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FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASE NACIONAL

@ SOLICITUD DE:
Patente de Invencion. |:| Patente de Modelo de Utilidad.
[x] Capitulo 1.

[l Capitulo II.

Nombre: TARGACEPT, INC. Y MEDICAL
COLLEGE OF GEORGIA
Socizdades constituidas y evistentes bajo
SOLICITANTE las leyes de los Estados d: Delawars y
(71) Georgia, Estados  Unidoz de América,
respectivamente.
Direccién: 200 East First Street, Suitz 300,
Winston-Salem,
North Carolina 27101,
Estados Unidos de América
y .
IDENTIFICACION
Office of Technology Transfer,
1120 15th Street, C.C. L] NIT L]
California 2126, ' CE ] Otro ]
Augusta, Georgia 30912 ‘
Estados Unidas de América Cual
Numero
Respectivameants
Domicilio;: Winston-Salem,
Narth Caralina,
Estados Unidas de América
y
. California,
Augusta, Georgia 30912
Estados Unidos de América
Respectivaments
Homibre: LUZ CLEMEHCIA DE FAEZ IDENTIFICACION
Direiin: Carrera 48, Mo, 72-25 CC. NIT D
Tel&fono: 347 36 11
REPRESENTANTE] . - 11 a6 50 ce. [ oro [
O APODERADO E-rnail: clientes@cavelier.com Cual
Drnicilic: Bogeta, Colombia, Nomero  25.45E.344 T.P 23.555
1. Merouane BENCHERIF 2. Mario B. MARRERO
104 Brampten Court, 4450 Andover Drive,

Winston-salern,

Evans,

INVENTOR (ES) North Carolina 27106, Seorgia 30309,
(72) Estados Unidos de America Estados Unidos de América
PCT (86)

Solicitud Internacional No. PCT/US2003/071593
Publicacion Internacional No. WO 2009/018511 A3

Fecha: 01 de agosto de 2008
Fecha: 05 de febrero de 2009
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Titulo (54) W
@ TRATAMIENTO CON LIGANDOS o7-SELECTIVOS ~ (Fo\io 236)

@ Clasificacion Internacional (51) AG1K 031/4545 A6 ( P 437090
A6 2l10 AbLP 25/00

Prioridad | (33) Pais de Origen (32) Fecha (31) Nimero de Solicitud

sii¥l nold us 2 de agosto de 2007 60/953.610

us 02 de agosto de 2007 B0/953.613

uUs 02 de agosto de 2007 650/953.614

us 12 de septiembre de 2007 50/971.654
Comprobante de pago No.: 10-14 427 Fecha: 22 de febrero de 2010
Comprobante de pago No.: 10-9,690 Fecha: 08 de febrero de 2010
Comprobante de pago No.: 10-14,282 - Fecha: 22 de febrero de 2010

Anexos:

Comprobante de pagn de la tasa de presentacién de la solicitud por $ £54.000.00.

Comprobante de pago por 20 reivindicaciones adicionales despugs de la d&cima reivindicacion
por $520.000.00.

Documento que acredita la existencia y representacion lzgal cuando &l solicitante sea persona
juridica. '

Poder de la sociedad TARGACEPT, INC..

Documento de cesion del inventor al solicitants 0 a su causante.

Declaraciones.

Copia de la solicitud internacional. (Resumen, descripcidn, reivinc:licaéiones, dibujos)

Traduccidon de la solicitud internacional al castellano. (Resumen, descripcion, reivindicaciones,
dibujos)

Copia d=l examen preliminar efectuado por la IPEA.
Traduccién dzl examen preliminar efectuado por la IPEA.
Dea ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacidn de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser ¢l caso, certificado de depésito del material bioldgico.
Arte final 12x12

De ser el caso, informacién sobre otras solicitudes de patentz o titulos obtenidos en el
extranjaro por 2l mismo titular o su causante, relacionadas parcial o totalmente con la invencidn
- de esta solisitud.

Otros: VER HOJA DE DOCUMENTOS ANEXOS

B OFNO O0O0O0 EEO0F ® er| O)
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@ FIGURA CARACTERISTICA

3 1 mgikg Velifculo  DB/db (Magro) (R=10)

—0—1 mg/kg DR/ab (Magro) (n=10)

~—A— 1 mg/kg Vehicalo  db/db(Grasa)(n<10)
~-¥—1 mg/kg Ciié A Idh/db (Grasa)in=10)

s 8

Pesos Corporales
(Gramos)

Semana de Edad

@ Solicito la concesidn de la pa{ente, |
NOMBRE: LUZ CLEMENCIA DE PAEZ
s P4 —~ A "
FIRMA : v/ ol ‘21*«5;"-'"7.:-’:‘,-14"'153\/ é‘é?/‘&;\é 2

C.C. 25.45G.344 de Usaquén T.P. 23.555
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DOCUMENTOS ANEXOS

. ‘11 Publicacién Internacional WO 2009/015511 A3

Descripcion:
Paginas 57 en el idioma original
Paginas 91 en espafiol
Reivindicacionas: Numero (s) 30

Figuras: Numero (s) 40

2. @ Forma PCT/ISA/210. Informe de Busqueda Internacional.

3. Extracto de publicacion.

NO SE REALIZARON MODIFICACIONES EN LA FASE
INTERNACIONAL
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"APOSTILLE
(Tonvention de La Hay= 5§ cctobre 1961)

COUNTRY: UNITED STATES OF AMERICA

This Public Documeant
has been signed by. JULIE P. CRAYNE

acting in the capacity of _NOTARY PUBLIC
‘ COMMISSION EXPIRES 6/21/2012
bears the ssal/stamp of COUNTY OF FORSYTH, NORTH CAROLINA
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CERTIFIED

at Raleigh, North Carnlina

the_ STH DAY OF AUGUST, 2009

by Secretary of Ctat.s or Deputy Secr utary of State, State of [Horth Carolina

COMO ;

NOTARIA. ssxm DEL CIRCULO G BOGOTAS]
oc worocom comcnoé'f:

OTA Dc‘ R%!‘uul\ﬂ‘oq_c‘ma viaT

10. Signature

Secretary of State
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Representacion y Poder con autenticacion
notarial y Apostille para patentes, modelos de

utilidad, disefios industriales, marcas de
fibrica, nombres comerciales, enseiias,
nombres de dominio, lemas comerciales,
licencias.

Representation and Power-of-Attorney  with
notarial authentication and Apostille for
patents, utility models, industrial designs,

trademarks, commercial names, trade emblems,
domain names, slogans, licenses.

REPRESENTACION Y PODER

REPRESENTATION AND POWER-OF-
ATTORNEY

Yo (nosoires), abajo ﬁnnadu( VI (we), the undereigned

“M

TARGACEPT, INC. K \?

domiciliado (s) en/of

200 East First Stre

ct, Suite 300, Winston-

Salem, Morth Carclina 27101-4165, United States of America

Hereby ratify the patent application No. (9.056.3562

June 1, 2009, and,
por &l pracenic nombramos 2 LUZ CLEMEMNCIA DE

PAEZ, ipa. 23555 DANIEL FETIA, iph 65620 y GEPILAN

IMARIT ipa. 6 64220 . domiciliados en la Carrera da
= 72-35,

dispuzsio #n ¢l parigrafo 1o del A

EBogoid, Colombia, on obedecimicnio a lo
iiculo 542 del Codige de
Comereio, &l primero come principal y los demds como
suplenias, en cu orden, coimo mis (MUEtiroe) ripresenianis

ein iodos los acunios Ll\. propizdad Indusirial con faculiad
para racibir notificaciones y nombrar apoderados judicialze o
extrgjudicialze. El prisaer reprazenianie suplenie reemplazard

al principal zn caso dz ausencia ¢ hnpedimenio ismporal o

—_—

definiiivo d2 aquil. La misina regla sz aplicard cuando @

gundo represenianis supleniz haya de resmplacar al

primero, o 2l iercero al zcgundo. En ialas casos, el

peprezentanie principal, o 2l primazro, o sagundo suplenie, on
su caso, o ambos, declaravin su iniencidn d: no 2jercer la
represeniacion medianic declaracién avizniicada por Hoiario
Pablico en Colombiz, o por Moiario v owo Funcionario
Fiablico, o Céasul de Colombia, en ¢l exiranjero; y i s¢
iratare de impedimenio, eon 2 ceriificado respeciivo. Si
alguna &z los nombrados (liare definiilvameniz, 21 ciguiznis
iomard su luzar, Cvando cesare la a
© CAVELIER ABOGADOS
WPC15769 / 15.149642

usencia o lllllJu(..lllh o

filed by Emilio Ferrero on

I in dur compliznce wiil ihe tenns of paragraph 1:i of
ariiclz 343 of iz Commercial Codz, do hereby appoini
LUZ CLEMENCIA DE FAEZ, ipa. 23335 DANIEL
PEfA, ipa.G362u y GEFIAATT MATTI ipa. 64229
doinicilzd ai Carveva 4a11° 7235, Pogois, Colombis, the
fisi a5 principal and ihe others as aliemaies, in ihe order

o
I

of ihair appoinitsni, as our repieceatatives for all

inducirial properyy matizrz  wiih faculiy i receive
noiifications and ¢ appoint aitomeys in and ovi of Court.
The firsi alizrnaie shall replace the principsal in case of his
absence or of iemporal or definiiive impadimeni. The
apply

represeniaiive 13 1o replace the feci one, or when ihs third

cams  rulz  will when  ihe szcond  alizmaie

i ic replace iha fifci or cecond aliernaizs in iheir wrn, or
econd. In

coeniaiive, of ithe firsi or szcond altirnaies in their

boih of them, such cacer, the principal

rEpre

wrn, of boil of ihaim, Jm}_],__;;@;.L.U;b.u..u..u,mmrAI NoL 10 act
SBOBOTA

PR St

an Cons ul Al

l ,‘E'},rr'f,‘ac. zmm

Publig




del represenianie principal, o de cu primero o cegunde
suplenics, =i su caso, podran sjarcer la repreceniacion, &n o
orden, uno u otros seghn &l cato, asumiéndola por ¢l solo
hzcho de gjercerla, czzands on 2se momenio ¢ gjeceicio dz la
repreceniacion por 21 primere, segundo o ieicer suplenie #n
cu caco.

