] 0 counteract ansesthenia elfects, and in mushroom
pomoning.

The clinical efficacy and safety of muscarinic receptor
antagonists can be oplimized by adjusting lissue selectivity,
recepior sabtype specificity and a balance of antagonism and
aponam vs. dilferem receptor subtypes, as well as by
selective local (lopical, acrosol, eye drop) or sysiemic
administration of the drug.

Madifications and variations of the prescot iovention will
be aohvions W those skilled in the art [rom the forepoing
detailed description of the invention. Such modifications and
variations are inencked 10 come within the scope of the
appended claims.

We claim:

1. An 7-azabicyclo{2.2.1]beptane compound of the for-
mula;

whercin:

R* R, and R® are independently hydrogen; alkyl; —CF,,
hydroxy; hydroxyalkyl: alkyloxvalkyl; alkylihioalkyl;
amincalkyl; alkylaminoalkyl; dialkylaminvalkyl: alky-
loxy; alkykhio; halo; haloalkyl; —NH.; alkylamino;
dialkylaminy; amidine, —CO.H; —CQ.alkyl; —CN;
—C(O)NI.: —C(O)NH(alkyl); —C(O)N{alkyl).;
allyl; —S0.(alkyl); —S0.aryl —5(0)lkyl; —S{0)
aryl and —NIIC(O)alkyl,

R® is 1.2 3-thiadiazolyl, 1,3.4-thiadinzoyl., 1.23-iriazolyl,
L2 4-dazalyl, 1.24-0xadiazolyl, 1.J4-oxadiazolyl,
isoxazulyl, isathiazolyl, 1.23.4-oxarrizgalyl, 12.35-
uxatriazolyl, or tetrazolyl, any of which R., groups is
aptionally subdlituied with a memher of the group
consisting of C,_, alkvl, halo, C,_-alkoxy,

with a pnwisu that when the azabicyclo[2.2.1]heptan:
ring wystem is further substituted at the |- or 4-position
by a muthyl substituent, the term (R*) may represcat
pyricyl, thivnyl, furyl and imidazolyl rings optionally
substiluted hy halogen, O11, metbhoxy or methyl:

with a lurther proviso that il the azabicyclaf2 2.11heplane
rimg s furtber substitated at the 5 and 6 positions by
CFaand at the M position by sulfonyl aryL, then the lerm
(R™) may represent pyridyl, thienyl, fury] or imidazolyl
rinys optionally substituted by halogen, hydroxy, meth-
oxy or methyithio substituents;

R? iﬁ h}'dl‘l.lg,l.'ll. _-CI l:. —Cl‘l:C";. —C":('“:Cl-
ewlopropyl, —CH.CH.OH, —CHmaCH,, —N(CHy,

BNSOOCIDr <UB_ _S81Ta7T8A L >
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a Cy., alkyl, C,, substituted with one or more
halwaens, cycloalkylmethyl, ailyl, hydroxy-C, .alkyl,
di{C,_.alkyllamino, di{C,_,alkyl)}aminu-C, .alkyl,
C,palkoxy-C, .alkyl, C, salkylthio-C, ,alkyl, meth-
oxy aryl, —CH.CHAC H,); wherein W i alkyl. halo,
aryl, —OH, alkyloxy, —St, alkyhihio, —SO(alkyl),
—50.alkyl, —DCH,CH==CH., —OCH_{C H,), CF,.
—CN, alkyleoedioxy, —CO.H, —CO.alkyl,
—0OCH.CH.OH, —NO., —NH., —NH(alkyl),
—N{alkyl).,, —NHC(O)alkyl, —SO.CF,, and
—NHCH.eryL; or endo or exo stereoisomers thercol,
optical somers or racemates thereol, or & pharmaceu-
ticaly acceptable salt thereof.

2. ‘The compound acvording to claim 1, wherein R®, R?
ami R* are independently hydrogen, —CH,, —CH.OH,
—CH.OCH,, —CH.SCH,, —CH.NH., —CH.NH(CH,),
CH.N(CHl,)., —OCH,, —SCH,, Cl, F. CF,, NMH,,
—N({CH,).. —NIICH,

n o
il

|
—N—C-alky)

—C0.H, —C0.CH,, —C({O)CH,, —CN, —(XO)NH.,
—C(OIN(CHy)ay —S0.(CHs).

3. The compouod of claim 1, wherein R” is selecied from
the group consisting ol methyl, allyl, cyclopropylmethyl,
cyclebutvimethyl, phencthyl, hydroxyetbyl, methoxyethyl,
meihylthioethyl, dimethylaminopropyl, and
{4-methuxyhenxyl),

4. A method for treating & disorder in 2 mammal wherein
an increase or decrease in cholinergic function, comprising
administering an ¢ffective amount of 1he compound of claim
1

5. The method of claim 4, wherein the compound is
adminisiered in an amount ranging beiween 0.002 and 10
mg/kg per day.

6. The method of claim 4, wherein the compound is
administered in an amount ranging between 0.02 and 02
mg/kg per day.

7. The method of claim 4, wherein e compound is
applied topically in a dosage ranging between 0.001% and
0566 wa,wt in a carrier suitable for wopical administration.

8. The method of claim 4, wherein 1h: compound is
adminisiercd hy iniravenous injection.

9. The method of claim 4, wherein the compound is
admininiered orally.

10. The method of claim 4, whercin the compound is
adminisivred topically.

11, The muthod of clim 4, wherein the mammal is a
human.

12. A method for the treaiment of an inflammaiory con-
dition in 2 mammal, cumprising adminixtering o 2 mammal
an cffective amount of the compound of claim L.

13. A pharmaceutical composition comprising an cfective
amount to ireal 2 disease wherein an increase or decrease in
cholinergic activity in a mammat of the compound of claim
1 or jts pharmaceutically acceptable salt, in 2 pharmaceuti-
cally aceeplable carrier ar dilueni.

14. The methad of claim 13, wherein the mammal is a
human.

15. An 7-azabicvelo[2.2.1Theplane compound of the for-
mula:
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17. The method of cluim 4, wherein said disorder involves
Ly inbibition or stimulation of the nivotinic cholinergic recep-
tot.

)\ 18. The mwthod of claim L1, whercin the compound is
N cHh 5 administered in an amount ranging between 0.002 and 10
mg/kg per day.

19. A method for imparting analgesia in 2 mammal,
wherein R is Fi or CH,. comprising adminisiering o 2 mammal an efective amount
16. ‘The method of claim 4, wherein said disorder involves 10 of the compound of claim 1.

inhibition or stimulation of the muscarinic cholinergic

receplorn. LN I B T
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Composés de formule générale (T) dans laquelic 1'un des symboles X, Y ¢t Z représentc un atome d'szote, un autre représente un groupe
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et R représentent chacun, indépendamment 1'un de |'sutre, un stome d'hydrogine ou d’haloghne ou un groupe mrifluorométhyle, cyano,
hydroxy, (Ci-Ce)alkyle, (Ci—Ce)alcoxy, ou phényle éventuellement substituf. Application thérapeutique.
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Dérivés de 1,4-diazabicyclo[3.2.2]nonane, leur préparation
et leur application en thérapeutique.

Les composés de la présente invention répondent a la

formule générale (I)
R,
Rl
Y
L N3 x//

=N

dans laquelle 3
1’un des symboles X, Y et Z représente un atome d’azote, un
autre représente un groupe de formule C-R; et le troisiéme
représente un atome d’azote ou un groupe de formule C-R,,
R; et R, représentent chacun, indépendamment 1’un de
1’autre, un atome d’hydrogéne ou d’halogéne ou un
groupe trifluorométhyle, cyano, hydroxy, (C,-Cg)lalkyle
ou (C,~C¢)alcoxy,
R; et R; représentent chacun, indépendamment l1l’un de
1’/autre, un atome d’hydrogéne ou d’halogéne ou un groupe
trifluorométhyle, cyano, hydroxy, (C,-C¢lalkyle, (C,-Cg)al-~
coxy, ou phényle éventuellement substitué par un atome
d’ halogéne, par un ou deux groupes trifluorométhyle, par un
groupe cyano, par un groupe nitro, par un groupe hydroxy,
par un groupe (C,-Cq)alkyle, par un groupe (C,-Cgs)alcoxy, par
un groupe acétyle, par un groupe méthylénedioxy, par un
groupe trifluorométhoxy, par un groupe méthylthio ou par un
groupe phényle.

Les composés de 1’invention peuvent exister a l’état de
bases ou de sels d’addition & des acides.

Les composés préférés sont ceux dans la formule desquels
1'hétérocycle contenant X, Y et 2 est un groupe pyridin-
3-yle ou pyridazin-3-yle.

Conformément 4 1l’invention, et selon le schéma qui suit, on
peut préparer les composés de formule générale (I) en
faisant réagir le 1,4-diazabicyclo[3.2.2]nonane, de formule
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(II), avec un composé hétérocyclique de formule générale
{II1), dans laquelle X, Y, Z, R, et R, sont tels que définis
ci~dessus et W représente un atome d’halogéne.

On peut ainsi effectuer un couplage de Buchwald (J. Org.
Chem. (1997) 62 6066-6068) en présence d’un catalyseur au

R, Rz
R R,
Lo v Y Y
N + — |
py A
W X
[ —
(I1) (III) (I)

palladium tel que 1l’acétate de palladium, le tris(dibenzyl-
idéneacétone)dipalladium(0), etc, d’un ligand de complexa-
tion tel que la triphénylphosphine, la tributylphosphine ou
le 2,2'-bis(diphénylphosphino)-1,1'-binaphtyle, et d‘une
base, par exemple organique telle gque le t-butoxyde de
sodium, ou minérale telle que le carbonate de césium.

Lorsgque X ou Z représente un atome d’azote on peut aussi
effectuer une réaction de substitution nucléophile en
présence d’une base forte telle que le carbonate de césium
ou la triéthylamine.

Le 1,4-diazabicyclo[3.2.2]nonane est décrit dans J. Med.
Chem. (1993) 36 2311-2320.

Pour certains composés , les substituents R, et/ou R, ne
sont pas présents dans le composé de départ de formule
générale (III) ; selon leur nature, ces sub. -tuents
peuvent étre introduits sur le composé fina e formule
générale (I). Ainsi, par exemple des compose de formule
générale (I) dans lesquelles R, et/ou R, représentent des
groupements aryles peuvent &tre préparés A& partir des
composés correspondants, dans la formule desquels R, et/ou
R, représentent des atomes de brome ou d’iode selon toutes
méthodes connues, telles qu’un couplage Suzuki en présence
d’un acide boronique et d’un catalyseur au palladium, par

BNSDOCID «WO_ 0034278AY 1 >
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exemple le tétrakistriphénylphosphine palladium.

Les composés de formule générale (III) sont disponibles
dans le commerce ou sont accessibles par des méthodes
décrites dans la littérature.

Les exemples qui vont suivre illustrent la préparation de
quelques composés de l'invention. Les microanalyses élémen-
taires, et les spectres I.R. et R.M.N. confirment les
structures des composés obtenus.

Les numéros indiqués entre parentheéses dans les titres des
exemples correspondent a ceux de la lére colonne du tableau
1 donné plus loin.

Dans les noms des composés, le tiret "-" fait partie du
mot, et le tiret "_" ne sert que pour la coupure en fin de
ligne ; il est A supprimer en l'absence de coupure, et ne
doit étre remplacé ni par un tiret normal ni par un espace.

Exemple 1 (Composé N°1).
Bromhydrate de 4-pyridin-3-yl-1,4-diazabicyclo[3.2.2]nonane
(2:1).

Dans un ballon tricol de 100 ml on place 1,0 g (7,92
mmoles) de 1,4-diazabicyclo[3.2.2]lnonane, 5,0 g (31,7
mmoles) de 3-bromopyridine, 88,9 mg (0,396 mmole) d’acétate
de palladium(II), 247 mg (0,396 mmole) de 2,2'-bis(diphé_
nylphosphino)-1,1'-binaphtyle et 3,61 g (11,1 mmoles) de
carbonate de césium en suspension dans 50 ml de tétrahydro_
furane, et on chauffe le mélange au reflux pendant 72 h.

On le laisse refroidir, on le filtre, on évapore le filtrat
sous pression réduite et on purifie le résidu par chromato-
graphie sur colonne de gel de silice en éluant avec un
mélange 95/5/0,5 de chloroforme, méthanol et ammoniaque.

On obtient 0,83 g d’une huile orangée qu’on met en suspen-
sion dans 15 ml d’éthanol et on ajoute 1,45 ml d’une
solution d’acide bromhydrique & 37% dans 1l’acide acétique.
On isole finalement 1,02 g de dibromhydrate.

Point de fusion : 295-305°C.

BNSDOCID: «WO__0034278A1 1>
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Exemple 2 (Composé N°6).
Bromhydrate de 4-(6-chloropyridazin-3-yl)-1,4-diazabicyclo_
[3.2.2]nonane (2:1).

Dans un ballon tricol de 50 ml on introduit 0,88 g (7,0
mmoles) de 1,4-diazabicyclo[3.2.2]nonane et 0,52 g (3,5
mmoles) de 3,6-dichloropyridazine dans 25 ml de toluéne, et
on chauffe la solution au reflux pendant 24 h.

On évapore le solvant sous pression réduite, on reprend le
résidu avec un mélange 90/10 de dichlorométhane et de
méthanol contenant quelgues gouttes d’ammoniaque, et on
élue la solution sur gel de silice avec le méme mélange de
solvants.

On obtient 0,58 g de composé sous forme de base, qu’on
transforme en dibromhydrate par addition d’'une solution
d’acide bromhydrique a 37% dans l’acide acétique.

Aprés recristallisation dans un mélange 50/50 de propan-2-
ol et de méthanol on isole finalement 0,7 g de
dibromhydrate.

Point de fusion : 291-293°C.

Exemple 3 (Composé N°8).
Bromhydrate de 4-(6-phénylpyridin-3-yl)-1,4-diazabicyclo_
[3.2.2 ]ncnane (2:1).

3.1. 3-Bromo-6-phénylpyridine.

Dans un ballon tricol de 250 ml on introduit 10 g (42,2
mmoles) de 2,5-dibromopyridine, 5,2 g (42,2 mmoles) d’acide
phénylboronique et 30 ml de benzéne, on ajoute 1,5 g (1,3
mmole) de tétrakis(triphénylphosphinoc)palladium, 30 ml de
benzéne et 30 ml d’une solution aqueuse de carbonate de
sodium & 2M et 1,4 ml d’éthanol et on chauffe le mélange a
reflux pendant 17 h.

On refroidit le milieu réactionnel, on le filtre, on
décante la phase organique, on évapore le solvant sous
pression réduite et on purifie le résidu par chromatogra-
phie sur gel de silice en éluant avec un mélange 70/30

d’ heptane et de dichlorométhane.

On obtient 8,6 g de produit brut que l’on recristallise

ENSDOCID <WO__Om34378AY | >
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dans 7 ml d’éthanol. On obtient ainsi 5,6 g de produit pur
sous forme de solide blanc.
Point de fusion : 69-72°C.

3.2 Bromhydrate de 4-{é-phénylpyridin-3-yl)-1, 4-diazabi_
cyclo[3.2.2 ]lnonane (2:1).

Pans un ballon tricol on charge, sous atmosphére d’'azote,
0,631 g (5 mmoles) de 1l,4-diazabicyclo[3.2.2 ]Jnonane, 1,4 g
(6 mmoles) de 3-bromo-6-phénylpyridine, 2,28 g (7 mmoles)
de carbonate de césium, 45 mg (0,2 mmole} d’acétate de
palladium{XI) et 125 mg (0,2 mmole) de 2,2'-bis (diphényl_
phosphino) -1, 1'-binaphtyle en suspension dans 40 ml de
tétrahydrofurane, et on porte le mélange a reflux pendant
48 h.

On refroidit le milieu réactionnel, on le filtre et on
évapore le solvant sous pression réduite. On purifie le
résidu obtenu par chromatographie sur gel de silice en
éluant avec un mélange 96/4/0,4 de chloroforme, méthanol et
ammoniaque. On obtient 0,47 g de prodult brut que 1l’on
reprend dans de l‘éther. On é&limine un insoluble par
filtration et on concentre le filtrat sous pression réduite
pour obtenir 0,42 g de produit.

On le met en suspension dans 10 ml d’éthanol et on traite
la solution obtenue avec 0,6 ml d’une solution d’acide
bromhydrique dans l'acide acétique a 5M. Aprés 1 h on
recueille le précipité, on le rince a l’éthanol, puis A
1’éther. On obtient ainsi 0,519 g de produit sous forme de
solide blanc. )

Point de fusion : 290-297 °C.

Exemple 4 (Composé N°9).
Bromhydrate de 4-~(5-bromopyridin-3-yl)-1,4-diazabicyclo_
{(3.2.2 Inonane (2:1).

Dans un ballon tricol de 250 ml, on ajoute 34 une suspension
de 71 mg (0,32 mmole) d’'acétate de palladium{II), 3,6 g
(11,09 mmoles) de carbonate de césium et 0,197 mg (0,32
mmole) de 2,2'-bis(diphénylphosphino)-1,1'-binaphtyle dans
45 ml de tétrahydrofurane, une solution contenant 1,0 g

BNSDOCID- «<WO__O034270A1 1>
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(7,92 mmoles) de 1,4-diazabicyclo[3.2.2 ]nonane et 2,82 g
(11,89 mmoles)de 3,5-dibromopyridine dans 20 ml de
tétrahydrofurane. On chauffe le milieu réactionnel pendant
22 h,

On refroidit la suspension et on dilve avec 65 ml de
chloroforme. On élimine un précipité par filtration et on
concentre le filtrat sous pression réduite pour cbtenir

4,4 g de solide brun foncé. On purifie le produit par
chromatographie sur gel de silice en éluant avec un mélange
95/5/0,5 de chloroforme, méthanol et ammoniaque. On obtient
1,25 g de produit pur que l’on dissout dans 10 ml d’éthanocl
et traite avec 1,6 ml d'une solution d’acide bromhydrique
dans 1’acide acétique 4 5,7 M 4 0°C. On obtient 1,79 g de
produit que 1l’on recristallise dans 20 ml d’un mélange
86/14 d’éthanol/eau. On obtient ainsi 1,14 g de produit
sous forme de solide jaune pale.

Point de fusion : 266-~276 °C.

Exemple 5 (Composé N°10).
4-(5-Phénylpyridin-3-yl)~1,4-diazabicyclo[3.2.2]nonane.

On introduit 0,87 g (3,1 mmoles) de 4-(5-bromopyridin-3-
yl)-1l,4-diazabicyclo[3.2.2 ]lnonane dans un ballon tricol de
50 ml, on ajoute 0,39 g (3,15 mmole) d’acide phénylboro_
nique, 0,11 g (0,095 mmole) de tétrakis{(triphénylphos_
phino)palladium, 3,3 ml d’une solution aqueuse de carbonate
de sodium a 2 M, 6,5 ml de benzéne et 0,15 ml d’éthanol, et
on chauffe 4 reflux pendant 16 h.

On refroidit le milieu réactionnel, on dilue avec 90 ml de
benzéne et on filtre. On sépare la phase organique et on
évapore le solvant sous pression réduite. On purifie le
résidu par chromatographie sur colonne de gel de silice en
éluant avec un mélange 95/5/0,5 de chloroforme, méthanol et
ammoniaque. On obtient 0,80 g d’une huile orange que l’on
fait cristalliser dans {4 ml d’éther de pétrole. On obtient
ainsi 0,617 g de produit sous forme de solide blanc cassé.
Point de fusion : 85-88 °C.

BNSDOCID: <WO__04ZTBAL ) >
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Exemple & (Composé N°7). év
4-(6~Chloropyrazin-2-yl)-1,4-diazabicyclo(3.2.2]nonane.

Dans un ballon tricol de 25 ml on introduit 0,30 g (2,0
mmoles) de 1,4-diazabicyclo{3.2.2]nonane, 0,30 g (2,0
mmoles) de 2, 6-dichloropyrazine, 3 ml d’une solution
aqueuse de soude a 50% et 64,4 mg (0,2 mmole) de bromure de
tétrabutylammonium dans 3 ml de toluéne et on chauffe le
milieu réactionnel & 60 °C pendant 4 h.

On ajoute 0,30 g (2,0 mmoles) de 2, 6-dichloropyrazine et
64,4 mg (0,2 mmole) de bromure de tétrabutylammonium et on
continue de chauffer pendant 18 h.

On sépare la phase organique, on ajoute de l’eau et on
extrait le mélange au chloroforme. On évapore le solvant
sous pression réduite et on purifie le résidu obtenu par
chromatographie sur colonne de gel de silice en é&luant avec
un mélange 95/5/0,5 de chloroforme, méthanol et ammoniaque
et on fait cristalliser le produit obtenu dans 1,5 ml

d’ éther diisopropylique.

On obtient 0,17 g de produit.

Point de fusion : 80°C.

Exemple 7 (Composé N°12).
Bromhydrate de 4-(6-phénylpyridazin-3-yl)-1,4-diazabicyclo_
[3.2.2]nonane (2:1).

Dans un ballon tricol de 25 ml on introduit 0,477 g (2,0
mmoles) de 4-({6-chloropyridazin-3-yl)-1,4-diazabicyclo_
[3.2.2]nonane, 0,293 g (2,4 mmoles) d’acide phénylboro_
nique, 69 mg (0,06 mmole) de tétrakis(triphénylphospino)_
palladium, 2 ml d’une solution agueuse de carbonate de
sodium 2M et 0,1 ml d’éthanol, et on chauffe le milieu
réactionnel a reflux pendant 17 h.

On décante la phase organique, on la lave & 1l’eau, on

1’ évapore sous pression réduite et on purifie le résidu par
chromatographie sur gel de silice en éluant avec un mélange
95/5/0,5 de chloroforme, méthanol et ammoniaque.

On obtient 0,49 g de produit sous forme d’huvile que 1l’on
reprend dans 5 ml d’éthanol et que 1l'on traite avec 0,7 ml
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d’une solution d’acide bromhydrique dans 1’acide acétique
S5M. On filtre le précipité, on le rince a l’éthanol puis A
1’ éther.
On obtient ainsi 0,551 g de de solide blanc.

5 Point de fusion : 295-298°C.

Le tableau qui suit illustre les structures chimiques et
les propriétés physiques de quelques composés de
1'invention.
10
Dans la colonne “R,", “3,4-OCH,0-C¢H;” désigne un groupe
3,4-méthylénedioxyphényle, ou 1, 3-benzodioxol-5-yle et
“4-CH;~C,H," désigne un groupe biphényl-4-yle.
Dans la colonne “Sel”, “-” désigne un composé a l’état de
15 base, “HBr” désigne un bromhydrate et “HCl” désigne un
chlorhydrate ; le rapport molaire acide:base est indiqué en
regard.
Dans la colonne “F (°C)”, “(d)” désigne un point de fusion
avec décomposition.

BNSDOCID- <WO_003427RA1 | »
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Les composés de l'invention ont fait l'obj<- d'essais qui
ont mis en évidence leurs propriétés thérapeutigues.

Ailnsi ils ont été étudiés quant a leur affinité vis-a-vis
des récepteurs nicotiniques contenant la sous-unité o8,
selon les méthodes décrites par Anderson et Arneric, Eur.
J. Pharmacol (1994) 253 261, et par Hall et coll., Brain
Res. (1993) 600 127.

On décapite des rats mdles Sprague Dawley de 150 & 200 g et
on préléve rapidement la totalité du cerveau, on
1'homogénéise dans 15 volumes d'une solution de sucrose a
0,32 M 4 4°C puis on le centrifuge a 1000 g pendant 10 min.
On élimine le culot, et on centrifuge le surnageant a

20000 g pendant 20 min & 4°C. On récupére le culot et on
l'homogénéise & 1l'aide d'un broyeur Polytron™ dans 15
volumes d'eau bidistillée & 4°C, puis on le centrifuge a
8000 g pendant 20 min. On élimine le culot et on centrifuge
le surnageant et la couche de peau ("buffy coat") a 40000 g
pendant 20 min, on récupére le culot, on le remet en
suspension dans 15 ml d'eau bidistillée a 4°C et on le
centrifuge encore une fois a 40000 g avant de le conserver
a -80°C.

Le jour de l'expérience on décongéle lentement le tissu et
on le met en suspension dans 3 volumes de tampon. On fait
incuber 150 pl de cette suspension membranaire a 4°C
pendant 120 min en présence de 100 pl de [*H]cytisine 1 nM
dans un volume final de 500 pl de tampon, en présence ou en
absence de composé a tester. On arré@te la réaction par
filtration sur des filtres Whatman GF/B™ préalablement .
traités avec de la polyéthyléneimine, on rince les filtres

avec deux fois 5 ml de tampon a4 4°C, et on mesure la
radioactivité rete..ue sur le filtre par scintigraphie

liquide.On détermine la liaison non spécifique en présence

de (-)-nicotine & 10 yM ; la liaison non spécifique

représente 75 a 85% de la liaison totale récupérée sur le
filtre. Pour chaque concentration de composé é&tudié on

détermine le pourcentage d'inhibition de la liaison

spécifique de [*Hlcytisine, puis on calcule la CI,,, concen-
tration de composé cui inhibe 50% de la liaison spécifique.

BNSOOCID: <WO__0034I7T8A1 | >
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Les CI,, des composés de l'invention les plus affins se
situent entre 0,001 et 0,013 uM.

Les composés de 1l’invention ont aussi été étudiés quant a
leur affinité vis-a-vis des récepteurs nicotiniques
contenant la sous-unité o7, selon les méthodes décrites par
Marks et Collins, J.Pharmacol.Exp.Ther., (1982) 22 564 et
Marks et al., Mol. Pharmacol. (1986) 30 427.

On décapite des rats males OFA de 150 a 200 g, on préléve
rapidement la totalité du cerveau, on l’homogénéise a
1’aide d’un broyeur Polytron™ dans 15 volumes d’une i
solution de sucrose a 0,32 M & 4°C, puis on le centrifuge &
1000 g pendant 10 min. On élimine le culot, et on
centrifuge le surnageant a 8000 g pendant 20 min & 4°C. On
récupére le culot et on l’homogénéise a l1l’aide d’un broyeur
Polytron™ dans 15 volumes d’eau bidistillée & 4°C, puis on
le centifuge a 8000 g pendant 20 min. On élimine le culot
et on centrifuge le surnageant et la couche de peau (“buffy
coat”) A 40000 g pendant 20 min. On récupére le culot, on
le remet en suspension avec 15 volumes d’eau bidistillée a
4°C et on le centrifuge encore une fois 3 40000 g pendant
20 min avant de le conserver a -80°C.

Le jour de l’expérience on décongéle lentement le tissu et
on le met en suspension dans 5 volumes de tampon. On
préincube 150 pl de cette suspension membranaire & 37°C
pendant 30 min, & l’obscurité&, en présence ou en absence du
composé a tester. Puis le membranes sont incubées pendant
60 min & 37°C, 4 l’cbscurité, en présence de 50 ul de
[3H}a-bungarotoxine 1 nM dans un volume final de 250 pl de
tampon HEPES 20 mM, polyéthyléneimine 0,05%. On arréte la
réaction par filtration sur des filtres Whatman GF/C™
préalablement traités pendant 3 heures avec de la
polyéthyléneimine & 0,5%. On rince les filtres avec deux
fois 5 ml de tampon a 4°C, et on mesure la radioactivité
retenue sur chaque filtre par scintigraphie liquide. On
détermine la liaison non spécifique en présence de o~
bungarotoxine a4 1 pM final ; la liaison non spécifique
représente environ 60% de la liaison totale récupérée sur
le filtre. Pour chaque concentration de composé étudié on

BNBDOCID «WO  OCMITRAL_I >
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détermine le pourcentage d’inhibition de la liaison spéci-
fique de {’H]a-bungarotoxine, puis on calcule la CIg,,
concentration de composé qui inhibe 50% de la liaison
spécifique.

Les CI,, des composés de l1l’'invention les plus affins se
situent entre 0,002 et 0,75 uM.