Ademis, confiero (confarimes) poder 2 los abogades arviba

nembrados, para obicner la proisceion dz mi (nuesira)

propizdad indusirial y coniva la competencia declaal, a cuyo
efecio auiorizo (amos) a loc dichos apaderados para que me
(nog) representzn aniz cvalesquizra suiidadss o personas,

gjerzan o no juricdicciln, ecpecialmenie aniz laz del orden

\u

adminisiraiive, conicncioco- adiminisiraiive y judicial, asf
coimno los iribunales de arbiiramenio, 2n iodo 1o concernizniz
a los siguicnics  asunios: a) Obiencién de paienizs de
invencion, modslos ds willidad y  diszfies indusivialzs; ¢

regisivo de marcas d: fibrica, coleciivas, defencivas, de

cervicio,  lemac comercialzs, nombizs  comarciales,
ensciias, nombrzs de dominic, varizdades vegeialzc y

denominaciones de origzng fu renovacién, iracpaco, carbio
de nombes o domlcll!o, caiicelacion voluniaria; y el regicico
de licencias de uso 5 derechos; b) Las accionss dz
comapsisncia dicleal, proieccidn del consumidor, oposicionas
u obeervaciones, cancelacidm  adiminisivaiiva vy judicial,
nulidad, medidas cavielares, concecion de leencias, 1a wizla,
la proizceion di seoreios indusirialzr, v an general los juicios
civiles, penalzs, adminisiraiivos I
coniencioso—adminiziraiivos  rélacionados  con estos
derechas; acclonss y procesos que promeovamos 0 Se o
promuevan, Vo opara que ¢n wdoes lo asunios arriba
deierminados, pusdan cuctitnir etz mandaio, ivanzigir,
conciliar, adriiir 152 hechos del proeese, desisiir, cancelar,

recibir, renunciar, y raiificac los acios de agznize oficiosos.

© CAVELIER ABOGADOS
. WPC15769 / ID. 149642

following aliernais shall iabe his place. When the abzanes

or impediment of ihe principal represeniative, of of the

"I

first or cecond alizrnate i iheir wa czaces, tha
1rpr-.4»,nm1c.n can bz talen g ain in their ¢ f‘qu-"ncn L'yy the

7 .

mers faci or jis enercise  will cufﬁce. The

of ihe represeniailon by the first, second ar
ihird alierinaies in their furn chall end at such time. In
addidion, we zrani a Power of Aliomsy in favor of tha
above_named agomsys—si_law so that ihey may oblain
ihe proizction of my (owr) inducirial properiy snd againct
ihe uniair ':c»mpr:‘tiiion, for which puipoce T (we) authorize
ihe said aticeneys © represeni me () Lefore any
anilioriizs or persons, with o withoui jurizdiction,
cpecially ihose adininisivaiive, adminisivsiive conications
and judicial, ac well as before Arbitration Court, in all
maiiers conceming the follewing:  a) Obtainment of
paicnis, wiility wedelz and  inductrial - decigns;  the
vegisiraiion of irademarke, collective, defenzive and
SEIVICS marls,  slogans, commercial names, trads
emblems,  domain  nemes,  vegstal  varietizc and
denorninaiions of origing itz renswal, ascignmeant, change
of name or domicile, voluntay cancellation; and the
regisiraiion of licenses of uze of ihe above rights; b)
Aciions of unfair compeiiiion, proizciion io the concumer,
opposiilonz or  observaiions, adminisirative or  Court
canczllaiion, nullity, nfiingement, granting of licenzes,
ihe aciion for writ mandamng, ihe proizciion of trads
secreie, and in gznerel the civil, penal, and adminictrativs
suiic relaiing io these righis; aciions and cuils inctitviad by
ez (u3) or againti me (u3). And ihat in all ihe above
maitere they may subsiiiutz ihic Power of Atcmey,
compromise, conciliaiz, aduii ithe fzeis of ths case, desist,
cancel, rr;c.:-ivc-, rzsign, and iatify acts done by

repreceniaiivas withoui a power of attornay.

CGHO NOTRRA SECTH DT
GO CONSTAR GUE °'"°8.5%,,°E 0GR




Dado y firmado hoy/Given and signad this

- [EVITEL DATE:] 3 ,’L s s 2029
en/in; Winsion-Salem, North Carolina
poifby: Targacejt, Inc.
Firma/Signatuiz: ’ ’,,v") e ”4’,/).. .~ /(7
Arnlion e o A DT

William S. Caldwell, Fh.D

Vice Pracident, Drng Discovery & Developmeant

STATE OF NORTH CAROLINA

/
COUNTY OF l'onw‘Tvi

I, the underzigned Notary Public for the aforesaid jurisdiciion, do hereby certify that
William S. Caldwell perzonally appeared before me this day as Vice President, Drug
Discovery & Development, of Targacept, Inc., duly authorized, and acknowledged the dve
execntion of the foregoing document.

Date: ‘5 day of Qv\g };5[' , 2009

(Official Seal)
T %\L\u_ \ ' C\"C»\w-
\\“ '_’l’ . . r — \)
\\\&Y. CRy4 2 Official Slgr}\{lture of Notary
") 2,
SPne BT Y
Se Pﬂg,. < MULE - - C«‘\‘In)t , Notary Public
= 8 U= et et A !
= ; 2= Notary’s printed name
E'g 'UB“&Q N
”','9 %”.'P S My commizsion expires:  Judé 2}, 2012
',")7}, S )
s, cov
i

(COMO NOTARIA" SEXTA DEL. CIRCULO. O BCCOTAS

D.C.: HAGO CONSTAR QUE (A FOTOCORA COmaIE
ORIGINAL:QUE -HE TENIDO A LAY

BOGOTA D/C: REPUBLICA DE COLOBI

© CAVELIER ABOGADOS
WPC15769 /ID.149642




Delaware ... .

I, JEFFREY W. BULLOCK,

The First State

SECRETARY OF STATE OF THE STATE O

DELAWARE, DO HEREBY CERTIFY THE ATTACHED ARE TRUE AND CORRECT

COPIES OF ALL DOCUMENTS FILED FROM AND INCLUDING THE RESTATED

CERTIFICATE OR A MERGER WITH A RESTATED CERTIFICATE ATTACHED OF

"TARGAC'EPT; INC." AS RECEIVED AND FILED IN THIS OFFICE.

THE FOLLOWING DOCUMENTS HAVE BEEN CERTIFIED:

RESTATED CERTIFICATE, FILED THE EIGHTEENTH DAY OF APRIL,

A.D. 2006, AT 11:43 O'CLOCKR A.M.

2725940

090733780

You may verify this sertificate cnline

at corg.delavare. gov, ‘authvoer, shitml

\‘\“

A

Jeiitey W, Culloct, Secrets oy o Blste e

: \
AUTHENT@TION 7443551

DATE: 07-28-09

- COMO:NOTARIA SEXTA DEL CIRCLK. 3
D, Ae%g%u‘g&moc&ue géroroc‘évo F%’ s
BOTADLC; \nev&ucxt;if”}%?




FOURTH AMENDED AND RESTATED CERTIFICATE OF INCORPORATION
OF -
TARGACEPT, INC,

Puarsuant to Section 242 and Section 245 of the General Corporation Law of
Delaware (the “DGCL”), the undersigned corporation hercby submits the following for the
purpose of amending and restating its Certificate of Incorporation, as amended, and does hercby
certify as follows. )

1. The name of the corporation is Targacept, Inc. The corporation’s original
Certificate of Incorporation was filed on March 7, 1997. '

2. The corporation’s Certificate of Incorporation is hereby amended and restated in
its cntirety as set forth in the text of the Fourth Amended and Restated Certificate of
Incorporation attached hereto as Exhibit A.

3. This Fourth Amended and Restated Certificate of Incorporation was duly adopted
in accorduee with Sections 245{(¢), 242 and 228 of the DGCL and will be effective upon filing.

IN WITNESS WHEREOF, said Targacept, Inc. has caused this Fourth Amended
and Restated Certificate of Incorporation fo be signed by its President and Chief Executive
Officer, this (7 __dayof __A2r7/ 2006,

TARGACEPT, INC.

By;

" 1. Donald deBethizy
President and Chief Bxecutive Officer

State of Delaware
Secratary of State
Divisicn of Corperations
Delivered 11:47 3M 04,718,2006
FILED 11:43 3aM 0471872006
SRY" Q60358269 - 2725940 FILE
: COMONOTARIA: SEXTA DEL: CIRCULO Be T
T
'-==ORLGlNA!;?QU£f:MEi:TENID
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EXHIBIT A
FOURTH AMENDED AND RESTATED CERTIFICATE OF INCORPORATION
OF
TARGACEPT, INC.

FIRST: The name of the corporaiion (hereinafter called the “corporation™) is
Targacept, Inc. ‘

SECOND: The address, including street, number, city and county of the
registered office of the corporation in the State of Delaware, is 2711 Centerville Road, Suite 400,
City of Wilmington 19808, County of New Castle; and the name of the registered agent of the
corporation in the State of Delaware at such address is Corporation Service Company.

THIRD: The purpose of the corporation is to engage in any lawful act or activity
for which corporations may be organized under the General Corporation Law of the State of
Delaware, as the same now exists or may hereafier be amended.

FOURTH: \

1. The total number of shares that the corporation is authorized to issue is One
Hundred Five Million (103,000,000), of which: (1) One Hundred Million
(100,000,000) shares shall be designated as Comnon Stock, $0.001 par value per
share (“Common Stock”); and (2) Five Million (5,000,000) shares shall be
designated as Preferred Stock, $0.001 par value per share (“Preferred Stock™.

2. The board of directors of the corporation (the “Board™) is authorized, subject to
any linitations prescribed by law, to provide for the issuance of shares of
Preferred Stock in one or more series, to establish from time to time the number
of shares to be included in each such series, to increase or decrease the number of
shares of any series subsequent to the issue of shares of that series, but not below
the number or shares of such series then outstanding, aund to fix the designation,
powers, preferences, relative, participating optional or other special rights, and
any qualifications, limitations and resirictions of the shares of euch such series. In
case the number of shares of any series shall be so decreased, the shares
constituting such decrease shall resume the stutus that they had prior to the
adoption of the resolution vriginally fixing the number of shares of such series.

3. Each outstanding share of Common Stock shall entitle the holder thereof to one
vote on each matter properly submitted to the stockholders of the corporation for
a vote; provided, however, that, except as otherwise required by law, holders of
Common Stock shall not be entitled to vote on any amendment (including any
certificate of Jdesignation relating to any series of Preferred Stack) to this
certificate of incorporation that relates solely to the terms of one or more
outstanding series of Preferred Stock if the holders of such affected series are -
entitled, either separately or together as a class with the holders of one or more
other such series, to vote thereon by law or pursuant to this certificate of




2

incorporation (including any certificate of designation relating to any series of
Preferred Stock).

FIFTH: The corporation is to have perpetual existence.

SDVTH: For the management of the business and for the conduct of the affairs of

the corporation, and in further definition, limitation and regulation of the powers of the
corporation and of its directors and of its stockholders or iy class thereof, it is further provided:

1.

The business and the conduct of the affairs of the corporation shall be
managed by or ander the direction of the Board.

Any action required or permitted to be taken by the stockholders of the
corporation must be effected at a duly called annual or special meeting of
stockholders of the corporation and may not be effected by any written
consent by such stockholders.

Special meetings of stockholders of the corporation may be called only by
the Chairman of the Board, the Chief Executive Officer, the President or
the Board acting pursuant to a resolution adopted by a majority of the
Whole Board and any power of stockholders to call o special meeting of
stockholders is specifically denied. Only such business as shall have been
stated in the notive of a special meeting of stockholders shall be
considered at such special meeting. For purposes of this certificate of
incorporation, the “Whole Board” shall mean the total number of
directors then fixed in accordance with this certificate of incorporation,
whether or not there are any vacancies.

SEVENTH.:

Subject to any rights of the holders of any series of Preferred Stock to

elect additional directors under specified circumstances, the number of

directors shall be fixed from time to time exclusively by the Board. The
directors, other than those who may be elected by the holders of any series
of Preferred Stock under specified circumstances, shall be divided into
three classes, as nearly equal in number as possible, with the term of office
of the first class to expire at the corporation’s first annual meeting of
stocklolders following the initial classification of the Board upon the

- effectiveness of this certificate of incorperation, with the term of office of

the second class to expire at the corperation’s second annual meeting of
stockholders following the initial classification of the Board upon the
effectiveness of this certificate of incorporation and with the term of office
of the third class to expire at the corporation’s third annual meeting of
stockholders following the initial classification of the Board upon the

 effectiveness of this certificate of incorporation, and thereafter for each

such term to expire at each (hird succeeding annual meeting of
stockholders afier such election and with euch director to hold office until




EJ

[ ]

his or her successor shall have been duly elected and qualified. At each
annual meeting of stockholders, directors elected to succeed those
directors whose terms expire shall be elected for a term of office to expire
at the third succeeding annual meeting of stockholders after their election,
with each director to hold office until his or her successor shall have been
duly elected and ualified or until his or her death, retirement, resignation
or removal.

Newly created directorships resulting from any increase in the authorized
number of directors or any vacancies in the Board resulting from death,
retirement, resignation, removal from office or other cause may be filled
only by a majority vole of the directors then in offive even though less
than a quorum, or by a sole remaining director, and not by the
stockholders. In the event of any increase or decrease in the authorized
number of directors, (a) each director then serving as such shall
nevertheless vontinue as a director of the class of which he or she is a
member vntil the expiration of his or her current term or his or her prior
death, retirement, resignation or removal and (b) the newly created or
eliminated directorships resulting from such increase or decrease shall if
reasonably possible be apportioned by the Board among the three classes
of directors o as to ensure that no one class has more than one director
more than any other class. To the extent reasonably possible, consistent
with the foregoing rule, any newly created directorships shall be added to
those classes whose terms of office are to expire at the latest dates
following such allocation and newly eliminated directorships shall be
subtracted from those classes whose terms of office are to expire at the

earliest dates following such allocation, unless otherwise provided for

from time to time by resolution adopted by a majority of the directors then
in office, although less than a quorum. In the event of a vacancy in the
Board, the remaining directors, except as otherwise provided by law or
this certificate of incorporation, may exercise the powers of the full Board
until the vacancy is filled. No decrease in the number of directors
constituting {he Board shall shorten the term of any incumbent director.

No election of directors need be by written ballot unless the Bylaws of the
corporation s provide.

No siockholder will be permitted to cumulate votes at any election of
directors. .

" Advance notice of stockholder nominations for the election of directors

and of business to be broaght by stockholders before any meeting of the
stockholders of the corporation shall be given in the manner provided in
the Bylaws of the corporation.
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6. Subject to the rights of the holders of any series of Preferred Stock then
. ouistanding and except as otherwise provided this certificate of
incorporation or required by law, any director, or all of the directors, may
be removed from the Board with or without cause, but only by the
affirmative vote of the holders of at least 58 2/3% of the aggregate voting
power of the then-cuistanding shares of capital stock of the corporation
entitled to vote in the election of direciors, voting together as a single

class.

EIGHTH: The power to adopt, amend or repeal the Bylaws of the corporation
may be exercised by the Board. The stockholders shall also have the power to adopt, amend or
repeal the Bylaws; provided, however, that, in addition to any vote of the holders of any class or
seriez of atock of the corporation required by law or this certificate of incorporation, the
affirmative voie of the holders of at least 66 2/3% of the aggregate voting power of the then-
outstanding voting shares of voting stock entitled to vote generally in the election of directors,
voting together as a single class, shall be required to adopt, amend or repeal all or any portion of
Secfions 13 or 14 of Article IL, Section 2 of Article I1I, Article VII and Section 6 of Article IX
of the Bylaws. ' .

NINTH: A director of the corporation shall not be personally liable to the
corporation or its stockholders for monetary damages for breach of fiduciary duty as a director,
except for lability (a) for any breach of the director’s duty of loyalty to the corporation or its
stockholders, (b) for acts or omissions not in good faith or which involve intentional misconduct
or a knowing violation of law, (¢} under Section 174 of the General Corporation Law of
Delaware, or (d) for any transaction from which the director derived an improper personal
benefit. If the General Corporation Law of Delaware is amended to authotize corporate action
further eliminating or limiting the personal lability of directors, then the lability of a director of
the corporation shall be eliminated or limited to the fullest extent permitted by the General
Carporation Law of Delaware as so amended. Neither any amendment, repeal or modification of
this article nor the adoption of any provision of this certificate of incorporation or the Bylaws of
the corporation inconsistent with this article shall adversely affect any right or protection of a
director of the corporation existing at the time of such amendment, repeal, modification or
adoption.

TENTH: The corporaiion shall, to the fullest extent permitied by the provisions
of Section 145 of the General Corporation Law of the State of Delaware, as the same may be
amended and supplemented, indemnify any person who is or was a director or officer of the
corporation, or is or was serving at the request of the corporation as a director, oflficer or trustee
of another corporation, partnership, joint venture, trust, employee benefit plan or other
enterprise, from and against any and all of the expenses, liabilities, or other matters referred to in
or covered by said section, and the indemmification provided for herein shall not be deemed
exclusive of any other rights to which such persons may be entitled under any Bylaw, agreement,
vote of stockholders or disinterested directors or otherwise, both as to action in his or her official
capacity and as to action in another capacity while holding such office, and shall continue as to a
person who has ceased o be a divector or officer and shall invre to the benefit of the heirs,
executors, and administrators of such a person. Tn addition, the corporation may, to the extent
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authorized from Hme to time by the Board, grant indemnification rights to other employees or
agents of the corporation or other persons serving the corporation and such rights may be
equivalent to, or greater or less than, those indemnification rights of directors and officers set
forth in this article or the Bylaws. Neither any amendment, repeal or modification of this article
nor the adoption of any provision of this certificate of incorporation or the Bylaws of the
carporation inconsistent with this article shall adversely affect any right or protection of a
director or officer of the corporation existing at the time of such amendment, repeal,
modification or adoption.