Les composés de l’invention ont également été étudiés quant
a leur affinité vis-a-vis des récepteurs nicotiniques
périphérique de type ganglionnaire selon la méthode décrite
par Houghtling et al., Mol. Pharmacol. (1995) 48 280-287.
La capacité d’un composé a déplacer la [’H]-epibatidine des
membranes de glandes surrénales de boeuf mesure son
affinité pour ce récepteur.

On décongéle des glandes surrénales de boeuf conservées i -
80°C, et on les homogénéise a 1’aide d’'un broyeur Polytron™
dans 20 volumes de tampon Tris~HCl 50 mM 4 pH 7,4 A 4°C,
puis on les centifuge & 35000 g pendant 10 min. On élimine
le surnageant et on remet le culot en suspension dans 30
volumes de tampon Tris-HCl 50 mM & 4°C et on réhomogénéise
avant de recentrifuger & 35000 g pendant 10 min. On reprend
le dernier culot dans 10 volumes de tampon Tris-HCl a 4°C.
On fait incuber 100 pl de membrane soit 10 mg de tissu
frais & 24°C pendant 3 h en présence de 50 pl de

[3H] -epibatidine 0,66 nM final dans un volume final de

250 pl de tampon, en présence ou en absence de composé A
tester. On arréte la réaction par dilution des échantillons
avec du tampon Tris-HCl 50 pM pH 7,4 & 4°C puis on filtre
sur de filtres Whatman GF/C™ préalablement traités pendant
3 heures avec de la polyéthyléneimine & 0,5%. On rince les
filtres 2 fois par 5 ml de tampon et on mesure la
radioactivité retenue sur le filtre par scintigraphie
liquide. On détermine la liaison non spécifique en présence
de (-)nicotine 2 mM final ; la liaison non spécifique
représente 30 & 40% de la liaison totale récupérée sur le
filtre. Pour chaque concentration de composé étudié on
détermine le pourcentage d’inhibition de la liaison
spécifique de [H]-epibatidine, puis on calcule la CI,,,
concentration de composé qui inhibe 50% de la liaison

BMSDOCID- <WO___0O34ZTRAL_ | >
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specifique.

Les CI,;, des composés de l’invention se situent entre 0,06

et 20 pM.

Les résultats des essais qui précédent montrent que
certains composés de l1l'’invention sont des ligands sélectifs
pour les sous-unités o,B;, o, ou o, du récepteur nicotinique

et que d’autres sont mixtes a,f; et oy, o8, et a;, ou o, et
03-

Enfin les composés de 1l’invention ont fait 1’objet d’essais
qui ont mis en évidence leurs propriétés analgésiques.
Ainsi ils ont été étudiés dans le modéle de la plaque
chauffante, selon la méthode de Eddy et Leimbach,

J. Pharmacol. Exp. Ther. (1953) 107 385-393 dans le but de
rechercher et quantifier un éventuel effet analgésique.

Des souris de 20 a 30 g sont soumis a8 un stimulus thermique
par contact des pattes avec une plaque maintenue a la
température constante de 57,5°C par un bain-marie
thermostaté. On mesure le temps de réaction a la douleur
qui se manifeste par un léchage de pattes ou un saut.
Ainsi, aprés le délai de prétraitement effectué par voie
sous—-cutanée ou orale (chaque lot étant constitué de huit
animaux pour un méme prétraitement), les souris sont
déposées individuellement sur la plaque et le temps de
réaction 4 la douleur est mesuré. L’animal est retiré de la
plaque immédiatement apreés la manifestation de la douleur.
Le temps maximum d’exposition au stimulus est de 30
secondes.

On exprime pour chaque lot le temps moyen de réaction
accompagné de l’erreur standard & la moyenne (e.s.m). Une
analyse de variance non paramétrique (Kruskal-Wallis), est
effectuée sur 1’ensemble du lot. Un test de Wilcoxon permet
la comparaison de chaque lot traité au lot témoin. Les
différences sont considérées comme statistiquement
significatives au seuil 5%.

Ce temps de réaction est significativement augmenté par les
analgésiques principalement a4 effets centraux.

Les composés de 1l’invention montrent une activité dans ce

BNSDOCID <WO__ OC3AZTBAL | >
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test aux doses comprises entre 0,3 et 30 mg/kg par voie
intrapéritonéale ou orale.

Les résultats des divers essais suggérent l'utilisation des
composés dans le traitement ou la prévention des désordres
liés 4 un dysfonctionnement des récepteurs nicotiniques,
notamment au niveau du systéme nerveux central ou du
systéme gastro-intestinal.

Au niveau du systéme nerveux centrél ces désordres com-
prennent les altérations cognitives, plus spécifiquement
mnésiques, mais également attentionnelles, liées & la
maladie d'Alzheimer, au vieillissement pathologique (Age
Agssociated Memory Impairment, AAMI), au syndrome
Parkinsonien, & la trisomie 21 (Down's syndrome), au
syndrome alcoolique de Korsakoff, aux démences vasculaires
{multi-infarct dementia, MID) et au déficit de
1'attention/hyperactivité (attention deficit/hyperactivity
disorder, ADHD).

Les composés de l'invention pourraient également &tre
utiles dans le traitement des troubles moteurs observés
dans la maladie de Parkinson ou d'autxes maladies neuroclo-
giques telles que la chorée de Huntington, le syndrome de
Tourette, la dyskinésie tardive et 1'hyperkinésie.

Les composés de l'invention peuvent également constituer un
traitement curatif ou symptomatique des accidents et
traumatismes craniens ou médullaires, des accidents
vasculaires cérébraux et des épisodes hypoxiques cérébraux,
ainsi que des autres maladies neurodégénératives aigués ou
chroniques.

Ils peuvent &tre utilisés dans les cas de pathologies psy-
chiatriques : schizophrénie, dépression, anxiété, attaques
de panique, comportements compulsifs et obsessionnels.

Ils peuvent prévenir les sympt&émes dus au sevrage au tabac,
a l'alcool, aux différentes substances induisant une
dépendance, telles que cocaine, LSD, cannabis, benzo-
diazépines.

Enfin ils peuvent &tre utiles pour le traitement de la
douleur aigué& et neuropathique.

BNSDCCID «<WQ__OISSI7TRALL »
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Au niveau du systéme gastro-intestinal les composés de (?*,’
l'invention pourraleht &tre utiles dans le traitement de la
maladie de Crohn, de la colite ulcéreuse, du syndrome du

colon irritable et de l'obésité.

A cet effet les composés de l'invention peuvent é&tre
présentés sous toutes formes de compositions appropriées &
l'administration entérale, parentérale ou transdermique,
telles que comprimés, dragées, gélules, capsules, suspen-—
10 sions ou solutions buvables ou injectables telles que
sirops ou ampoules, timbres transdermiques ("patch"), etc,
associés a des excipients convenables, et dosés pour
permettre une administration journalidre de 0,01 &
20 mg/kg.

BNSDOCID: <WO__003a7eAt |_» 'X?
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Revendications.

1. Composé répondant 4 la formule générale (I)

. R

[: N }F;Y

N-—\l
10 dans laquelle

1’un des symboles X, Y et Z représente un atome d’azote, un
autre représente un groupe de formule C-R; et le troisiéme
représente un atome d‘azote ou un groupe de formule C-R,,
Ry et R, représentent chacun, indépendamment 1’un de
15 1’ autre, un atome d’'hydrogéne ou d’halogéne ou un
groupe trifluorométhyle, cyano, hydroxy, (C,~Cg)alkyle
ou (C,-Cq)alcoxy,
R, et R, représentent chacun, indépendamment 1’un de
1’autre, un atome d’'hydrogéne ou d’halogéne ou un groupe
20 trifluorométhyle, cyano, hydroxy, (C,-C¢)alkyle, (C,-Cg)al-
coxy, ou phényle éventuellement substitué par un atome
d’halogéne, par un ou deux groupes trifluorométhyle, par un
groupe cyano, par un groupe nitro, par un groupe hydroxy,
par un groupe (C,-Cg)alkyle, par un groupe (C,-C¢)alcoxy, par
25 un groupe acétyle, par un groupe méthylénedioxy, par un
groupe trifluorométhoxy, par un groupe méthylthio ou par un
groupe phényle,
4 l’état de base ou de sel d’addition 3 un acide.

30 2. Composé selon la revendication 1, caractérisé en ce que
1'hétérocycle contenant X, Y et Z est un groupe pyridin-
3-yle.

3. Composé selon la revendication 1, caractérisé en ce que
35 1'hétérocycle contenant X, Y et Z est un groupe pyridazin-
3-yle.

4. Médicament caractérisé en ce qu'il consiste en un
composé selon la revendication 1.

ENBOCCID: «WO _0m42reA1_1_>
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5. Composition pharmaceutique caractérisée en ce gu'elle
contient un composé selon la revendication 1, associé a un
excipient.

BNSDOCID: «WO___0C34TTRA1_| >
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C-Rj et le tuisitme représente un atome d’azate ou un groupe de formule C-R4, R3 et R4 repréaentent chacun un stome d'hydrogine
ou d'halogine ou un groupe trifluorométhyle, cyano, hydrozy, alkyle ou aleoxy, R) et Ry représentent chacun un atome d'hydrogine ou
d"halogkne ou un grogpe trifluorométhyle, cyano, hydroxy, alkyle, alcoxy, ou phényle éventucllement substitué et R représente un atome
d’hydrogine ou un groupe alkyle. Application en thémpentique.
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Dérivés de 2,5-diazabicyclo[2.2.1]heptane, leur préparation
et leur application en thérapeutique.

Les composés de la présente invention répondent a la
formule générale (I)

R

\NI
N 2 R,
: \r/ ]: (1)
X
*Y RI
dans laquelle

1’un des symboles X, Y et 2 représente un atome d’azote, un
autre représente un groupe de formule C-R, et le troisiéme
représente un atome d’azote ou un groupe de formule C-R,,
R, et R, représentent chacun, indépendamment 1l’un de
1’autre, un atome d’hydrogéne ou d’halogéne ou un
groupe trifluorométhyle, cyano, hydroxy, (C,-C¢)alkyle
ou (C,-Cq)alcoxy,
R, et R, représentent chacun, indépendamment 1‘’un de
1’autre, un atome d’hydrogéne ou d’halogéne ou un groupe
trifluorométhyle, cyano, hydroxy, (C;,-Cg)alkyle, (C,-Cg)-
alcoxy, ou phényle éventuellement substitué par un ou deux
atomes d’halogénes, par un ou deux groupes trifluoro-
méthyle, par un groupe cyano, par un groupe nitro, par un
groupe hydroxy, par un groupe (C,-C¢)alkyle, par un ou deux
groupes (C,-C¢lalcoxy, par un groupe méthylénedioxy, par un
groupe acétyle, par un groupe trifluorométhoxy ou par un
groupe méthylthio,
R représente un atome d’hydrogéne ou un groupe
(C;~C¢)alkyle,
étant toutefois exclus les composés de formule générale (I)
dans laquelle X représente un groupe de formule CH, Y et Z
représentent chacun un atome d’azote, et R; ou R; ne
représente pas un groupe phényle éventuellement substitué.

Les composés ainsi exclus sont décrits dans le brevet
US-5.478.939 comme agonistes muscariniques.

BNSDOCID: <WQ__0os284A1_|_»
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by
SU

/z R, (Ia)
D

\N/
a_ R, (D)
LKL
Sy R,

Les composés de l’invention peuvent exister & 1’état de
bases ou de sels d’'addition & des acides. Ils peuvent aussi
exister sous forme d’'isomeres (S,S) ou (R,R).

Les composés préférés sont ceux dans la formule desquels
1'hétérocycle contenant X, Y et Z est un groupe pyridin-
3-yle ou pyridazin-3-yle.

BNSDOCID: «WOD___OGMMZB4A1_|_»
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Conformément & 1’invention, et selon le schéma qui préceéde,
on peut préparer les composés de formule générale (I) en
faisant réagir le 2,5-~diazabicyclo{2.2.1l]lheptane-2-carboxy-
late de 1,1-diméthyléthyle de formule (II}), avec un composé

5 hétérocyclique de formule générale (III), dans laquelle X,
Y, Z, R; et R, sont tels que définis ci-dessus et W repré-
sente un atome d’halogéne.
On peut ainsi effectuer un couplage de Buchwald (J. Org.
Chem. (1997) 62 6066-6068) en présence d’un catalyseur au

10 palladium tel que l’acétate de palladium, le tris(dibenzyl-
idéneacétone)dipalladium(0), etc, d’un ligand de complex-
ation tel que la triphénylphosphine, la tributylphosphine
ou le 2,2'-bis(diphénylphosphino)-1,1'-binaphtyle, et d’une
base, par exemple organique telle que le t-butoxyde de

15 sodium, ou minérale telle que le carbonate de césium.

Lorsque X ou Z représente un atome d’azote on peut égale-

ment effectuer un réaction de substitution nucléophile

classique en présence d’une base forte telle que le carbo-
20 nate de césium ou la triéthylamine.

On obtient un composé de formule générale (IV) dont on
peut, si on le désire, modifier les substituants R, ou R, ;
par exemple, lorsque R, ou R; représente un atome

25 d’'halogéne, on peut lui substituer un groupe alkyle ou
phényle par une réaction de Suzuki, au moyen d’acide
alkylboronique ou phénylboronique, en présence de
tétrakis (triphénylphosphino)palladium.

30 On déprotége ensuite le composé de formule générale (IV) de
maniére connue, par exemple au moyen d’acide trifluoroacé-
tique ou chlorhydrique, pour obtenir un composé de formule
générale (Ia), laguelle correspond a la formule générale
(I) lorsque R représente un atome d’hydrogéne.

35
On peut ensuite, si on le désire, effectuer une alkylation
de ce composé, soit par une amination réductrice
(formaldéhyde et cyanoborohydrure de sodium), soit par une
réaction de Eschweiler-Clarke (formaldéhyde et acide

BNSDOCID: <WO._00S4I8A1 | > %
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formique).

Le (1S)-diazabicyclo[2.2.l1l]heptane-2-carboxylate de
1,1-diméthyléthyle de formule (II) est décrit dans J. Org.
Chem. (1988) 53 15B0-1582 et le (1R)-diazabicyclo[2.2.1]-
heptane-2-carboxylate de 1,l1~diméthyléthyle de formule (II)
est décrit dans la demande de brevet EP-400661.