ELEVENTH: From time to time any of the provisions of this certificate of
incorporation may be amended, altered or repealed und other provisions authorized by the laws
of the State of Delaware at the time in force may be added or ingerted in the manner and at the
time prescribed by said laws; provided, however, that, notwithstanding any other provision of
this certificate of incorporation, or any provision of law that might otherwise permit a leaser vote
or no vole, but in addition to any vote of the holders of any class or series of the stock of this
corporation required by law or by this certificate of incorporation, the affirmative vote of the
holders of at least 66 2/3% of the voting power of the then-outstanding shares of voting stock
entitled to vote generally in the election of directors, voting together as a single class, shall be
required to amend or repeal Article SINTH, Article SEVENTH, Aricle EIGHTH, Article
NINTH, Article TENTH or this Article ELEVEMTH. All rights conferred upon stockholders of
the corporation by this certificate of incorporation are granted subject to the provisions of this
Article ELEVENTH.
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EL TEXTC QUE SIGUE ES TRADUCCION FIEL Y COMPLETA DE UN DOCUMENTO ESCRITO EN INGLES Y
LLEVA SELLQ Y FIRMA DE HELENA URIBE DE LEMOINE, TRADUCTCORA E INTERPRETE OFICIAL, SEGUN
RESOLUCION No. 3518 EXPEDIDA POR EL MINISTERIO DE JUSTICIA EL & DE SEPT. DE 1972,

TRADUCCION DE LOS SELLOS QUE SE ENCUENTRAN EN EL
DOCUMENTO DE REPRESENTACION Y PODER OTORGADO POR
TARGACEPT, INC., DOMICILIADA EN 200 EAST FIRST STREET, SUITE 300
WNSTON-SALEM, NORTH CAROLINA 27101-416%, ESTADOS UNIDOS DE
AMERICA, PARA LA RATIFICACION DE LA SOLICITUD DE PATENTE NO.
09.086.252 RADICADA POR EMILIO FERRERO EL 1° DE JUNIO DE 2009, A
LOS DOCTORES LUZ CLEMENCIA DE PAEZ, DANIEL PENA Y GERMAN
MARIN

DADO Y FIRMADO EL 3 DE AGOSTO DE 2009

FIRMADO: WILLIAM S. CALDWELL, PH.D.
VICEFRE wIDENTE DESARROLLS Y DESCUBRIMIENT DE MEDICAMENTOS

ESTADQ DE CAROLINA DEL NORTE
CONDADO DE FORSYTH

YO, EL SUSCRITO, NOTARIO PUBLICO PARA LA MENCIONADA
JURISDICCION, POR MEDIO DEL PRESENTE CERTIFIC:O QUE WILLIAM
S. DALDWELL, QUIEN PERSONALMENTE COMPARECIO ANTE Mi ESTE
DIA. EN SU CALIDAD DE VICEPRESIDEMTE, DESAPROLLD ¥
DESCUBRIMIENTY DE  MEDICAMENTDS, DE TARGACEPT INC.,
DEBIDAMENTE AUTORIZADD Y RECONOCIO LA DEBIDA EJECUCION DEL
ANTERIOR DOCUMENTO.

FECHA: 3 DE AGOSTO DE 2008

FIRMADD: JULIE F. CRAYNE, NOTARIO
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CON COMISION HASTA EL 21 DE JUNIO DE 2012.

HAY SELLO DE NOTARIO

7
/ /,{//77 W
L5, COMDNOTARIX SEXTA D 060
S G HAGD CONSTAR QUE LA7 o8 o ]

-ORIQINAL OV S HE  TERIDO A% LA
mti“c‘{’armmﬁmr“}%ﬁéeu

RO




TRADUCCION OFICTIAL NO.782/2009.-

_ ESTADO DE CAROLINA DEL NORTE
DEPARTAMENTO DEL SECRETARIO DE ESTADO

APOSTILLA

CONVENIO DE LA HAYA DEL 5 DE OCTUBRE DE 1961
1. PAIS: ESTADOS UNIDOS DE AMERICA

EL PRESENTE DOCUMENTO PUBLICO

2. HA SIDO FIRMADO POR: JULIE P. CRAYNE '
ACTUANDO EN SU CAPACIDAD DE: NOTARIO PUBLICO CON
COMISION HSTA EL 8/21/2012
4. LLEVA EL SELLO DE: CONDADQ DE FORSYTH, CA
NORTE.
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| CERTIFICADO
5. EN: RALEISGH, CAROLINA DEL NORTE
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7. POR: EL SECRETARIO DE ESTADO O EL SECRETARIO DE ESTADO
DELEGADO, DEL ESTADO DE CAROLINA DEL NORTE
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DELAWARE
EL PRIMER ESTADO

¥, JEFFREY W. BULLOCK, SECRETARIO DE ESTADO DEL ESTADD DE
DELAWARE, POR MEDIDQ DEL PRESENTE CERTIFICZO QUE LAS COPIAS
DE LOS DOCUMENTOS ADJUNTQS SON COPIAS VERDADERAS Y
CORRECTAS DE TODOS LOS DOCUMENTOS RADICADOS, INCLUYENDOQ
CERTIFICADO DE CONSTITUCION RECONFIRMADO O UNA CESION CON
EL CERTIFICADO RECONFIRMADO ADJUNTO DE TARGACEPT, INC., TAL
COMO FUE RECIBIDO Y RADICADO EN ESTE DESPACHOQ.

LOS SIGUIENTES DOCUMENTOQS HAN SIDO CERTIFICADQS:

CERTIFICADO RECONFIRMADO, RADICADO EL 15 DE ABRIL DE 2006 A
LAS 11:43 A.M.

FIRMADO: JEFFREY W. BULLOCK, SECRETARIO DE ESTADOQ
AUTENTICACION NUMERO: 7443551

FECHA: 07/28/09

HAY SELLC EN RELIEVE DEL SECRETARIO DE ESTADO -
2725640 3100X 090733730
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. ESTARO DE DELAWARE
SECRETARIO DE ESTADC

DIVISION DE SOCIEDADES
ENTREGADO A LAS 11:47 AM 04/18/2006
RADICADO 11:43 AM 04/108/2006

SRV 060352269 —ARCHIVO 2725640

CUARTO CERTIFICADO DE CONSTITUCION MODIFICADO Y
RECONFIRMADO DE TARGACEPT, INC.

De co nfr»lml-ia.l con la Seccidn 242 y la Seccidn 245 de fa Ley General de
Soniedades del Estado de Delaware ("DGCL") Ia sociedad suscrita s& permite
someter &l s

Constitucidn, tal como el mismo ha sido enmendado y por medio del presente

iguientz texto con el fin de modificar y confirmar su Certificado de

certifica 1o siguiente.

1. El nombre de la scociedad es Targacept, Inc. El Certificadn de
Constitucién Original de la Sociedad fue radicado &l 7 de Marzo de
1997.

2. El Certificado de Constitucidn de la Sociedad se modifica y confirma en

su totalidad tal como se estipula en el texto del Cuarto Certificado de
Constitucién Modificads y Reconfirmado  adjunto al present2 como
Anexo A.

2. Est= Cuarto Certificado de Constitusion Modifizado 'y Reconfirmado

adjunto fue debidamente adoptado de conformidad con las Secoiones

245(c), 242y
radicacion.

il
228

de la DGCL y sera efectivo desde 2l momento de su

En testimonio de o anterior  la sociedad Targacept, Inc., ordena que el

preser
firmada por su President2 y Director Ej=cutivo a los 18 dias del mes de Abril de
2006. '
TARGACEPT, INC/
FIRMADQ: J. DONALD DE RETHIZY TR

<

¢
FRESIDENTE Y DIRECTOR EJECUTIVO Kf-\
RES No

ite Cuarto Certificado de Constitucién Modificado y Reconfirmado sea
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ANEXO A
CUARTO CERTIFICADO DE CONSTITUCION MODIFICADO Y
RECONFIRMADO
DE TARGACEPT, INC.

PRIMERO: El nombre de sociedad (de aqui en adelant= llamada la “Sociedad”)
es Targacept, Inc.

SEGUNDO: la direccion, incluyendo la calle, el namero, la ci(lclaci y el Condado
11
Centerville Road, Suite 400, Ciudad de Wilmington 19308, Condado de New

~

d
de la oficina registrada de la sociedad en el Estado de Delaware, es 2

Castle, y el nombre del Agents registrado de la Sociedad =n el Estado de
Delaware en dicha direccién es Corporation Service Company.

TERCERO: El ohjeto de la sociedad es comprometerse en cualquier actividad
l=gal para la cual pusdan  constituirse las sociedades hajo la Ley General de
sSociedades del Estado de Delaware, tal como las mismas existen en la

actualidad o pu=sdan ser modificadas en el futuro.

Los cargos directivos recién creados resultantes de cualquier aumento en el
nimero de ;Iirec:tores autorizados o de una vacante en la Junta que resulte por
conceptd de muerte, retiro, renuncia, remocion de un funcionario o por
cualcuisr otra «:':ausa, pueds llenarse Unicament2 mediante el voto mayaritario
de los directores que se encuantren en gjercicio del carge, aun si son menos de
un gudrum, o por el Unico director restante pero no paor los accionistas. En caso
de cualquier aumento o disminucién en el ndmero de directores autorizados:

(a) cada director que preste sus servicios como tal debera continuar como
director de la clase de la cual es miembro hasta la expiracién de su cargo
actual, o su muerte, retiro, renuncia o remocion; y (b) el recién creado o
eliminado director que resulte de dicho aumento o disminucién debera, si fuere

razonablemante posible, s=r nombrado por la junta de entre las tres clases de

directores de tal manera que se garantice que ninguna de las clases tendra un
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consistente con la norma anterior, cualquier cargo directivo recién creado sera
agregado a aquellas clases cuyos términos del cargo expiraran en las Gltimas
fechas siguientas a dicha asignacién, y los cargos directivos recién eliminados
se restaran de aquellas clases cuyos términos del cargo expiraran en las
fechas mas tempranas después de dicha asignacion, a menos que se disponga
en forma distinta periddicamente madiante resolucién debidamente aprobada
por uha mayoria de los directores que se encuentren en ejercicio del cargo,
aunque haya menos del quérum. En casc de una vacante en la junta, los
directores restantes, salvo que se dispone en forma distinta por ley o en «l
certificado de 'constitucién, podran ejercer los poderes de la junta en pleno,
hasta que la vacants sea llenada. La disminucién del numere de directores que

constituyen la Junta, no disminuye la vigencia de un director titular.

Baadins
,f"f('\:"?.g.‘g
A
-
/7 uyf RES Ho
A b 2516
74_,_»27 , T OSERPT 6107 e
/ . ]f MINISTERIQ  /
JUSTICIA

2
» "). "/

Y
VO e A
R



w0 20097018511 A3 I AL IM0L 0T U000 A O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intcllectual Property Organization /.
International Burcau

(43) International Publication Date
5 February 2009 (05.02.2009)

(10) International Publication Number

WO 2009/018511 A3

(51) International Patent Classification:
AGIK 314545 (2006.01)  AolP 25/00 (2006.01)
AGIP 3/00 (2006.01) AGIP 43/00 (2006.01)

AG1P 3710 (2006.01)
(21) International Application Number:
PCT/US2008/071893
(22) International Filing Date: 1 Auaust 2002 (01.02.2002)
(25) Tiling Language: Englich
(26) Publication Language: Englich

(30) Priority Data:

60/953,610 2 Augusi 2007 (02.02.2007) 115
£0/953,613 2 Auglﬁ-:t 2007 (02.02.2007) U5
60/953,614 2 Auguci 2007 (02.02.2007)  US
60/971,654 12 Septeimber 2007 (12.09.2007)  US

(71) Applicants (for all designaed Siaizs exceepr US)s TAR-/
GACEPT, INC. [US/UC]; 200 Eact Firsi Sireet, Suiie 300,
Winston-salein, 1loiih Carolina 27101 (US). MEDICA'f,
COLLEGE OF GEORGIA [US/IS]; Office of Technd]-
ogy Transfzr, 1120 15ih Sirect, ©A-2126, Augona, Geor~
gia 30912 (US).

(72) Inventors; and

(75) Inventors/Applicanis (jor US only): BENCHERIY, Mer-
ouane [US/US); 104 Brampion Couri, Winsion-salem,
North Carolina 27106 (U5). MARRERQO, Mario B.
[US/UE]; 4420 Andover Drive, Evanz, Georgia 30809
(US).

(74) Agent: MASSLY, JR: Carl B.; WOMELE CARLYLE

SANDRIDGE S TICE, PLLC, Auention: Patzm Dockat-

ing, r/r, 9637 Ailanta, Geofzia 30357 (US).

(81) Desjgpiited States funless oll}(?m'i:s indicatzd, for zvery
kirg of naiional provecrion availalile): ALL, AG, AL, AM,
A0, AT, AU, AL BA, BE, BG, BH, Bl BW, BY, B, CA,

V' /CH, CI, CO, CR, CU, CZ,DE, I, DM, DO, DZ, EC, EE,

//“ . BG, 83, FI, GB, GD, GE/GH, GM, GT, HH, HE, HU, 1D,

IL, T IG, IR B, I:G,’,}'fl'vf, I EE EF, EE LA LCLE,
LL, L5, LT, LU, LY, MA, MD, ML, 1MG, ME, M1, MW,
MY, MY, MZ, 114, 11G, 1T, 110, 112, OM, PG, FH, L, T,
Do T3, T, 5, ’f-]f", OL, &G, 8K, 5L, &M, 5T, &V, 37, T,
™, T, TF, ﬁ, T2, UA TG, US, U, VC, VI 74 TM,

ZW. e

[Continued or next page]

(54) Title: ALPHAT HACHD AGOHIZTS FOF TREATING OF PEEVENTINNG METABOLIC DISCRDERS

FIG. 1

(87) Abstract: The present invention
includzs methods, uses, and celective a7
nACHP. agonist compounds for treating
or preventing metabolic disorders.

—— 1 mg/kg Vehicle DB/db (Lean) (n=1{)
o— 1 mg/kg[cmpd A [DB/db (Lean) {n=10)
—&— 1 mgkg Vehicle dvdb (Fat) (n=10)

—¥— 1 mg/kg{Cmpd A lawan (Faty (n=10)

60
.z
£ s
‘&D o
s E
L =
25>

Week of Age

L



VA

WO 2009/018511 A3 [ MW 0I0EH0 0000000 000 00O 0

(84) Designaied States (unlzss oihznvis: indicated, jor svery  —  asto the applicant’s antitl 2ment to clain the priorvity of the
kind of regional proteciion availablz): APIPO (BW, GH, zarlizr application (Rule 4.17(iii))
G4, KL, LS, MW, MZ, 114, SD, 5L, 5T, T2, UG, 7IM,
ZW), Euirasian (AM, 87, EY, EG, 122, MD, PU, T1, TI),  Published:

European (AT, BE, BG, CH, C CZ, DE, DV, EE, BS, FI,  —  wish international scarch repore :

FF,GB, GF,HE, HIULTE, IS, IT, LT, LU, IV MC, MT, ML,  —  bafore the cspiration of the time limit for amending thz
NG, PL, T, IO, SE, OL, OF, TR), QAPL (BT, EJ, CF, <G, claims and 1o be republizhed in the ovent of receipt of
CI, CM, GA, G117, G, GW, ML, MD, 1TE, O, TD, TG). aricndments

Declarations under Rule 4.17:
— as to applicani’s encidlament to apply for and b granied @ (8S) Date of publication of the international search report:

patent (Rule 4.17(ii)) 23 April 2009



(]

10

~

=U

-

et

30

Lo
o

Sy

WO 2009/018511 PCT/US2008/071893

TREATMENT WITH a7-SELECTIVE LIGANDS

Cross-Reference to Related Applications

The present applicaiion claims bensfit to U.S. Provisional Application Serial Mos.
GO/OT 1, A5, filed September 12, 2007; 30/953,310, filed August 2, 2007; 50/953,513, filsd
August 2, 2007; and 60/953,014 filed August 2, 2007, each of which is incorporated herain

by refarence in its entiraty.

Field of the Invention
The prasent invention includes methods, uses, and selective «7 nAChR agonist
compounds for treating or preventing metabolis disorders.

Background

Many patisnts who have insulin resistancz or Type 2 diabetes mellitus (T2DM) often
hava several symptoms that togsther are referred to as syndrome X, or metabolic syndrome.
Matabwlic syndrome is a combination of madical disorders that incraase the risk for
cardiovascular diszase and diabetes. Metabolic syndrome affects as mush as 25% of the
us population and i3 known by varicus other namss such as (matabalic) syndrome X, insulin
resistance syndrome, or Reaven's syndroma. A patient diagnosed with metabolic syndrome
typical exhibits three or morz symptoms selacted from the following grouy of five symptoms':
(1) abdominal obasity; (Z) hypertriglyseridemia; (3) low high-density lipopratein cholestarol
(low HDL); (-1) high blood pressure; and () elevated fasting glucose, which may be in the
range charactaristic of Type 2 diabeles. Each of these symptoms is definad in the recently
releasad Third Repart of the Nafional Cholesteral Education Program Expart Panal on
Detaction, Evaluation and Treatmiznt of High Blood Cholesterol in Adults (Adult Treatment
Panel I, or ATP Ill), Hational Institutes of Health, 2001, NIH Publication Mo. 01-3670, herein
incorporated by referance with regard to the d=finition of matabolic syndroma and its

symptoms. Symptoms and fzatures include diabetss mellitus type 2, insulin resistance, high

blood pressure, fat deposits mainly around the waist, decreased HDL, slevated triglycaridas,
and elevated uris acid levels. Primary clinical prablems are obesity and the high incidance of
diahetas, a eondition secondary to the insulin rasistant state caused by Gxcess adiposity.
Insulin resistance in skeletal muscls, liver and adipose tissus impedes glucose disposal and
resulis in the release of fras fally acids and the characteristic trigiyceride dyslipidemia
associated with the metabolic syndrome. Elevations in jsost-prandial and ultimately fasting
glucoss lavels result in compensatory hyperinsulinemia, a condition which causes f-call
hypartrophy and eventual failure of the Isists and frank type 2 diabetes. Different

1
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quantitativa inclusion criteria for matabolic syndrome have been proposed by the National
Diabetes Federation, the World Health Organization, the European Group for the Study of
Insulin Registance (1699) and the National Cholesterol Education Program Adult Treatment
Panel 1l (2001). Palients with metabolic syndrome, whether or not they have or develop
overt diabetes mellitus, have an increased risk of developing the macrovascular and
microvascular complications that occur with type 2 diabetics, such as atherosclerosis and
coronary heart disease. ‘

In addition to tha hyperglycemia experienced with diabetes mellitus and metabolic
syndrome, certain drug therapies can cause similar symptomatic effects. Statins, otherwisz
referred to as 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, are
potent inhibitors of cholestercl synthesis that are extensively used in the treatment of
hypercholssterolemia. Several studies have demonstrated the heneficial effects of statins in
reducing cardiovascular morbidity and mortality. Thers i recent evidence however, from
clinical and preclinizal studies, that treatment with statins has unwanted effects, including
increased glycemia. See, fior example, Ohmura et al., Acute Onsat and Worsening of
Diabetes Concurrent with Administration of Statins, Endocrine Journal, 52: 269-272, 2005,
Sasaki el al., Statins: Beneficial or Adverse For Glucose metaholism (review), Journal of
Atherosclerosis and Thrombosis 13: 123-129, 2006; Takano et al., Influence of Statins on
Gluzose tolerance in Patiants with Type Il Diabetes mellitus, Journal of Atherosclerosis and
Thrombosis 13; 95-100, 2006; and Nakata et al., Effects of Statins On the Adipocyte
Maturation and Exprassion of Glucose Transporter -1; Implications in Glyzemic Control,
Diabetolagia 49: 1381-1892, 2006.