Les composés de formule générale (III) sont disponibles
dans le commerce ou sont accessibles par des méthodes
décrites dans la littérature.

Les exemples qul vont suivre illustrent la préparation de
quelques composés de l'invention. Les microanalyses élémen-
taires, et les spectres I.R. et R.M.N. confirment les
structures des composés obtenus.

Les numéros indiqués entre parenthéses dans les titres des
exemples correspcondent a ceux de la lére colonne du tableau
1 donné plus loin.

Dans les noms des composés, le tiret "-" fait partie du
mot, et le tiret "_" ne sert que pour la coupure en fin de
ligne ; il est & supprimer en l'absence de coupure, et ne
doit é&tre remplacé ni par un tiret normal ni par un espace.

Exemple 1 (Composé N°2).
Chlorhydrate de (1S)-2-(6-chloropyridin-3-yl)-2,5-diaza_
bicyclo[2.2.1]1heptane (2:1).

1.1. (1S8)-2-(6-chloropyridin-3-yl)-2,5-diazabicyclo_
[2.2.1]heptane-5-carboxylate de 1,1-diméthyléthyle et
(15)-2-(5-bromopyridin-2-yl) -2, 5-diazabicyclo(2.2.1]_
heptane-5-carboxylate de 1,l-diméthyléthyle.

Dans un ballon tricol de 500 ml on on introduit 4,96 g (25

mmoles) de (1S)-2,5-diazabicyclo{2.2.1]heptane-5-carboxy_

late de 1,1-diméthyléthyle, 5,0 g (26 mmoles) de S5-bromo-2-
chloropyridine et 11,4 g (35 mmoles) de carbonate de césium
en suspension dans 150 ml de tétrahydrofurane, on fait
barboter un courant d’azote pendant 15 min, on ajoute
224 mg (1,0 mmole) d’acétate de palladium(II) et 623 mg

BNSDCCI): <WOD___00342084A1 | >
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(1,0 mmole) de 2,2'-bis({diphénylphosphino)-1,1'~-binaphtyle

et on chauffe le mélange au reflux pendant 22 h.

On le filtre, on évapore le solvant et on purifie le résidu

par chromatographie sur colonne de gel de silice en éluant

avec un mélange 40/60 d'acétate d'éthyle et d’heptane.

On obtient 1,63 g de (1S)-2-(5-bromopyridin-2-yl)-~2,5-

diazabicyclo[2.2.1]heptane-5-carboxylate de 1,1-diméthyl_

éthyle,

Point de fusion : 181-182°C, [a]2= -229,4° (c=1, CH,ClL,),

et 3,65 g de (1S)-2-(6-chleoropyridin-3-yl)-2,5-diazabi_

cyclo[2.2.1]heptane-5~-carboxylate de 1,1-diméthyléthyle,

Point de fusion : 189°C, [a]2®= -224,5° (c=1, CH,Cl,).

1.2. Chlorhydrate de (1S)-2-(6-chloropyridin-3-yl)-2,5-
diazabicyclo[2.2.1]heptane (2:1).

Dans un ballon tricol de 500 ml on dissout 3,0 g (9,71

mmoles) de (15)-2-(6-chloropyridin-3-yl)-2,5-diazabicyclo_

[2.2.1]heptane-5-carboxylate de 1,1-diméthyléthyle dans

250 ml d'acétate d'éthyle et on fait barboter un courant

d’ acide chlorhydrique gazeux pendant 30 min.

On évapore le solvant sous pression réduite, on reprend le

résidu avec 25 ml d'acétate d'éthyle, on recueille le

solide par filtration et on le recristallise dans 25 ml

d’ éthanol.

On obtient 2,39 g de dichlorhydrate.

Point de fusion : 290-300°C, ([a]3’= -105,6°, (c=0,5, H,0).

Exemple 2 (Composé N°4)
(E)-But-2-énedioate de (1S8)-2-(6-chloropyridin-=3-yl)-5-
méthyl-2, 5~diazabicyclo[2.2.1]heptane (2:1).

Dans un ballon tricol de 100 ml on introduit 0,55 g (2,65
mmoles) de (1S5)-2-(6-chloropyridin-3-yl)-2,5-diazabicyclo_
[2.2.1]heptane en solution dans 20 ml d’éthanol, on
refroidit la solution a 0°C, on ajoute lentement 0,43 ml
{5,31 mmoles) d’'une solution aqueuse de formaldéhyde & 37%,
puis, par petites portions, 0,334 g (5,31 mmoles) de
cyanoborohydrure de sodium, tout en maintenant la tempéra-
ture proche de 0°C, et on maintient l’agitation pendant

BNSDOCID: «WO__DO34284A1 |.>
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30 min.
On dilue le mélange avec de 1l’eau, on l’extrait avec du
chloroforme, on évapore la phase organique sous pression
réduite et on purifie le résidu par chromatographie sur

5 colonne de gel de silice en é&luant avec un mélange 95/5/0,5
de dichlorométhane, méthanol et ammoniaque.
On obtient 0,290 g de composé sous forme de base.
On en dissout 0,258 g dans 20 ml d’éthancl, on traite la
solution avec 0,134 g d’acide fumarique, on évapore le

10 solvant sous pression réduite et on collecte le solide par
filtration.
On isole finalement 0,292 g de fumarate.
Point de fusion : 143,6°C, [a]3%= -94,5° (c=0,5, H,0).

15 Exemple 3 (Composé N°6).
Chlorhydrate de (1S)-2-(6-chloropyridazin-3-yl)-2,5-diaza_
bicyclo[2.2.1]lheptane (2:1).

3.1. (18)-2-(6-chloropyridazin-3-yl)-2,5-diazabicyclo_

20 [2.2.1]heptane-5-carboxylate de 1,1-diméthyléthyle.
Dans un ballon tricol de 100 ml on introduit 0,397 g (2,0
mmoles) de (15)-2,5~diazabicyclo[2.2.1]heptane-5-carboxy_
late de 1,1-diméthyléthyle, 0,328 g (2,2 mmoles) de
3,6-dichloropyridazine et 1,3 g (4 mmoles) de carbonate de

25 césium dans 30 ml de toluéne, et on chauffe le mélange au
reflux pendant 48 h.

On le filtre, on évapore le solvant sous pression réduite,
et on purifie le résidu par chromatographie sur colonne de
gel de silice en éluant avec un mélange 80/20 d'acétate

30 d'éthyle et d’heptane.

On obtient 0,3 g de composé.
Point de fusion : 198°C.

3.2. Chlorhydrate de (1S)-2-(6-chloropyridazin-3-yl)-2,5-
35 diazabicyclo[2.2.1]heptane ({2:1).

Dans un ballon tricol de 50 ml on introduit 0,25 g (0,933

mmole) de (1S)-2-(6-chloropyridazin-3-yl)-2,5-diazabicyclo_

[2.2.1]heptane-5-carboxylate de 1,1-diméthyléthyle et 20 ml

d'acétate d'éthyle, on fait barboter de 1’acide chlorhy-

BNESDOCID: <WO__0C42B4A1_1_»
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drique gazeux pendant 10 min, et on maintient 1’agitation

pendant 30 min.

On évapore le solvant sous pression réduite, on reprend le

résidu dans 5 ml d'acétate d'éthyle, on collecte le solide
5 par filtration, on le rince & 1l'acétate d'éthyle et on le

séche.

On obtient 0,155 g de chlorhydrate.

Point de fusion : 260-270°C, [«]2°= -99,5° (c=0,5, H,0).

10 Exemple 4 (Composé N®7).
(15)-2~(6-Phénylpyridazin-3-yl) -2, 5-diazabicyclo(2.2.1]_
heptane.

4.1. (185)-2-(6-Phénylpyridazin-3-yl)~2,5-diazabicyclo_

15 [2.2.1]heptane-5-carboxylate de 1,1-diméthyléthyle.
Dans un ballen tricol de 100 ml on introduit 1,0 g (5,0
mmoles) de (1S5)-2,5-diazabicyclo[2.2.]1]heptane-2-carboxy_
late de 1,1-diméthyléthyle, 1,14 g (6,0 mmoles) de 3-chlo_
ro-6-phénylpyridazine et 0,84 ml (6,0 mmocles) de triéthyl_

20 amine dans 45 ml de toluéne et on chauffe au reflux pendant
72 h.

On dilue le milieu réactionnel A 1l’eau, on sépare la phase
organique et on évapore le solvant sous pression réduite.
On purifie le résidu par chromatographie sur gel de silice

25 en éluant avec un mélange 90/10 de dichlorométhane et
d’acétone. On obtient ainsi 0,96g de produit que 1l’'on
triture dans de 1lféther diisopropylique pour iscler 0,92 g
de produit pur aprés séchage.

Point de fusion : 208-209°C.

30

4.2. (185)-2-(6-Phénylpyridazin-3-yl)-2,5~diazabicyclo_
{2.2.1]heptane.

Dans un ballon tricol de 100 ml on charge 0,9 g (2,55

mmoles) de (1S)-2-(6-phénylpyridazin-3-yi)-2,5-diazabi_

35 cyclol[2.2.1l]heptane-5-carboxylate de 1,l1-diméthyléthyle et
25 ml d’acétate d’éthyle, on fait barboter de 1l’acide
chlorhydrique gazeux pendant 10 min et on maintient
1’agitation pendant 30 min.

On évapore le solvant sous pression réduite, on reprend le

BNSOCCID; <WO__00M24A1 1> 5&
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résidu dans une solution aqueuse d’hydroxyde de potassium
et on extrait au chloroforme. On é&vapore la phase chloro-
formique et on triture le résidu obtenu dans de 1’é&ther
diisopropylique pour obtenir 0,59 g de produit pur.

Point de fusion : 162-163°C, ([«]3°= -187,8° (c=0,5 CHCl,).

Exemple 5 (Composé N°8).
(1S8)-2-(6-Phénylpyridazin-3-yl)-5-méthyl-2,5-diazabicyclo_
[2.2.1]heptane.

Dans un ballon tricol de 100 ml on introduit 0,439 g (1,74
mmole) de (15)-2-(6-phénylpyridazin-3-yl)-2,5-diazabicyclo_
{2.2.1]heptane en solution dans 15 ml d’é&thanocl et 0,21 ml
(3,48 mmoles) d’acide acétique. On ajoute 0,284 ml (3,48
mmoles) d’une solution de formaldéhyde aqueux, puis, par
fractions, 0,218 g (3,48 mmoles) de cyanoborhydrure de
sodium tout en maintenant la température autour de 5°C, et
on maintient l’agitation pendant 1 h.

On dilue le milieu réactionnel avec de l’eau, on ajoute de
la solution agqueuse d’hydroxyde de potassium et on extrait
au chloroforme. On évapore la phase organique sous pression
réduite et on purifie le résidu obtenu par chromatographie
sur colonne de gel de silice en éluant avec un mélange de
97/3/0,3 de chloroforme, méthanol et ammoniaque.

On obtient ainsi 0,430 g de produit que l’on triture dans
de 1l’éther diisopropylique & chaud pour isoler, apreés
séchage, 0,392 g de composé.

Point de fusion : 112,6-113°C, [a]?®= -185,3° {c=0,5, CHCl,)

Exemple & (Composé N°9).
(158) -2- (5-Phénylpyridin-3-yl)-2, 5-diazabicyclo[2.2.1]_
heptane.

6.1. (18)-2-(5-Bromopyridin-3-yl)-2,5-diazabicyclo[2.2.1]_
heptane-5-carboxylate de 1,1-diméthyléthyle.

Dans un ballon tricol de 250 ml on introduit 1,98 g (10

mmoles) de (15)-2,5-diazabicyclo[2.2.1]heptane-2-carboxy_

late de 1,1-diméthyléthyle, 7,1 g (30 mmoles) de 3,5-

dibromopyridine et 4,56 g (14 mmoles) de carbonate de

BNADOCID <WO _ 003428441 | >
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césium en suspension dans 100 ml de tétrahydrofurane, on
fait barboter un courant d’azote pendant 15 min, on ajoute
90 mg (0,4 mmole) de diacétate de palladium et 249 mg (0,4
mmole) de 2,2'-bis(diphénylphosphino)-1,1'-binapthyle et on
5 chauffe le mélange réactionnel au reflux pendant 22 h.

On filtre le milieu réactionnel et on concentre le filtrat
sous pression réduite. On purifie le résidu obtenu par
chromatographie sur gel de silice en éluant avec un mélange
40/60 d’acétate d’éthyle et d’'heptane.

10 On obtient ainsi 2,99 g de- (15)~2-(5-bromopyridin-3-yl)-
2, 5~diazabicyclo[2.2.1)heptane-5-carboxylate de 1,1-
diméthyléthyle.
Point de fusion : 149°C, [al]3’= -196,5° (c=0,5,CH,CL,).

15 6-.2. (15)~2-(5-Phénylpyridin-3-yl}-2,5-diazabicyclo_
[2.2.1)heptane-5-carboxylate de 1,1-diméthyléthyle.
Dans un ballon tricol de 25 ml on introduit, sous argon,
8 ml de benzéne, 147 mg (0,127 mmole) de tétrakis{tri_
phénylphosphino)palladium et 1,5 g (4,23 mmoles) de (1S)-2-

20 (5-bromopyridin-3-yl)-2,5-diazabicyclo[2.2.1l]lheptane-5-
carboxylate de 1,1-diméthyléthyle, on ajoute 4 ml d’une
solution aqueuse de carbonate de sodium 2 M, 0,568 g (4,66
mmoles) d’acide phénylboronique et 0,2 ml d’éthanol et on
chauffe 4 reflux pendant 3h.

25 On décante le milieu réactionnel et on chromatographie la
phase organique sur gel de silice en éluant avec un mélange
75/25 puis 90/10 4’acétate d’éthyle et d’heptane.

On obtient 1,55 g de composé que l’on triture dans de
1’éther diisopropylique a2 chaud pour isoler 1,36 g de

30 produit.

Point de fusion : 163,5-164°C, [al3%= -194,9° (c=0,5,CH,Cl,)

6.3. (18)-2-(5-Phénylpyridin-3-yl)-2,5-diazabicyclo_
[2.2.1]1heptane.

35 Dans un ballon tricol de 100 ml on introduit 1,30 g (3,7
mmoles) de (1S5)-2-({5-phénylpyridin-3-yl)-2,5~-diazabicyclo_
{2,2.1]heptane-5-carboxylate de 1,1-diméthyléthyle dissous
dans 40 ml d’acétate d’éthyle, on fait barboter de 1’acide
chlorhydrique gazeux pendant 30 min, puis on évapore le

BNSDOCID: <WO__Q034284A1_|_»
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solvant.

On alcalinise le milieu réactionnel a 1’ammoniaque et on
extrait au chloroforme. On évapore le solvant et on triture
le résidu dans de 1l’éther diéthylique.

On obtient ainsi 0,438 g de composé pur.

Point de fusion : 116-117°C, [a}#®= -134,9 (c=0,5,CH,Cl,).

Exemple 7 (Composé N°15).
(15)-2- (6-Phénylpyridin-3-yl)-2,5-diazabicyclo[2.2.1]_
heptane.

7.1. 3-Bromo-6-phénylpyridine.

Dans un ballon tricol de 250 ml on introduit 10 g (42,2
mmoles} de 2,5~dibromopyridine, 5,2 g (42,2 mmoles) d’acide
phénylboronique et 30 ml de benzéne, on ajoute 1,5 g (1,3
mmole) de tétrakis(triphémnylphosphino)palladium, 30 ml de
benzéne et 30 ml d’une solution aqueuse de carbonate de
sodium 2M et 1,4 ml d’éthanocl et on chauffe le mélange a
reflux pendant 17 h.

On refroidit le milieu réactionnel, on le filtre, on
décante la phase organique, on évapore le solvant sous
pression réduite et on purifie le résidu par
chromatographie sur gel de silice en éluant avec un mélange
70/30 d’heptane et de dichlorométhane.

On obtient 8,6 g de produit brut que 1l’on recristallise
dans 7 ml d’éthanol. On obtient ainsi 5,6 g de produit pur
sous forme de solide blanc.

Point de fusion : 69-72°C.

7.2. (18)-2-({6-Phénylpyridin-3-yl)-2,5-diazabicyclo_

[2.2.1]heptane-5-carboxylate de 1,l1-diméthyléthyle.
Dans un ballon tricol de 100 ml on introduit, sous azote,
40 ml de tétrahydrofurane, 1,59 g (8,0 mmoles) de (1S)-2,5-
diazabicyclo[2.2.1)heptane-2-carboxylate de 1,1-diméthyl_
éthyle, 2,25 g (9,6 mmoles) de 3-bromo-6-phénylpyridine,
3,65 g (11,2 mmoles) de carbonate de césium, 72 mg de
bisacétate de palladium, et 0,20 g (0,32 mmole) de 2,2'~
bis (diphénylphosphino}~1,1'-binapthyle et on chauffe le
mélange a reflux pendant 18h.

BNSDOCID: «<WO___0M4284A1 ) >
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On le filtre, on évapore le solvant sous pression réduite

et on purifie le résidu par chromatographie sur gel de

silice en éluant avec un mélange 40/60 d’acétate d’'éthyle

et d’'heptane pour obtenir 2,9 g de produit brut que 1l’on
5 triture dans de l’éther diisopropylique.

On obtient ainsi 2,4qg de produit pur.

Point de fusion : 147,5°C, [a]2®= -251,3 (c=0,5,CH,Cl,).

7.3. (18)-2-(6~Phénylpyridin-3-yl)-2,5-diazabicyclo_
10 [2.2.1]heptane. :
Dans un ballon tricol de 250 ml on introduit 2,3 q (6,8
mmoles) de (18)-2-(6~phénylpyridin-3-yl)-2,5-diazabi_
cyclo[2.2.1]heptane-5-carboxylate de 1,1-diméthyléthyle en
solution dans 100 ml d’acétate d’éthyle et on fait barboter
15 de l'acide chlorhydrique gazeux pendant 30 min.
On évapore le solvant sous pression réduite et on triture
le résidu dans de l’éther. On alcalinise le résidu par
1l’addition d’une solution aqueuse d’hydroxyde de sodium et
on extrait au chloroforme. On évapore le solvant sous
20 pression réduite pour obtenir 1,7 g de solide que 1l’on
triture dans de l’éther diisopropyligue. On obtient ainsi
1,52 g de produit sous forme de solide blanc.
Point de fusion : 121,5-122°C, [al?®= -178,7° (c=0,5,CH,Cl,)

25

Le tableau qui suit illustre les structures chimiques et les
propriétés physiques de quelques composés de 1l'invention.
Dans la colonne “Sel”, “-” désigne un composé a 1l’état de
base, HBr désigne un bromhydrate, “HCl” désigne un

30 chlorhydrate, “Hbr désigne un bromhydrate”, “fum” désigne un
fumarate, ou (E)-But-~2-énedioate, “ox” désigne un oxalate, ou
éthanedicate et “TFA” désigne un trifluoroacétate.
* Dans la derniére colonne, les pouvoirs rotatoires des
composés sous forme de sels sont donnés pour (c=0,5, H,0),

35 les pouvoirs rotatoires des composés 3, 7, 8, 9, et 11 sont
donnés pour {c=0,5, CHCl,), les pouvoirs rotatoires des
composés 15 et 16 sont donnés pour (c=0,5, CH.Cl,} et les

pouvoirs rotatoires des composés 18 & 36 sont donnés pour
(c=0' 5' CH;’OH) -

BNSDOCID: «WO_0C3I4BeA1_|_»
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Les composés de l'invention ont fait l'objet d'essais qui
ont mis en évidence leurs propriétés thérapeutiques.

Ainsi ils ont été étudiés quant A leur affinité vis-a-vis
5 des récepteurs nicotiniques contenant la sous-unité «,f3,

selon les méthodes décrites par Anderson et Arneric, Eur.
J. Pharmacol (1994) 253 261, et par Hall et coll., Brain
Res. (1993) 600 127.
On décapite des rats mdles Sprague Dawley de 150 & 200 g et

10 on préléve rapidement la totalité du cerveau, on
l1'homogénéise dans 15 volumes d'une solution de sucrose a
0,32 M & 4°C puis on le centrifuge a 1000 g pendant 10 min.
On élimine le culot, et on centrifuge le surnageant &
20000 g pendant 20 min A 4°C. On récupére le culot et on

15 l'homogénéise & l'aide d'un broyeur Polytron™ dans 15
volumes d'eau bidistillée & 4°C, puis on le centrifuge a
8000 g pendant 20 min. On élimine le culot et on centrifuge
le surnageant et la couche de peau ("buffy coat") & 40000 g
pendant 20 min, on récupére le culot, on le remet en

20 suspension dans 15 ml d'eau bidistillée 4 4°C et on le
centrifuge encore une fois a 40000 g avant de le conserver
a -80°c.
Le jour de l'expérience on décongéle lentement le tissu et
on le met en suspension dans 3 volumes de tampon. On fait

25 incuber 150 pl de cette suspension membranaire a 4°C
pendant 120 min en présence de 100 pl de [*H]cytisine 1 nM
dans un volume final de 500 pl de tampon, en présence ou en
absence de composé a4 tester. On arréte la réaction par
filtration sur des filtres Whatman GF/B™ préalablement

30 traités avec de la polyéthyléneimine, on rince les filtres
avec deux fois 5 ml de tampon 4 4°C, et on mesure la
radioactivité retenue sur le filtre par scintigraphie
liquide.On détermine la liaison non spécifique en présence
de (-)-nicotine a 10 pM ; la liaison non spécifique

35 représente 75 a4 85% de la liaison totale récupérée sur le
filtre. Pour chaque concentration de composé étudié on
détermine le pourcentage d'inhibition de la liaison
spécifique de {’H]cytisine, puis on calcule la CI,,, concen-
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tration de composé qui inhibe 50% de la liaison spécifique.
Les CI,, des composés de l'invention les plus affins se
situent entre 0,001 et 0,25 uM.

Les composés de l‘’invention ont aussi été étudiés quant a
leur affinité vis-a-vis des récepteurs nicotiniques
contenant la sous-unité a7, selon les méthodes décrites par
Marks et Collins, J.Pharmacol.Exp.Ther. (1982) 22 554 et
Marks et al., Mol. Pharmacol. (1986) 30 427.

On décapite des rats mdles OFA de 150 a 200 g, on préléve
rapidement la totalité du cerveau, on l’homogénéise A
1’aide d’un broyeur Polytron™ dans 15 volumes d’une
solution de sucrose a 0,32 M 4 4°C, puis on le centrifuge a
1000 g pendant 10 min. On élimine le culot, et on
centrifuge le surnageant A 8000 g pendant 20 min & 4°C. On
récupére le culot et on l’homogénéise & 1l’aide d’un broyeur
Polytron™ dans 15 volumes d’eau bidistillée & 4°C, puis on
le centifuge a4 8000 g pendant 20 min. On élimine le culot
et on centrifuge le surnageant et la couche de peau (“buffy
coat”) a 40000 g pendant 20 min. On récupére le culot, on
le remet en suspension avec 15 volumes d’eau bidistillée a
4°C et on le centrifuge encore une fois a 40000 g pendant
20 min avant de le conserver 3 -80°C.

Le jour de l’'expérience on décongéle lentement le tissu et
on le met en suspension dans 5 volumes de tampon. On
préincube 150 pl de cette suspension membranaire & 37°C
pendant 30 min, 3 1l’obscurité, en présence ou en absence du
composé 4 tester. Puis le membranes sont incubées pendant
60 min & 37°C, & l’obscurité, en présence de 50 pul de
{*H]a-bungarotoxine 1 nM dans un volume final de 250 pl de
tampon HEPES 20 mM & 0,05% de polyéthyléneimine. On arréte
la réaction par filtration sur des filtres Whatman GF/C™
préalablement traités pendant 3 heures avec de la
polyéthyléneimine a4 0,5%. On rince les filtres avec deux
fois 5 ml de tampon A4 4°C, et on mesure la radioactivité
retenue sur chaque filtre par scintigraphie liquide. Orr
détermine la liaison non spécifique en présence de a-
bungarotoxine a 1 pM final ; la liaison non spécifique

BNEDOCID: «<WO_O034284A1 1_>
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représente environ 60% de la liaison totale récupérée sur
le filtre. Pour chaque concentration de composé étudié on
détermine le pourcentage d’inhibition de la liaison
spécifique de [*H)}a-bungarotoxine, puis on calcule la CI,,
5 concentration de composé qui inhibe 50% de la liaison
spécifique.
Les CI,, des composés de l'invention les plus affins se
situent entre 0,005 et 0,6 pM.

10 Les composés de l/invention ont également été étudiés quant
a leur affinité vis-a-vis des récepteurs nicotiniques
périphérique de type ganglionnaire selon la méthode décrite
par Houghtling et al., Mol. Pharmacol. (1995) 48 280-287.
La capacité d’un composé i déplacer la [3H]-epibatidine des

15 membranes de glandes surrénales de boeuf mesure son
affinité pour ce récepteur.

On décongéle des glandes surrénales de boeuf conservées a -
80°C, et on les homogénéise & 1’aide d’un broyeur Polytron™
dans 20 volumes de tampon Tris~HCl 50 mM & pH 7,4 & 4°C,

20 puis on les centifuge a 35000 g pendant 10 min. On élimine
le surnageant et on remet le culot en suspension dans 30
volumes de tampon Tris~HCl 50 mM A 4°C et on réhomogénéise
avant de recentrifuger a 35000 g pendant 10 min. On reprend
le dernier culot dans 10 volumes de tampon Tris-HCl & 4°C.

25 On fait incuber 100 pl de membrane soit 10 mg de tissu
frais 4 24°C pendant 3 h en présence de 50 pl de
[3H]} -epibatidine 0,66 nM final dans un volume final de
250 yl de tampon, en présence ou en absence de composé A
tester. On arréte la réaction par dilution des échantillons

30 avec du tampon Tris-HCl 50 pM pH 7,4 & 4°C puis on filtre
sur de filtres Whatman GF/C™ préalablement traités pendant
3 heures avec de la polyéthyléneimine a 0,5%. On rince les
filtres 2 fois par 5 ml de tampon et on mesure la
radioactivité retenue sur le filtre par scintigraphie

35 liquide. On détermine la liaison non spécifique en présence
de (~-)nicotine 2 mM final ; la liaison non spécifique
représente 30 a2 40% de la liaison totale récupérée sur le
filtre. Pour chaque concentration de composé étudié on

BNSDOCID <WO OOMIB4AT L >
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détermine le pourcentage d’inhibition de la liaison
spécifique de [’H]-epibatidine, puis on calcule la CIlg,
concentration de composé qui inhibe 50% de la liaison
spécifique.

Les CI,, des composés de l1l’invention se situent entre 0,1 et
20 uM.

Les résultats des essais qui précédent montrent que
certains composés de 1’'invention sont des ligands sélectifs
pour les sous-unités a,B;, o, ou o3 du récepteur nicotinique
et que d'autres sont mixtes af, et oy, oB; et a;, ou o, et
oy

Enfin les composés de 1l’invention ont fait l1’objet d’essais
qui ont mis en évidence leurs propriétés analgésiques.
Ainsi ils ont été étudiés dans le modéle de la plaque
chauffante, selon la méthode de Eddy et Leimbach,

J. Pharmacol. Exp. Ther. (1953) 107 385-393 dans le but de
rechercher et quantifier un éventuel effet analgésique.

Des souris de 20 & 30 g sont soumis & un stimulus thermique
par contact des pattes avec une plaque maintenue a la
température constante de 57,5°C par un bain-marie
thermostaté. On mesure le temps de réaction a la douleur
qui se manifeste par un léchage de pattes ou un saut.
Ainsi, aprés le délai de prétraitement effectué par voie
sous-cutanée ou orale {chaque lot &tant constitué de huit
animaux pour un méme prétraitement), les souris sont
déposées individuellement sur la plaque et le temps de
réaction a la douleur est mesuré. L’animal est retiré de la
plaque immédiatement aprés la manifestation de la douleur.
Le temps maximum d’exposition au stimulus est de 30
secondes.