In addition to hyperglycemia, there is evidence from epidemiological studies that
long-term treatment with statins has unwanted effects like increasing the risk for Alzheimer
Diszase. Nicotine has been found to inhibit death of PC12 cells cultured in serum-free
medium. Furtharmore, the selective u7 receptor agonist, 3-(4)-dimethylaminocinnamylidine
anabaseine (DMAC), and the nAChR (including the «7 subtype) activator, ABT-41€, have
also baen reportzd to evert cytopratective effects. It was also recently shown that nicotine
activates the growth promating enzyme janus kinase 2 (JAK2) in PC12 cells, and that pre-
incubation of these cells with the JAKZ specific inhibitor AG-490 blocks the nicoline-induced
activation of neuroprotective signaling cascades.

| The following references are incorporated by reference with regard to a background
understanding of relevant disease, as well as management and prevention: Banes AK, Shaw
S, Jenkins J, Radd H, Amiri F, Pollock DM and Marrero MB, Angiotensin Il blockadle
pravanls hyperglycemia-induced activation of JAK and STAT proteins in diabwstic rat Kidney
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glomerul, Am J Physiol Renal Physiol 286: FE53-FA56, 2004; Bartholomeusz C. ltamochi H,
Yuan LY, Esteva FJ, Wood CG, Terakawa N, Hung MC and Ueno NT, Bal-2 antisense
oligonucleotice overcomes resistance to E1A gene therapy in a low HERZ-exprassing
ovarian cancer xencgraft model, Cancer Res 65: 8408-8413, 2005; Cho-Chung Y'S, Park: YG
5 and Lee YN, Oligonucleclid=s as transcription factor decoys, Curr Opin Mol Ther 1: 386-392,
1929; Danesh FR, Sadeghi MM, Amro N, Philips C, Zeng L, Lin S, Sahai A and Kanwar Y'S.
3-Hydroxy-3-methylglutaryl CoA reductase inhibilors prevent high glucose-induced
praliferation of mesangial cells via modulation of Rho GTPase/’ p21 signaling pathway:
Implications for diabatic nephropathy, Proc Natl Acad Sci U S A ©9: 8301-8305, 2002; de

10 Fiebre CM, Meyer EM, Henry JC, Muraskin SI, Kem WR and Papke RL. Characterization of
a series of anahaswsina-derived compounds reveals that the 3-(4)-
dimethylaminocinnamylidine denivativia is a selectivie agonist at neuronal nicatinic «7/125/-i-
bungarotoxin receptor subtypes, Mol. Pharmacol. 47: 164-171, 1995; Deigner HP,
Haberkorn U and Kinscherf R, Apoptosis modulators in the therapy of neurodeganerative

15  diseasas, Expart Opin. Investig. Drugs ©: 747-764, 2000; Donnlly-Roberts DL, Xue IC,
Arneric SP and Sullivan JP, In vitro nauroprolactive properties of the novel cholinargiz
channel activator (ChCA), ABT-413, Brain Res 719: 36-44, 1696; Epstein M and Campease
VM, Pleiotropic affacts of 3-hydroxy-3-methylylutaryl coenzyme a reductase inhibitors an
renal function; Am J Kidney Dis 45: 2-14, 2005; Garcia-Roman M, Alvarez AM, Toro MJ,.

29 Montas A and Lorenzo MJ, Lovastatin Induces Apoptosis of Spantaneously Immortalized
Rat Brain Neuroblasts: Involvement of Nonsterol Isopranoid Biasynthesis Inhibition,
Molecular and Callular Neuroscience 17: 328-341, 2001; Kastelein JJ, The future of lipid-
lowaring therapy: the big picture, Neth J Med 61: 25-39, 2003; Kirito K, Watanabe T,
Sawada K, Endo H, Ozawa K and Komatsu N, Thrombopoietin regulates Bol-xL gene

(A

expression through Stat5 and phosphatidylinositol 3-kinase activation pathways, J Biol
Chem 277: 8326-8337, 2002; Li P, Mijhawan D, Budihardjo 1, Srinivasula SM, Ahmad M,
Alnemri ES and Wang X, Cytochrome ¢ and dATP-dapendent formation of Apaf-1-caspass-9

P

complex initiates an apoptotic protease cascads, Cell @1: 479-489, 1697, Li Y, Higashi Y,
Itabe H, Song YH, Du J and Delafontaine P, Insulin-Like Growth Factor-1 Raceptor
Activation Inhibits Oxidized LDL-Induced Cytochrome C Release and Apoptosis via the
Phoasphatidylinositol 3 Kinase /At Signaling Pathway, Arterioscler Thromb Vasc Biol 23:
2178-2184, 2003; Mata P, Alonso R and Badimon J, Benefits and risks of simvastatin in

4

]

patients with familial hypercholesterolasmia, Drug Saf 26: 769-786, 2003; McKay DM,
Botztho F, Ceponis PJ and Richards CD, Superantigen immune stimulation activates
3% epithelial STAT-1 and Pl 3-K: Pl 5-K regulation of permeability, Am J Physiol Gastrointest
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Liver Physiol 278: G1064-G1103, 2000; Meske V, Albert F, Richier D, Schwarze J and Ohm
TG, Blockadle of HMG-CoA raductase activity causas changes in microtubule-stabilizing
protain tau via suppression of geranylgeranyipyrophosphate formation: implic.atiohs for
Alzhaimer's disaase, European Journal of Meuroscience 17: 92-102, 2003; Newman MB,
Arendash GW, Shytle RD, Bickford PC, Tighe T and Sanberg PR, Nicotinz's oxidative and
anticoxidant properties in CNS, Life Sciences 71: 2807-2820, 2002; Marrero MB, Papke RL,

Bhatti ES, Shaw S, Bencherif M. The neuroprotzctive effsct of 2-(3-pyridyl)-1-

* azabicyclof3.2.2Jnonane (TC-1698), a noval alpha? ligand, is prevented through angidtensin

Il activation of a lyrasine phosphatase. J. Pharmacol Exp Ther. 2004 Apr,309(1):16-27;
Yamashita H, Makamura S. Nicotine rescues PC12 cells from death induced by nense
growth factor deprivation. Meurosci. Lett. 1996 Aug 2;213(2):145-7; Isomaa, B. A major
hezalth hazard: the metabolic syndrome. Life Sci. 73, 2395-2411 (2003); Sykiotis,G.P. &
Papavassiliou, A.G. Serina phosphorylation of Insulin Receptor Substrate-1. A novel targat
for the reversal of insulin resistance. Mol. Endocrinol. 15, 1864-1869 (2001); Dandona, P.,
Aljada, A. & Bandyopadhyay, A. Inflammation: the link hetween insulin resistance, obasity
and diahates, Trends Immunol., 25, 4-7 (2004); Miao, F.J.P., Green, P., Benawitz, N. b
Levine, J.D., Vagal modulation of spinal nicolins-induced inhibition of the inflammatory
response mediatad by descending antinocicaptive controls, Meuropharmacology, 48, 605-
611 (2003); Barovikava, L.V. et al., Role of vagus nenve signaling in CNI-1-193-mediated
suppression of acute inflammation, Autonomic Neurosci.: Basic and Clinical, 85, 141-147
(2000); Borovikova, L.V. et al., Vagus nerve stimulation aftenuates the systemis
inflammatory rasponse to endotoxin, Nature, 405, 458-462 (2000), Wang, H. et al., Nicotinic
acelylcholine raceptor a7 subunit is an essential regulator of inflammation, Nature, 421, 364-
367 (2003); de Jonge, W.J. & Wloa, L., The alpha? nicotinic acelylcholine raceptor as a
pharmacalogical target for inflammation, British J. Pharmacol., 151, 915-929 (2007);
Fornari, A. et al., Nicotin2 withdrawal increases hody weight, nauropeptide Y and Agouti-
related protein exprassion in the hypothalamus and decreases uncoupling protein-3
axprassion in the brown adiposa tissue in high-fat fad mice, Meurosci. Lett., 411, 72-76
(2007); Asante-Appiah, E. & Kennedy, B.P., Protein fyrosine phosphatases: the quast for
negativ regulators of insulin action, Am. .J. Physiol. Endacrinol. Matabol. 234, EG63-E670
(2002); Elchebly, M. &t al., Increased insulin sensitivity and obesity resistancs in mice
lacking the protein tyrosing phosphatase-1B gene. Science, 283, 1544-1548 (1999); Dube,
N. & Tremblay, M.L., Bayond the metaholic function of PTP1E, Cell Cycla, 3, 550-553
(2004); Uysal, K.T., Wiesbroack, S.M., Marino, M\W. & Hotamisligil, G.S., Protaction from
obesity-inducad insulin rasistance in mice lacking TNF-a function, Nature, 389, 610-614
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(1997); Gallowitsch-Puerta, M. & Tracey, K.J., Immunologic role of the cholinergic anti-
inflammatory pathway and the nicotinic acetylcholineg alpha 7 receptor, Ann. N.Y. Acad. Sci.
1062, 209-19 (2005); Shaw, S., Bencherif, M. & Marrero, M.B., Janus kinase 2, an early
target of a7 nicotinic acetylzholing receptor-mediated neuroprotection against AL-(1-42)
amyloid, J. Biol. Chem., 277, 44920-44924 (2002); de Jonge, W.J. et al., Stimulation of the
vagus nerve attenuates macrophage activation by activating the Jak2-STAT3 signaling
pathway, Mat. Immunol., 6, 844-51 (2005); Ahima, R.S., Qi, V. & Singhal, N.S., Adipokinas
that link obesity and diabetas to the hypothalamus, Prog. Brain Res., 152, 155-174 (2006);
Kenner, KA., Ezenta, A., Olefsky, J.M. & Kusari, J., Protein-tyrosine phosphatase 1Bis a.
negative regulator of Insulin- and Insulin-like Growth Fastor-I-stimulated signaling, J. Biol.
Chem. 271, 16810-19816 (1296); Klaman, L.D. =t al., Increased energy expenditurs,
dacreased adiposity, and tissue-spanific insulin sensitivity in Protein-fyrosine Phosphatase
1B-deficient mice, Mol. Cell. Biol., 20, 5479-5429 (2000); Dadke, S., Kusari, J. & and
Chernaff, J., Down-regulation of insulin signaling by Protein-lyrosine Phosphatase 1B is
medliatad by an N-terminal binding region, J. Biol. Chem., 275, 23642-23647 (2000), Cheng,
A. et al., Attenuation of leptin action and regulation of ohesity by Protain- tyrosine
Phosphatase 1B, Dev.Cell, 2, 497-803 (2002); Myers, M.P. et al. TYKZ and JAK2 are
substratas of Protein-tyrosine Phosphatase 1B, J. Biol. Chem., 276, 47771-47774 (2001),
and Bence, K.K. et al., Neuronal PTP1B ragulatas body weight, adiposity and leptin action,
MNat. Med., 12, 917-24 (200€).

Summary of the Invention

One aspact of the present invention includes a method for treating or preventing
metabolic disorders comprising the administration of a selective a7 nAChR agonist.

Another aspect of the present invention includes a method for treating or preventing
drug-induced central nervous system disordars comprising the administration of a selebtive
a7 nAChR agonist.

In one embodiment, the «7 nAChR agonist is Compound A, Compound B, or
Compound C, or a pharmaceutically acceptable salt thersof. In one embodiment, the «7
nAChR agonist is Compound C or a pharmacautically acceptable salt thereof.

In one embodiment, the metabolic disorder is one or more of type | diabetes mellitus,
type I diabetes mellitus, metaholic syndrome, atherosclerosis, obasity, and hyperglycemia.
In a further embodiment, the hyperglycemia is a result of statin therapy.

In one embadiment, the drug-induced central nervous system disorder is a result of

statin therapy.
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One aspect of the present invention is a method for treating or preventing a

metabolic disorder comprising the administration of
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or a pharmaceutically acceptable salt thereof. In one embadiment, the metabolic disorder is
5 one or more of type | diabetes mellitus, type Il diabetes mellitus, metabolic syndrome,
atherosclerosis, obesity, and hyperglycemia. In one embodiment, a daily dose is from about
0.001 mg/kg to about 3.0 mg/kg.
One aspect of the present invention is use of a selective o7 nAChR agonist in tha
manufacture of a medicament for treating or preventing metabolic disorders.
10 Ancther aspect is use of a selective a7 nAChR agonist in the manufacture of a
medicament for treating or preventing drug-induced central nervous system disorders.
In one embodiment, the a7 NAChR agonist is Compound A, Compound B, or
Compound C, or a pharmaceutically acceptable salt thereof. In one embodiment, the a7
nAChR agonist is Compound C or a pharmaceutically acceptable salt thereof.
15 In one embadiment, the metabolic disorder is one or more of type | diabetes mellitus,
type Il diabetes meliitus, metabolic syndrome, atherosclerosis, obesity, and hyperglycemia.
In one embodiment, the hyperglycemia is a result of statin therapy. In one
embodiment, the drug-induced central nervous system disorder is a result of statin therapy.
Another aspezct of the present invention is use of Compound C:
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or a pharmaceutically accepiable salt thereof in the manufacture of a medicament for
treating or praventing a metabolic disorder. In one embodiment, the metabolic disorder is
one or more of type | diabetes mellitus, typ= |l diabetes meallitus, metabalic syndrome,
atherosclerosis, obasity, and hyparglycemia. In ons embodiment, a daily dose is from about
0.001 mg/kg to about 3.0 mg/kg.

Another aspect of the present invention is a selective a7 nAChR agonist compound
for use in treating or preventing metabolic disorders.

Another aspect of the present invention is a selective a7 nAChR agonist compotind
for use in treating or prevanting drug-induced central nervous system disorders,

In one embodiment, the a7 nAChR agonist is Compound A, Compound B, or
Compound C, or a pharmaceutically acceptalile salt thereof. In one embodiment, the a7
nAChR agonist is Compound C or a pharmaceutically acceptable salt thereof.

In one embodiment, the metaholic disorder is one or more of type 1 diabetes mellitus,
type Il diabetes mellitus, metabolic syndrome, athe'ros«:lerosis, obesity, and hyperglycemia.

In one embodiment, the hyperglycemia is a result of statin therapy. In one
embcdiment, the drug-induced central nervous system disorder is a result of statin tharapy.

Another aspect of the present invention is a selective a7 nAChR agonist compound

N=

Z
v,
-

v
"

\ /%
oy

or a pharmaceutically acceptable salt thereof for use in treating or preventing a metabolic

disorder. In on2 embaodiment, the metabolic disorder is one or more of type | diabetes

mellitus, type |l diabetes mellitus, metabolic syndrome, atherosclerosis, obesity, and
I1yperglycén1ia. In one embodiment, a daily dose is from about 0.001 mg/kg to about 3.0
mg/kg.

The scops of the present invention includes combinations of aspects, embodiments,

and preferences herein described.

Brief Description of the Figures
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The Figures describs results obtained according to particular embodiments of the
invention and exemplify aspacts of the invention but should not be construed to be limiting.

Figure 1 is a graphic representation showing the effects of Compound A on bady
weight in obese db/db mice.

Figure 2 is a graphic representation showing the effects of Compound A on plasma
glucose in abasea db/db mice.

Figurs 3 is a graphic repfesentation showing the effects of Compound A on fond
consumption in obese db/db mice.

Figura 4 is a graphic representation showing the effects of Compound A on body
weight in obese db/db mice.

Figure 5 is a graphic representation showing the effects of Compound A cn glucose
levels in obese db/db mice.

Figur= 6 is a graphic representation showing the partial inhibition of the effects of
Compound A or food consumption in obese diz/db mice of the JAKZ tyrosine
phasphorylation inhibitor AG-490. AG-490, a known inhibitor of JAKZ tyrosine
phosphorylation, partially inhibits effects of Compound A.

Figuras 7A and 7B are graphic represantations showing the effects of JAK2 lass-of-
function on multiple low dose (MLDS) STZ-induced diabetes (Fasting Blood Glucosé) in
mice in the presence or absance of Compound A.

Figuras 2A and 8B are graphic representalions showing the effects of JAK? loss-of-
function on multiple low dose (MLDS) STZ-induced increase in HbA1¢ in mica in the
presence or absence of Compound A. ‘

Figur=s 9A and 9B ara graphic representalions showing the effects of JAKZ Inss-of-
functicn on multiphs low dose (MLDS) STZ-induced decrease in plasma insuiin in mice in the
presernice or absence of Compound A.

Figurss 10A and 10B are graphic representations showing the effects of JAK2 loss-
of-function on multiple low dose (MLDS) STZ-induced increase in plasma TNFc in mice in
the presence or absence of Compotind A.

Figure 11 is a graphic representation showing the effects of Compound B on fond
consumption in db/db mice. Results represent the mean +/- SEM of &ight treated mice and
are expressad as food consumed in grams/day. Fat mice show a significant increase in food
consumption (*P < 0.01) which was significantly inhibited by Compound B trealment (+P <
0.01).

Figura 12 is a graphic representation showing the effects of Compound B on hody
mass in db/db mice. Resulls represent the mean +/- SEM of eight treated mice and are
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expressed as their body mass in grams. Fat mice show a significant increase in body mass
(*P < 0.01) which was significantly inhibited by Compound B (+P < 0.01).

Figure 13 is a graphic representation showing the effzcts of Compound B on plasma
blood glucose (BG) in db/db mics. Results represent the mean +/- SEM of eight treated
mics and are sxpressed as mg/dL. Fat mice show a significant increase in BG (*P < 0.01)
which was significantly inhibited by Compound B treatment (+P < 0.01).

Figure 14 is a graphic representalion showing the effects of Compound B on plasma
triglyberides (TG) in db/db mice. Results represent the mean +/- SEM of sight treated mice
and are expressed as mg/dL. Fat mice show a significant increase in plasma TG (*P < 0.01)
which was significantly inhibited by Compound B treatment (+P < 0.01).

Figure 15 is a graphic representation showing the effects of Compound B on plasma
glycosylated hemaglobin (Hb1ac) in db/db mics. Results represent the mean +/- SEM of five
treated mice and are evpressed as %. Fat mice show a significant increase in plasma HbA1¢c
(*P < 0.01) which was significantly inhibited by Compound B treatment (+P < 0.01).

Figure 16 is a graphic representation showing the effects of Compaund B on plasma
TNF« in db/db mice. Results represent the mean +/- SEM of five treated mice and are
evpressed as pg/ml. Fat mice show a significant increase in TNFa (*P < 0.01) which was
significantly inhibited by Compound B treatment (+P < 0.01).

Figure 17 is a graphic reprasentation showing ths effects of Compound B on the
Glucose Tolerance Test (GTT) in db/db mice PTP-1B WT mice. Results represent the maan
+/- SEM of four treated mice and are expressed as mg/dL. Fat mice show a significant
increase in glucose levels(*P < 0.01) and a significant effect with Compound B treatment (+P
<0.01).

Figure 18 is a graphic representation of the =ffects of simvastatin, referred generally
as "statin,” and Compound A on body mass in db/db mice. Results reprasent the mean +/-
SEM of =ight treated mice and are exprassed as thair body mass in grams. Fat mice show a
significant increase in body mass (*P < 0.01) which was significantly inhibited by Compound
A (+P < 0.01). Simvastatin alone did not significantly inhibit the increase in hody mass (#P >
0.05). However, lhe combination of simvastatin and Compound A had a significant effect in
lowering the body mass compared to simvastatin alone (**P < 0.01).

Figure 19 is a graphic representation of the effects of simvastatin, referred ganarally
as “statin,” and Campound A on food consumption in db/db mice. Results represent the
mearn +- SEM of eight trzated mice and are expressed as food consumed in grams/day.
Fat mice show a significant increase in food consumption (*P < 0.01) which was significantly
inhibited by Compaund A (+P < 0.01). Simvastatin alone did not significantly inhibited the
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increased in food consumption (#P > 0.05). However, the combination of simvastatin and
Compound A had a significant effect (**P < 0.01).

Figure 20 is a graphic representation of the effects of simvastatin, referred generally
as “statin,” and Compound A on Hb1ac in db/db mice. Results represent the mean +/- SEM
of eight treated mice and are expressed as % glycated hamoglobin (":Hb1ac). Fat mice
show a significant increase in *sHb1ac (*P < 1.01) which was significantly inhibited by
Compound A (+P < 0.01). Simvastatin alone did not lower the levels %Hb1ac. On the other
hand, it signifizantly increased the levels of "zHb1ac (++P < 0.01) above the fat mice treated
with vehicle alone. The combination of simvastatin and Compound A significantly decreased
the levels of “bHb1ac whan compared to hoth the fat (**P < 0.01) and the fat plus
simvastatin (#P < 0.01) .