On exprime pour chaque lot le temps moyen de réaction
accompagné de 1’erreur standard & la moyenne (e.s.m). Une
analyse de variance non paramétrique (Kruskal-Wallis), est
effectuée sur 1l’ensemble du lot. Un test de Wilcoxon permet
la comparaison de chaque lot traité au lot témoin. Les
différences sont considérées comme statistiquement

BNBOOCIC: «WO_00343B4A1_I_»
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significatives au seuil 5%.

Ce temps de réaction est significativement augmenté par les
analgésiques principalement 2 effets centraux.

Les composés de 1’invention montrent une activité dans ce
test aux doses comprises entre 0,3 et 30 mg/kg par voie
intrapéritonéale ou orale.

Ces résultats suggérent l'utilisation des composés dans le
traitement ou la prévention des désordres liés a un
dysfonctionnement des récepteurs nicotiniques, notamment au
niveau du systéme nerveux central ou du systéme gastro-
intestinal.

Au niveau du systéme nerveux central ces désordres com-
prennent les altérations cognitives, plus spécifiquement
mnésiques, mais également attentionnelles, liées a la
maladie d'Alzheimer, au vieillissement pathologique (Age
Associated Memory Impairment, AAMI), au syndrome
Parkinsonien, a la trisomie 21 (Down's syndrome), au
syndrome alcoolique de Korsakoff, aux démences vasculaires
(multi-infarct dementia, MID) et au déficit de
l'attention/hyperactivité (attention deficit/hyperactivity
disorder, ADHD).

Les composés de l'invention pourraient également &tre
utiles dans le traitement des troubles moteurs observés
dans la maladie de Parkinson ou d'autres maladies neurolo-
giques telles que la chorée de Huntington, le syndrome de
Tourette, la dyskinésie tardive et l'hyperkinésie.

Les composés de l'invention peuvent également constituer un
traltement curatif ou symptomatigue des accidents et
traumatismes craniens ou médullaires, des accidents
vasculaires cérébraux et des épisodes hypoxiques cérébraux,
ainsi que des autres maladies neurodégénératives aigués ou
chronigues.

Ils peuvent étre utilisés dans les cas de pathologies psy-
chiatriques : schizophrénie, dépression, anxiété, attaques
de panique, comportements compulsifs et obsessionnels.

Ils peuvent prévenir les symptdmes dus au sevrage au tabac,
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a l'alcool, aux différentes substances induisant une
dépendance, telles que cocaine, LSD, cannabis, benzo-
diazépines.

Enfin ils peuvent étre utiles pour le traitement de la
douleur aigué et neuropathique.

Au niveau du systéme gastro-intestinal les composés de
1l'invention pourraient &tre utiles dans le traitement de la
maladie de Crohn, de la colite ulcéreuse, du syndrome du
cblon irritable et de 1'obésité.

A cet effet les composés de l'invention peuvent é&tre
présentés sous toutes formes de compositions appropriées a
1l'administration entérale, parentérale ou transdermique,
telles que comprimés, dragées, gélules, capsules, suspen-
sions ou solutions buvables ou injectables telles que
sirops ou ampoules, timbres transdermiques {"patch"), etc,
associés A des excipients convenables, et dosés pour
permettre une administration journaliére de 0,01 &

20 mg/kg.
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Revendications.

1. Composé répondant & la formule générale (I)

2z R (1)

dans laquelle _
10 l'un des symboles X, Y et 2 représente un atome d’azote, un
autre représente un groupe de formule C-R, et le troisiéme
représente un atome d’azote ou un groupe de formule C-R,,
R, et R, représentent chacun, indépendamment 1’un de
1’autre, un atome d’hydrogéne ou d’halogéne ou un
15 groupe trifluorométhyle, cyano, hydroxy, (C,-Cglalkyle
ou (C,—-C¢)alcoxy,
R, et R, représentent chacun, indépendamment 1‘un de
1’autre, un atome d’hydrogéne ou d’halogéne ou-un groupe
trifluorométhyle, cyano, hydroxy, (C,-C¢)alkyle, (C,-C¢)-
20 alcoxy, ou phényle éventuellement substitué par un ou deux
atomes d’halogénes, par un ou deux groupes trifluoro-
méthyle, par un groupe cyano, par un groupe nitro, par un
groupe hydroxy, par un groupe (C,-Cglalkyle, par un ou deux
groupes (C,-Cg)alcoxy, par un groupe méthylénedioxy, par un
25 groupe acétyle, par un groupe trifluorométhoxy ou par un
groupe méthylthio,
R représente un atome d’hydrogéne ou un groupe
{C,-C¢)alkyle,
étant exclus les composés de formule générale (I) dans
30 laquelle X représente un groupe de formule CH, Y et Z
représentent chacun un atome d’azote, et R, ou R; ne
représente pas un groupe phényle éventuellement substitué,
4 1’'état de base ou de sel d’'addition & un acide.

35 2. Composé selon la revendication 1, caractérisé en ce que

1'hétérocycle contenant X, Y et Z est un groupe pyridin-
3-yle.
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3. Composé selon la revendication 1, caractérisé en ce que
l'hétérocycle contenant X, Y et Z est un groupe pyridazin-
3-yle.

5 4. Médicament caractérisé en ce qu'il consiste en un
composé selon l'une des revendication 1 a 3.

5. Composition pharmaceutique caractérisée en ce qu'elle

contient un composé selon l'une des revendications 1 & 3,
10 associé a un excipient.
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(57) Abstract: The invention relates 1o compounds having general formulu (L),

(1)
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peut &tre simple ou double. Les composés de I"mvention sont des ligands pour les récepteurs nicotiniques.
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DERIVADOS DE 5- (PIRIDIN-3-Ii)-1-AZABICICLO[3.2.1]OCTANO, SU

PREPARACION Y SU APLICACION EN TERAPEUTICA.

RESUMEN OBJE1O ¥ FINALIDAD DE LA INVENCION

" Compuestos que responden a la férmula general (I):

(I)

en la cual R representa o bien un atomo de haldédgeno o un
grupo fenilo substituido por uno ¢ varlos grupos elegidos
entre los atomos de haldégenos y los grupos alquilo (C,-C¢).,
alcoxi {C;-C¢), nitro, amino, trifluorometilo, ciano,
hidroxi, acetiloe o metilendioxi, © bien un grupo
piridinilo , © bien un grupo tienilo, © bien un grupo
indolilo, o un grupo pirimidinilo eventualmente substituido
por uno © varins grupos alcoxi(C,~Cs) . JPor otra parte, entre
los dos enlaces carbono-carbono representados por ===, unc

es simple y el otro puede ser simple o doble. Los compuestos

de la invencién son ligandos de los receptores nicotinicos.

™\
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DERIVADOS DE 5-(PIRIDIN-3-IL)~-1-AZABICICLO[3.2.1]OCTANO, SU
PREPARACION Y SU APLICACION EN TERAPEUTICA.

TLa presente invencién tiene por objeto compuesto que
son ligandos de los receptores nicotinicos, y que son
Utiles en el tratamiento o 1la preveﬁcién de los desérdenes
relacionados con una disfuncién de los receptores
nicotinicos, en especial al nivel del sistema nervioso
cenEral.

Los compuestos dé la presente invenciédn responden a la

férmula general (I):

(X)

en la cual R representa un atomo de_halbgeno O un grupo
cicloalquilo(C,y~-C;) o un grupo fenilo substituido por uno o©
varios grupos clegidos entre un &tomo de haldégeno, o un
grupo alquilo (C,-C;), alcoxi - (C,-C4), nitro, amino,

dialguilamino (C,-C,), trifluorometilo, trifluorometoxi,

ciano, hidroxi, acetilo o metilendioxi, © un grupo
piperidinilo, © morfolin-4-ilo, ©0 pirrolidin-1i-ilo, o
azetidin-1-ilo, o azepin-l-ilo, o piridinilo, o
quinolinilo, o tienilo, © pirazinilo, o furilo, o

benzofurilo, o benzotienilo, o indolilo, o pirimidinilo o
isoxazolilo, o fenoxazinilo, o fenoxatiinilo, 0
dibenzotienilo, o dibenzofurilo, o pirrolile o naftilo,

Yy cada uno de esos grupos puede
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eventualmente ser substituldo por uno o varics grupos
elegidos entre los atomos de halégenos, los grupos alquilo
(C,~Cs), alcoxi (C,-C¢), trifiuvorometoxi, trifluorometilo,
nitro, c¢iano, hidroxi, amino, dialquilamino (C,;,-C;) o
cicloalquilamino (C,-Cy).

" Entre los dos enlaces carbono-carbono representados
por ===, uno es simplé y el otro puede ser simple © doble.
Por otra parte, el atomo de carbono en posicién 5 es
asimétrico, de forma que los compuestos pueden existir en
forma de dos enantidmeros o de mezclas de esos Gltimos.

Los compuestos de la 1invencién pueden existir en
estado de bases o de sales derivadas de_adicidén con_&cidos.

Un subconjunto de compuestos preferidos es el de los
compuestos de férmula general (I} en la cual R representa o
bien un atomo de halégeno o un grupo fenilo substituido por
uno o varios grupos elegidos entre los atomos de haldgenos
Yy los grupos alquilo (C;-C¢), alcoxi (C,-C¢), nitro, amino,
trifluorometilo, cilano, hidroxi, acetilo o metilendioxi, o
bien un grupo piridinilo, o bien un grupo tienilo, o bien
un grupo indolilo, 0 bien un grupe pirimidinilo
eventualmente substituide por uno o varios grupos alcoxi
(C,=C) .

Los compuestos de férmula general (I) pueden
prepararse por un procedimiento ilustrado por el esquema

siguiente. Se hace reaccionar el 3-oxo-1,4-
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azabiciclo[2.2.2)octano, de férmula (II), con un derivado
de piridina de férmula general (III), en la cual R es tal
como se ha definido anteriormente y W representa un atomo
de halégeno. De esta forma, se puede efectuar una reaccidn
de condensacidén entre el 3-oxo-l-azabiciclo[2.2.2]octano y
el derivado litiado de los compuestos de férmula general
(III) obtenidos por intercambio haldgeno-metal con un
derivadeo alquil 1litio. Se obtienen compuesto de férmula
general (IV) que, cuando se tratan en medio acido por
calor, conducen a los compuestos de férmula general {(I) en
la cual wuno de los dos enlaces carbono-carbono
representados por -=-- es doble. La hidrogenacién catalitica
del doble enlace conduce a los compuestos de férmula
general {I), donde todos los enlaces del ciclo
azabiciclooctano son saturados.

El 3-oxo-l-azabiciclo[2.2.2]octano estd disponible en
el comercio.

Los compuestos de férmula general (III) estén
disponibles en el comercio o puede accederse a ellos por

métodos descriptos en la literatura.



Esquema

(II) 1 (III)

{(1V)

{1}

Para algunos compuestos, los substituyentes R no estan
presentes en el cofnpuesto de partida de fdérmula general
(III); de acuerdo con su naturaleza, esos substituyentes

pueden introducirse sobre el compuesto final de férmula



general (I). De esta forma, los compuestos de férmula
general (I) en la cual R representa un grupo arilo, por
ejemplo, pueden prepararse a partir de los compuestos
correspondientes, en cuya férmula R representa un atomo de
halégeno, de acuerde con cualquier método conocido, tal
como un acoplamiento de tipo Suzuki en presencia de aun
acido borénico y de un catalizador de paladio, por ejemplo
tetrakis trifenilfosfina paladio, o un acoplamiento de
Stille con los reactivos apropiados.

Los ejemplos que siguen a continuacién, ilustran 1la
preparacién de algunos compuestos de 1la invenciédn. Los
microanalisis elementales, y los espectros I.R. y R.M.N.
confirman las estructuras de los compuestos obtenidos.

Los numeros indicados entre paréntesis en los titulos
de los ejemplos corresponden a aquellos de la primera
columna del cuadro que se presenta mids adelante.

En los nombres de los compuestos el guién “-* forma
parte de la palabra, y el guidn “ “ solo sirve para el
corte de fin de linea; hay que suprimirlo a falta de corte,
Y no debe ser reemplazado ni por un guién normal, ni por un

espacio.

Elemplo 1 (Compuesto N'1).
Bromhidrato de 5-(2-fenilpiridin-5-il}-1-

azabiciclo[3.2.1]oct=-3-eno {(2:1).

q7



1.1, 5-Bromo-2-fenil-piridina.

Se introduce sucesivamente en un balén tricol de 500
ml , 30 g (0,127 mol) de 2,5-dibromopiridina en suspensién
en 100 ml de tolueno, 15,4 g (0,127 mol) de Acido
fenilborénico, 4,4 g (0,0038 mol}) de tetrakis-
(trifenilfosfina)=-paladio, 90 ml de una solucién acuosa 2M
de carbonato de sodio y 4 ml de etancl, y se calienta la
mezcla a 90°C durante 22 h.

Se la decanta, se lava la fase orgdanica con 100 ml de
agua, se la seca, se la concentra bajo presién reducida y
se purifica el residuo por cromatografia sobre columna de
gel de silice, y se procede a la elucién con una mezcla
30/70 de ciclohexano y diclorometano.

Se obtienen 22,4 g de cristales.

Punto de fusién: €9-72°C.

1.2, 3-hidroxi-3-(2-fenillpiridin-5-4il1l)-1-
azablciclo[2.2.2]octano.

Se introduce en un balén tricol de 100 ml 2,5 g
{(0,0107 mol) de 5~bromo-2-fenlil-piridina en solucién en 40
ml de éter etilico y se enfria el medio reaccionante a
-60°C para agregar, gota a gota en 10 min, 5,6 ml (0,0139
mol) de una solucién de n-butil litio de 2,5 M en hexano, y
se mantiene a temperatura a -70°C durante 1 h.

Se agrega 1,34 g {0,0107 mol) de 1-

azablciclo[2.2.2]octano-3-ona en solucién en 20 ml de
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tetrahidrofurano en 10 min, se agita la mezcla durante 30
min a =70°C, luego durante 4 h a temperatura amblente.

Se hidroliza el medio reaccicnante por adicidén de 100
ml de metancl y sSe lo concentra bajo presién reducida. Se
retoma el residuo por medio de 100 ml de una solucién
acuosa saturada de cloruro de amonio y se extrae la fase
acuosa con cloroformo. Se secan las fases organicas, se las
concentra bajo presién reducida y se purifica el residuo
por cromatografia sobre c¢olumna de gel de silice,
procediendo a la elucidn con una mezcla 90/10/1 de
cloroformo, metanol y amoniaco.

Se obtiene 0,8 g de cristales.

Punto de fusién: 214°C,

1.3. Bromhidrato de 5-{2-fenilpiridin-5-il)-1-
azabiciclo[3.2.1]oct-3-eno (2:1).

Se introduce en un balén tricol de 25 ml 0,8 g (2,85
mmoles) de 3-hidroxi-3-(2-fenilpiridin-5-4i1)~-1-
azabiciclo[2.2.2]octano, luego 10 ml de acido
metanosulfénico y se calienta la mezcla a 180°C durante 24
h.

Se la vierte sobre hielo, se alcaliniza por adicién de
una solucidn acuosa concentrada de hidréxido de sodio, se
extrae la fase acucsa por medio de cloroformo, se seca la
fase organica y se la concentra bajo presién reducida. Se

purifica el residuo por cromatografia sobre c¢olumna de gel
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de silice, y se procede a la elucién con una mezcla
98/2/0,2 de cloroformo, metanol y amoniaco.

Se obtiene 0,25 g de producto cuyo dibromhidrato se
hace por adicién de una solucién de acido bromhidrico 5,7 M
en acido acético.

Se obtiene 0,22 g de dibromhidrato.

Punto de fusién: 273-274°C.

Elemplo 2 (Compuesto N° 2).

Bromhidrato de 5-{2-fenilpiridin-5-1i1)-1-
azabiciclo[3.2.1]octano (2:1).

En un frasco de Parr de 250 ml se Introduce 0,14 g
(0,33 mmol) de dibromhidrato de 5-(2-fenllpiridin-5-il1)-1-
azabiciclo[3.2.1]loct-3-eno en s6lucidn en 20 ml de metanol
y Se agrega 0,14 g de paladio al 10% adsorbido sobre
carbdén. Se somete luego el medio reacclonante a una presiém
de 0,35 Mpa de hidrégeno bajo agitacién durante 5 h.

Se recoge el catalizador por filtracidn sobre tlerra
de infusorios y se concentra el solvente bajo presién
reducida.

Se obtiene 0,058 g de producto.

"Punto de fusién: 272-277°C.

Eiemplo 3 (Compuesto N° 8).
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Etanodioato de 5-[2~-(3-metilfenil)piridin-5-11)-1-
azabiciclo[3.2.1]eoctano (1l:1).

3.1. 3-Hidroxi-3~-(2-bromopiridin-5-11)-1-
azabiciclo(2.2.2]octano.

Se introducen en un balén tricel de 2000 ml 27,6 g
(0,116 mol) de 2,5-dibromopiridina en 1000 ml de é&ter
etilico, se enfria el medio reaccionante a -67°'C y se
agregan 56 ml (0,140 mol) de una solucién 2,5 M de butil
litio en hexano, gota a gota en 10 min. Se deja agitar el
medio a -67°C durante 45 min antes de agregar 14,5 g (0,116
mel) de l-azabiciclo[2.2.2}octano-3-ona en solucién en 150
ml de éter etilico en 45 min se deja agitar a -67°C durante
3 h.

Se agregan 300 ml de una solucidén acuosa saturada de
cloruro de amonio, luego 200 ml de una solucién acuosa
concentrada de hidréxido de sodio, se extrae la fase acuosa
con cloroformo, se secan las fases orgdnicas y se las
concentra bajo presiédn reducida. Se purifica el residuc por
cromatografia sobre columna de gel de silice, y se procede
a la elucién con una mezcla 95/5/0,5, luego 80/15/1,5 de
cloroformo, metancl y amoniaco.

Se obtienen 19,7 g de producto en forma de sb6lido
amorfo.

3.2. 5-(2-bromopiridin-5-il1)-l1l-azabiciclo(3.2.1}oct-3-eno.

1ol

A
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En un balén tricol de 100 ml se introducen 9,4 g
(0,033 mol) de 3-hidroxi-3-(2-bromopiridin-5-1il1)-1-
azabiciclo[2.2.2]octano y 35 ml de acido sulfdrico
concentrado y se calienta la mezcla a 190°C durante 1lhd4s.

Se la enfria, se la vierte sobre 400 ml de una
golucién acuosa helada de hidréxido de sodio, se extrae la
fase acuosa con cloroformo, se secan las fases organicas y
se las evapora bajo presién reducida. Se purifica el
residuo por cromatografia sobre columna de gel de silice, y
se procede a la elucién con una mezcla 90/10/1 de
cloroformo, metanol y amoniaco.

Se obtienen 3,9 g de producto en forma de sélido
amarillo péalido.

Punto de fuslén: 73-75°C.

3.3. Etanodicato de 5-[2-(3-metilfenil)piridin-5-i1)-1-
azabicicle[3.2.1]oct-3-eno (1:1).

En un tubo de 10 ml se introduce sucesivamente 0,2 g
{0,775 mmol) de 5-({2-bromopiridin-5-il)~-1-
azabiciclo[3.2.1}oct~3~-enc, 3 ml de teolueno, 0,7 ml de una
solucidén acucsa 2M de carbonato de sodio, 0,147 g (1,05
mmol) de &cido 3-metilbencenoborénico, 0,042 g (0,04 mmol)
de tetrakis(trifenilfosfino)paladio y 0,7 ml de etanol, y
se calienta la mezcla a 100°C durante 15 h,

Se elimina la fase acuosa por decantaclén y se extrae

el bruto sobre columna de resina Dowex® por lavados
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sucesivos con metanol, luego cloroformeo antes de proceder a
la eluciédn por una solucidn de amofilaco. Se purifica el
residuo por cromatografia sobre columna de gel de silice y
se eluciona con una mezcla 90/10/1 de cloroformo, metanol y
amoniaco. Se obtiene asi (0,167 g de producto en forma de
aceite, que s8se pone en soluciétn en 2 ml de alcohol
isopropilicc para hacer un etanodioato por adicién de 0,051
g (0,057 mmol) de &cido etanodicico en solucliédn en alcohol
isopropilico. Se obtiene 0,188 g de producto cristalizado.
Pf: 173-174°C.

Eiemplo 4 (Compuesto N° 26).
Bromhidrato de 5~(2-(3-fluorofenil)piridin-5-il)-1-
azabjciclo[3.2.1]octano 2:1.

En un frasco de Parr de 250 ml se introduce 0,18 g
(0,51 mmol) de etanodiocato de 5-[2-(3-fluorofenil)piridin-
5-il)-l-azabicicleo[3.2.1]Joct-3-eno en solucién en 20 ml de
metanol, se agrega 0,36 g de paladio al 10% adsorbido sobre
carbén y se somete el medio reaccionante a una presién de
0,42 Mpa de hidrégeno bajo agltacién a 45°C durante 6 h. Se
recoge el catallzador por filtracién sobre tierra de
infusorios®, se concentra el filtrado bajo presién
reducida, se retoma el residuo en 10 ml de una solucién
acuosa de hidréxido de sodio N y se extrae la fase acuosa

por cloroformo y se purifica el bruto por cromatografia
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sobre columna de gel de silice, procediendo a la elucién
con una mezcla 80/20/2 de cloroformo, metanol y amoniaco.
Se obtiene 0,085 g de producto cuyo dibromhidrato se hace
por adicién de 0,107 ml de una solucién de acido
bromhidrico al 33% en &cido acético.

Se obtiene 0,097 g de cristales.

Punto de fusién: 98-100°C,

El cuadro siguiente ilustra las estructuras quimicas y
las propiedades fisicas de algunos compuestos de la
invencién. En la columna “R”, “(+)” designa el enantidmero
dextrégiro y “(~)” el enantidémero levdciro; los compuestos
sin mencién en esta columna son racematos. En la columna ™
= ", el nimero indicado corresponde a la posicién del doble
enlace en el caso de un l-azabiciclo-octeno, y “-" designa
un heterociclo saturado. En la columna “Sal”, “-“ designa
un compuestc en estado de base, “HBr” designa un
bromhidrato y “ox.” designa un oxalato. Las relaciones
molares acido:base se indican enfrente. En la columna
“F{"C)”, “{d}” designa un punto de fusién con

descomposicién,
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(1)
N° R Sal F('C)
1 CeHs HBr 2:1 273~-274
2 CeHs HBr 2:1 272-271
3 CeHs HBr 2:1 297-305
4 | 2,4~ (OCH;),~5-pirimidinil HBr 2:1 340 (d)
5 3,4~ (OCH,).z-CsH, HBr 2:1 261-262
6 3, 4- (OCH,) ,-CeH, HBr 2:1 234-236
7 2-F-Cg¢H, ox. 1:1 157-158
8 | 3-CH,-CH, ox. 1:1 173-174
S 3-F-CgH, ox. 1:1 163-164
10 3-NO,-C¢H, ox, 1l:1 183-184
11 3-CFy-C¢H, ox, 1:1 156-157
12 4-CH,-C¢H, ox. 1:1 213-215
13 3-Tienil ox. 1:1 189-190
14 3, 4~OCH,0-C¢H, ox. 1:1 201-202
15 4-C1-Cg¢H, ox. 1:1 201-203
16 3-CH,CO-CgH, ox. 1:1 155-156
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N° R Sal F('C)

17 3-Piridinil ox. 1:1 183-184
18 5-Indolil ox. 1:1 253-254
19 4-CH,0-C¢H, ox. 1:1 205-207
20 3, 5~ (CH,) ;~C¢H, ox. 1:1 192-193
21 4-Piridinil ox. 1l:1 172-174
22 4-CH,0-CgH, HBr 2:1 246-247
23 4-CH,~C¢H, HBr 2:1 295-297
24 3-CH,~C¢H, HBr 2:1 284-287
25 3, 5~ (CH,) 5=C¢H, HBr 2:1 250-254
26 3-F-C¢H, HBr 2:1 88-100
27 3-Tienil HBr 2:1 193-196
28 3, 4-0CH,0-C¢H, HBr 2:1 260-263
29 2-F-C¢H, HBr 2:1 266-269
30 3-Piridinil HBr 3:1 256-260
31 4-Piridinil HBr 2:1 249-253
32 3-NO,~-CzH, HBr 3:1 264-267
33 3-CF,-C¢H, HBr 2:1 218-221
34 Br HBr 2:1 234-236
a5 Br HBr 2:1 >350

36 4-Piperidinil HBr 3:1 289-292
37 3-Piperidinil HBr 3:1 261-265
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N R = sal F( C)

38 4-CH,0-CgH, (+) - - 125-129
39 4-CH;0-C¢H, (-) - - 125-129
40 3-F-CgH, (+) - - 68-70

41 3-F=-C¢H, (-} = - 68-70

42 2-Tienil - HBr 2:1 251 (d)
43 2-Tienil 3 HBr 2:1 246-241
44 5-CH,-2-tienil 3 HBr 2:1 237-238
45 5-CH,-2-tienil - HBr 2:1 210-211
46 5-Cl-2-tienil - HBr 2:1 248-250
47 5-Cl-2-tienil 3 HBr 2:1 258-259
48 2-Furil 3 HBr 2:1 262-264
49 2-Furil - HBr 2:1 182 (d)
50 5-Indolil - ox. 1:1 268-269
51 2-Benzofuril 3 - 145-146
52 2-Benzofuril - HBr 2:1 303-305
53 2-Pirrolil 3 HBr 2:1 265-266
54 2-Pirrolil - ox. 1l:1 95-97

55 2-Benzotienil 3 - 165-166
56 2-Benzotienil - HBr 2:1 311-313
57 3-Furil 3 HBr 2:1 291-294
58 3-Furil - HBr 2:1 313-315
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N R = Sal F('C)

59 4-0H-3-piridinil - HBr 2:1 268-270
60 3,5-(CH,),~-1, 2~oxazol-4-il - - 116-117
61 3,5=(CH,),~1, 2-oxazol-4-il 3 HBr 2:1 250-252
62 2,4-(CH,;0);-pirimidin-5-il - ox, 1:1 70-72

63 4-CH;-2-tienil - HBr 2:1 336-338
64 4-CH,;~2-tienil 3 HBr 2:1 284-285
65 1-Dibenzofuril - HBr 2:1 188-189
66 1-Dibenzofuril 3 HBr 2:1 302-304
67 l1-Fenoxatiinil 3 HBr 2:1 292-293
68 1-Fenoxatiinil - HBr 1:1 200-203
69 8~-Quinoleinil - HBr 2:1 260-208
70 8-Quinoleinil 3 HBr 2:1 309-310
71 3-Benzotienil 3 HBr 2:1 222-223
72 3-Benzotienil - ox., 1l:1 80-82

Los compuestos de la presente invencién han sido
estudiados en lo que hace a su afinidad frente a los
receptores nicotinicos que contienen la subunidad o,B; de
acuerdo con los métodos descriptos por Anderson y Arneric
en Eur. J. Pharmacol. (1994), 253, 261 y por Hall et coll.
en Brain Res. (1993), 600, 127.

Se decapitan ratas macho Sprague Dawley de 150 a 200

g, se extrae rapidamente la totalidad del cerebro, se lo
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homogeneiza en 15 volimenes de una solucidén de sacarosa
0,32 M a 4°C, luego se lo centrifuga a 1000 G durante 10
min. Se elimina el culote y se centrifuga el sobrenadante a
2000 G durante 20 min a 4°C. Se recupera el culote y se lo
homogeneiza con la ayuda de un triturador Polytron™ en 15
volumenes de agua bidestilada a 4°C, luego se lo centrifuga
a 8000 G durante 20 min. Se elimina el culote y se
centrifuga el sobrenadante y la capa de piel {“buffy coat”)
a 40000 G durante 20 min. Se recupera el culote, se lo
vuelve a poner en suépensibn en 15 ml de agua bidestilada a
4°'C y se lo centrifuga una vez mads a 40000 G durante 20

min., antes de conservarlo a -80°C,

El dia de la experiencia, se descongela lentamente el
tejido y se lo pone en suspensién en 3 voldimenes de tampén.
Se incuban 150 ul de esta suspensidén membranaria a 4°C
durante 120 min en presencia de 100 1l de [*H]-cistisina
en 1 nM en un volumen final de 500 upul de tampén, en
presencia o en ausencia del compuesto a probar. Se detiene
la reaccién por filtracié4n sobre filtros Whatman GF/C™
previamente tratados durante 3 horas con polietilenimina se
enjuagan los filtros dos veces con 5 ml de tampén a 4°C, y
se mide la radiocactividad retenida en el £iltro por
centellografia liquida. Se determina el enlace no
especifico en presencia de (-)-nicotina 10 uM; el enlace no
especifice representa 75 a 85% del enlace total recuperado
sobre el filtro. Para cada concentracién de compuesto

estudiado, se determina el porcentaje de inhibicién del
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enlace especifico de [*H)-cistisina, luego se calcula 1la
CIs, concentracién de compuesto que 1inhlbe 50% del enlace

especifico.

Las CI,, de los compuestos de la invencién mas afines,

se sitdan entre 0,01 y 10 uM.

Los compuestos de 1la invenclé4n también han sido
estudiados en lo que hace a su afinidad frente a receptores
nicotinicos que contiene la subunidad o,, de acuerdo con
los métodos descriptos por Marks y Collins en J. Pharmacol.
Exp. Ther. (1982), 22, 564 y por Marks et coll. en Mol.
Pharmacol. 1986, 30, 427.

Se decapitan ratas macho OFA de 150 a 200 g, se extrae
rapidamente la totalidad del cerebro, se lo homogeneiza con
la ayuda de un triturador Polytron™ en 15 volimenes de una
soluclén de sacarosa de 0,32 M a 4'C, luego se 1lo
centrifuga a 1000 G durante 10 min. Se elimina el culote y
se centrifuga el sobrenadante a 8000 G durante 20 min a
4°C. Se recupera el culote y se lo homogeneiza con la ayuda
de un triturador Polytron™ en 15 volimenes de agua
bidestilada a 4'C, luego se lo centrifuga a 8000 G durante
20 min. Se elimina el <culote y se centrifuga el
sobrenadante y la capa de plel {“buffy coat”) a 40000 G
durante 20 min. Se recupera el culote, se lo vuelve a poner
en suspensién en 15 ml de agua bidestilada a 4°'C y se lo
centrifuga una vez mas a 40000 G durante 20 min., antes de

conservarlo a -80°C.
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El dia de la experiencia, se descongela lentamente el
tejido y se lo pone en suspensidén en 5 vollimenes de tampdn.
Se preincuba 150 ul de esta suspensién membranaria a 37°C
durante 30 min. a obscuras, en presencia o en ausencia del
compuestc a probar. Luego se incuban las membranas durante
60 min. a 37°C, a obscuras, en presencia de 50 ul de [*H]~
a-bungarotoxina 1 nM en un volumen final de 250 uyl de
tampdn HEPES 20 mM, polietilenimina 0,05%. Se detiene 1la
reaccién por filtracién sobre filtros Whatman GF/C™
previamente tratados durante 3 horas con polietilenimina al
0,05%. Se enjuagan los filtros dos veces con 5 ml de tampén
a 4°'C, y se mide la radioactividad retenida sobre cada
filtro por centellografia liquida. Se determina el enlace
no especifico en presenclia de a-bungarotoxina 1 uM final;
el enlace no especifico representa aproximadamente 60% del
enlace total recuperado sobre el filtro. Para cada
concentracién de compuesto estudiado, se determina el
porcentaje de inhibicién del enlace especifico de [*H]-o-
bungarotoxina, luego se calcula la CI,, concentraciédn de

compuesto que inhibe 50% del enlace especifico.

Las CI,, de los compuestos de la invencién mas afines,
se sitdan entre 0,005 y 20 M.

Los resultados que ©preceden muestran que 1los
compuestos de la invencién son ligandos para los receptores
nicotinicos. Algunos son selectivos para los receptores que
contienen las subunidades o, y otros son mixtos para los

receptores de tipo a,f, y O,.

!
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Los resultados de las pruebas sugieren la utilizacién
de los compuestos en el tratamiento o la prevencién de los
desérdenes relacionados con una disfuncién de los
receptores nicotinicos, en especial al nivel del sistema

nervioso central.

Esos desdrdenes comprenden las alteraciones
cognitivas, mas especificamente mnésicas, pero también
atencionales, relaclonadas con la enfermedad de Alzheimer,
el envejecimiento patolégico (Age Assocliated Memory
Impairment, AAMI), el sindrome Parkinsoniano, la trisomia
21 (Down'’s syndrome), el sindrome alcohédlico de Korsakoff,

las demencias vasculares {(multi-infarct dementia, MDI).

Los compuestos de la invencién podrian también ser
Gtiles en el tratamiento de 1los trastornos motores
observados en 1la enfermedad de Parkinsor u otras
enfermedades neurolégicas tales como corea de Huntington,
el sindrome de Tourette, la disquinesia tardia y 1la

hiperquinesia.

Los compuestos de la invencién pueden también
constituir un tratamiento curativo ¢ sintomitico de los
accidentes cerebrovasculares y de los episodios hipéxicos
cerebrales, asi como de las patologias neurodegenerativas
croénicas tales como la enfermedad de Alzheimer y la
enfermedad de Parkinson. Pueden ser utilizados en los casos

de patologias psiquiatricaé: eaquizofrenia, depresién,
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ansiedad, ataques de panico, comportamientos compulsivos y

obsesivos.

Pueden prevenir los sintomas debidos a la abstinencia
de tabaco, de alcohol, de diferentes substancias que
inducen una dependencia, tales como la cocaina, LSD,

cannabis, benzodiazepinas.

De esta forma, la presente invencidén también tiene por
objeto composiciones farmacéuticas que contienen una dosis
eficaz de al menos un compuesto conforme a la invencidn, en
estado de base o de sal o de solvate farmacéuticamente
aceptable, y dado el caso, mezclado con excipientes

convenientes.

Dichos excipientes se eligen de acuerde con la forma

farmacéutica y el modo da administracién deseado.

Las composicicnes farmacéuticas conformes a 1la
invencidén, puede entonces destinarse a la administracién
oral, sublingual, subcutanea, intramuscular, intravenosa,
tépica, intratraqueal, intranasal, transdérmica, rectal,

intraocular.

Las formas unitarias de administracién pueden ser, por
ejemplo, comprimidos, «cédpsulas de gelatina, granulos,
polvos, solucicones o suspensiones orales o inyectables,
parches transdérmicos (“patch”), supositorios., Para 1la
administracién téplca se pueden prever pomadas, lociones y
colirios. Dichas formas wunitarias se dosifican para

permitir una administracién diaria de 0,01 a 20 mg de
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principio activo por kg de peso corporal, de acuerdo con la

forma galénica.

Para preparar comprimidos se agrega al principio
activo, micronizado o© no, un vehiculo farmacéutico que
puede estar compuesto por diluyentes, como por ejemplo
lactosa, celulosa microcristalina, almidén, y adyuvantes de
formulacién tales como aglutinantes, (polivinilpirrolidona,
hidroxipropilmetilcelulosa, etc), agentes de deslizamiento
tales como silice, lubricantes como estearato de magnesio,
acido estedrico, tribehenato de glicerol, estearilfumarato
de sodio. También pueden agregarse agentes humectantes o

tensiocactivos tales como laurilsulfato de sodio.

Las técnicas de reallzacié4n pueden ser compresién
directa, granulacién seca, granulacién hiimeda o la fusién

en caliente.

Los comprimidos pueden estar desnudos, grageados, por
ejemplo con sacarosa, © recubiertos con diversos polimeros
u otras materias apropladas. Pueden ser concebidos para
permitir una liberacién rapida, retardada o prolongada del
principio activo graclas a matrices polimeras o a polimeros

especificos utilizados en el recubrimiento.

Para preparar capsulas de gelatina, se mezcla el
principio activo con wvehiculos farmacéuticos secos (simple
mezcla, granulacién seca o himeda, o fusidén en caliente),
liquidos o semisélidos. Las capsulas de gelatina pueden

ser duras o blandas, peliculadas o no, para gue tengan una

5



24 \(5

actividad rapida, prolongada o retardada (por ejemplo para

una forma entérica).

Una composicién en forma de jarabe o de elixir o para
la administracién en forma de gotas, puede contener el
principio activo conjuntamente con un edulcorante,
preferentemente acalérico, metilparaben o propilparaben

como antiséptico, un agente saborizante y un colorante.

Los polvos y granulos dispersables en agua pueden
contener el principlo active mezclado con agentes de
dispersién o agentes humectantes, ¢ agentes dispersantes
como polivinilpirrolidona, como asi también con

edulcorantes y agentes correctores del sabor.

Para la administraciédn rectal, se recurre a
supositorios preparados’' con aglutinantes que funden a la
temperatura rectal, por ejemplo manteca de cacao o

polietilenglicoles.

Para wuna administracién parenteral, se utilizan
suspensiones acuosas, soluciones salinas 1isoténicas o
socluciones estériles inyectables que contienen agentes de
dispersién y/o humectantes farmacolégicamente compatibles,

por ejemplo propilenglicol o butilenglicol.

El principio activo también puede ser formulado en
forma de microcdpsulas, eventualmente con uno o varios
soportes o aditivos, o bien con una matriz polimera o© con
una ciclodextrina (parches transdérmicos, formas de

liberacién prolongada).
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Las composiciones tépicas conformes a la invencién,
comprenden un medio compatible con la piel. Pueden
presentarse principalmente en forma de soluclones acuosas,
alcohélicas o hidroalcohdlicas, geles, emulsiones agua en
aceite o aceite en agua, que tienen el aspecto de una crema
0 de un gel, microemulsiones, aerosoles, o también en forma
de dispersiones vesiculares que contienen lipldos iénicos
y/o no 1iénicos. Esas formas galénicas se preparan de
acuerdo con los métodos usuales de los ambitos

considerados.

Por Gltimo, las composiciones farmacéuticas conformes
a la invencidédn pueden contener, Junto con un compuesto de
férmula general (I), otros principlios activos que pueden
ser tUtiles en el tratamiento de los trastornos vy

enfermedades indicados precedentemente.

Ve
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RE TONES
1. Compuesto, en forma de enantiémero puro o en forma de
mezcla de enantiémeros, que responde a la férmula

general (I}:

(1)

en la cual R représenta un atomo de halégeno o un
grupo cicloalquilo({Cy-C¢) © un grupo fenilo substituido
por uno © varios grupos elegidos entre un Aatomo de
halégenc, © un grupo alquilo (C,-C¢), alcoxl (C,-Cq).
nitro, amino, dialquilamino (C.-C,), trifluorometilo,
triflucrometoxi, ciano, hidroxi, acetilo o metilendioxi,
o0 un grupo piperidinilo, o morfolin-4-ilo, o pirrolidin-1-
ilo, o =zzetidin-l-ilo, o azepin-l-ilo, o piridinilo, o
quinoliniio, © tienilo, o pirazinilo, o furile, o
benzofurilo, o benzotienilo, o indolilo, o
Pirimidinilo o isoxazolilo, o fenoxazinilo, 0
fenoxatiinilo, o dibenzotienilo, o dibenzofurilo, o
pirrolilo o naftilo, y -cada unc de es0sS grupos puede
eventualmente ser substituido por uno o varios grupos

elegidos -'entre los &tomos de haldédgenos, los grupos
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alquilo (Ci—Ce¢) alcoxi (C,~Cq) » trifluorometoxi,
trifluorog;tilo, nitro, ciano, hidroxi, amino,
dialquila'r;'j..no (C,-C;) o cicloalquilamino (C,-Cg), y se
sabe que entre los dos enlaces carbono-carbono
representados por =-~-, uno es simple y el otro puede
-ser simple © doble,

en estado de base o de sal derivada de adici6n con un &cido.

2. Compuesto de acuerdo con la reivindicacién 1,
caracterizado porque R representa ¢ bien un Atomo de
haldégeno o un grupo fenilo substituldo por uno o
varios grupos elegidos entre los atomos de halédgenos y
los grupos alquilo(C;~Cq), alcoxi(C,-C¢), nitro, amino,
trifluorometilo, ciano, hidroxi, acetilo (o}
metilendioki, o bien un grupo piridinilo, o bien un
grupo tienilo, o bien un' grupe indolilo, o bien un
grupo pirimidinilo eventualmente substituido por uno o
varios grupos alcoxi (C,~Cq).

3. Medicamento caracterizado porque consiste en un
compuesto-de acuerdo con la reivindicacién 1.

4. Composicidén farmacéutica caracterizxada porque contiene
un compuesto de acuerdo con la reivindicacién 1,

asociado a un excipiente.
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Bogota, D.C.,

Doctor(a): Oficio N° 011 Y]

JOSE ANTONIO LLOREDA

Apoderado

SANOFI-SYNTHELABO

ASUNTO: Radicacidn N° 04-62034
Solicitud intemacional PCT/FR03/00004
Fecha inicio fase nacional 07/08/2004
Tramite on
Evento 379
Actuacion 430
Folios 001

Como resultado del examen de forma, realizado con fundamento el el articulo 38 de
la Decision 486 de la Comisién de ia Comunidad Andina, articuio 27 del Tratado de
Cooperacion en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Indusfria y Comercio, se le comunica que:

@L a solicitud no contiene la copia del documento en que consta la cesidn del
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisidn 486).

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le requiere
para que dentro del término de dos meses siguientes a la fecha de notificacién del
presente oficio, complete los requisitos anteriormente enunciados. En caso de no dar
cumplimiento al presente requerimiento, la solicitud se considerara abandonada y
perdera su prelacion.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal o), del
capltulo quinto del titulo primero-dg la Circular Unica N* 10 de 2001.

SPEDES DE VERGEL
Jefe de la Divigién de Nuevas Creaciones.

El anterior requerimiento fue notificado por fijacidn en lista de

fecha. 30 JUL. 2004
202059
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