Figure 21 is a graphic representation of the effects of simvastatin, referred generally
as “statin,” and Compound A on plasma bload glucose (BG) in db/db mica. Results
represent the mean +/- SEM of cight reated mice and are expressed as mg/ilL. Fat mice
show a significant increase in BG (*P < 0.01) which was significantly inhibited by Compcund
A (+P < 0.01). Simvastatin alone significantly increased the levels of BG (++P < 0.01) above
the fat mice treated with vehicle alone. However, the combination of simvastatin and
Compaund A significantly decreased the lzvels of BG when compared to both the fat (P <
0.01) and the fat plus simvastatin (#P < 0.01) . .

Figures Z2A and 22B are graphic representations of the effects of simvastatin,
referred generally as “statin,” and Compound A on insulin resistance glucose tolerance test
in db/db mice.

Figure 23 is a graphic representation of the effects of simvastatin, referred generally
as “statin,” and Compound A on plasma triglycerides (TG) in db/db mice. Results represent
the mean +/- SEM of sight treated mice and are expressed as mg/dL. Fat mice show a
significant increase in TG (*P < 0.01) which was significantly inhibited by Compound A (+P
< 0.01). Simvastatin alone did not significantly decreased the levels of TG (++P > 0.01)
above the fat mice (reated with vehicle alone. However, the combination of simvastatin and
Compound A significantly decreased the levels of TG when compared to both the fat and the
fat (**P < 0.01) and the fat plus simvastatin (#P < 0.01) .

Figure 24 is a graphic representation of the effects of simvastatin, referred generally
as “statin,” and Compound A on plasma cholesterol (Chal) in db/db mice. Results reprasent
the mean +/- SEM of eight treated mice and are exprzssed as mg/di.. Fat mica show a
significant increase in Chol (*P < 0.01) which was significantly inhibited by Compound A (+P
< 0.01). Simvastatin alone also significantly decreased the levels of Chol (++P > 0.01)
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above the fat mice treated with vehicle alone. The combination of simvastatin and
Compound A also significantly decrzased the l=viels of Chol when compared to the fat (**P <
0.01). Howsver, there was no significant difference between the Compound A plus

simvastatin and the simvastatin alone (#P > 0.05).

(4]

Figure 25 is a graphic representation of the effects of simvastatin, referred generally
as “statin,” and Compound A on plasma TNFa in db/db mice. Results represent the mean
+/- SEM of sight treated mice and are expressed as pg/ml. Fat mice show a significant
increase in TNFa (*P < 0.01) which was significantly inhibited by Cempound A (+P < 0.01).
Simvastatin alone did not signifizantly inhibit the increased in TNFa (#P > 0.05). However,
10 the combination of simvastatin and Compound A had a significant effect in lowering the

levals of TNFa (**P < 0.01).
Figure 26A is an illustration of the identification of hippocampal progenitor cells using
flow cytometry.
Figure 26B is a graphic representation of the effect of anti-depressants on
15 hippocampal progenitor proliferation in mice.
Figure 27 is a graphic representation of the effect of Compound A on hippocampal
progenitor call proliferation.
Figure 28 is a graphic representation illustrating a microglial cell proliferation assay.
Figure 29 is a graphic representation of the effects of nicotine, Compound D,
20 Compound E, and Compound A on microglial cell proliferation in an LPS-induced model of
neuroinflammation.
Figure 30 is a is a Westemn blot showing the effacts of simvastatin on the nicotine-
induced JAK?2 activation in PC12 calls. Cells were pretreatad with simvastatin (5 uM) for 24
hours and with nicotine at the time indicated. The methods for blotting are as described (sas,
25  Shaw 3. et al, J. Bial. Chem., 2002, herein incorporated by reference). Pretreatment of cells
with simvastatin significantly inhitited JAK2 activation induced by nicotine for the times
indicated.
Figure 31 is a Western blot showing the effects of simvastatin on the nicotine-
induced neuroprotaction against Af-induced apoptosis in PC12 cells. The methods are as
30 described. Poly-(ADP-ribose) polymerase (PARP) is marker of cells undergoing apoptosis.
PARP axpression was determined by Western énalysis of PC12 cells nuclear extract.

Figure 32 is a Western hlot showing the effects of 10 M farnesyl pyrophosphate
(FPP) and geranylgeranyl pyrophosphate (GGPP) on the simvastatin-induced apoptosis in
PC12 cells. The msthods are as described.

11



34}

10

15

30

31

WO 2009/018511 PCT/US2008/071893

Figure 33 is graphic representation showing tha effects of 10 uM farnesyl
pyrophosphate (FPP) and geranylgeranyl pyrophosphate (GGPP) on the simvastatin
blockade of nicotine-induced ROS production in PC12 cells.

Figure 34 is a graphic representation of the effects of Compound C on food
consumption in db/db mice. The illustrated results represent the mean + SEM of five treated
mics/graup and ars exprassed as foud consumed in grams/day. Fat mice show a significant
incraase in fond consumption above lean mice (*P < 0.01) which was significantly inhibited
by Compound C treatment (+P < 0.01). There is no significant difference between fat wild
type and fat PTP-1B KO mice in decreased food consumption due to Compound C treatment
(#P > 0.05).

Figure 35 is a graphic representation of the effects of Cempound C on body mass in
db/db mice. The illustrated results represent the mean + SEM of five treated mice/group and
are expressed as body mass in grames. Fat mice show a significant increase in body mass
(*P < 0.01) which was significantly inhibited by Compound C treatment (+P < 0.01). There is
no significant difference betwsen fat wild type and fat PTP-1B KO mice due to Compound C
treatment (#P > 0.05).

Figure 36 is a graphic reprasentation of the effects of Compound C on plasma blood
glucose (BG) in db/db mice. The illustratzd results represent the mean + SEM of five treatzd
mice/group and are expressed as mg/dL of BG. Fat mice show a significant increase in BG
(*P < 0.01) which was significantly inhibitad by Compound C treatment (+P < 0.01). There is
no significant differance betwean fat wild type and fat PTP-1B KO mice due to Compound C
treatment (#P > 0.05).

Figure 37 is a graphic reprasentation of the effects of Compound C an plasma
triglycerides in db/db mice. The illustrated results represent the mean + SEM of five treated
mice/group and are exprassed as mg/dL. Fat mice show a significant increase in plasma TG
(*P < 0.01) which was significantly inhibitad by Compound C treatment (+P < 0.01) in the fat
PTP-1B wild type but not in the fat PTP-1B KO. There is also a significant difference in
plasma'TG levels between the treated fat wild type and treated fat PTP-1B KO (#P < 0.01).

Figurs 28 is a graphic representation of the effects of Compound C on plasma
glycosylated hemoglobin (Hb1ac) in db/db miée. The illustrated results represent the mean
+ SEM of five treated mice/group and are expressed as %, Fat mice show a significant
incraase in plasma Hb1ac (*P < 0.01) which was significantly inhibited by Compound C
treatment (+P < 0.01). There is no significant differsnce in plasma Hb1ac between fat PTP-
1B wild type and fat PTP-1B KO (#P > 0.05).

12
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Figure 39 is a graphic representation of the effects of Compound C on TNFa in db/db
mice. The illustrated results represent the mean + SEM of five treated mice/group and are
expressed as pg/mL. Fat mice show a significant increase in TNFa (*P < 0.01) which was
significantly inhibited by Compound C treatment (+P < 0.'01). There is a significant

5 difference between TNFa plasma levels between the fat wild type and fat PTP-1B KO (#P <
0.01). ' .

Figure 40 is a graphic representation of the effects of Compound C in the glucose
tolerance t2st (GTT) in db/db mice PTP-1B wild type mice. The illustrated results represent
the mean + SEM of four treatzd mice/group and are expressed as mg/dL. Fat mice show a

10  significant decrease in glucose deposition (*P < 0.01) with Compound C treatment. Fat mice

show a significant increase in deposition (+P < 0.01).

Detailed Description of the Preferred Embodiments
One aspect of the present invention includes the role of a7 NAChRs in regulating key
15  biological pathways involved in the metahalic syndrome and th2 potential of selective «7
nAChR agonists as a novel therapeutic approach to {reat this condition. Although a7 has
been implicated in the cholinergic inflammatory pathway, the evidence is based exclusively
on the use of non-selective agonists in the presence of putative selective antagonists, some
with rather poar pharmacokinetics or brain penetration proparties. Thus, another aspect of
20 the present invention includes compounds (hereinafter defined and referred to as
Compounds A, B, ar C) with high selectivity for the a7 nAChR.
Compound A is (5-methyl-N-{(2S,3R)-2-(pyridin-3-yimethyl)-1 -azabicyclo[2.2.2]oct-3-
vilthiophene-2-carboxamide), illustrated below.

N—

Compound A,
a5 or a pharmaceutically acceptable salt thereof. As will be appreciated, altemate naming
conventions provide alternative names. Thus, Compound A may also be referred to as
(.’:S,3R)-l‘~l-(2—((3-pyridinyl)me.thyl)-1-a:abicyclo[Z..’.‘..-".']o-:.tan-3-yl)-5-methylthiophene-2-

13
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carboxamide. Such naming conventions should not impact the clarity of the present
invention.

Compound B is (28,3R)-N-(2-((3-pyridiny)methyl)-1-azabicyclo[Z.2.2]oct-3-y1)-6-(2-
pyridinyl)lhiophene-2-carboxamide, illustrated below:

N—
N
Compound B,
Compound C is (28,3R)-N-(2-((2-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-

yhbanzofuran-2-carboxamide, illustrated balow:

N——

2
”,
7,

%

| \ / *_
iy
%O Compound C,

or a pharmaceutically acceptable salt thereof.

In the studies of this application, evidence is presented showing that «7-selzctive
ligands inhibit the metabolic syndrome observed in db/db mice by reducing weight gain,
normalizing glucose levels, increasing insulin secretion, decreasing glycated hemoglobin,
raducing pro-inflammatory cytokines, reducing triglycerides, and normalizing insulin
rasistance glucose tolerance test. Thzse dala indicate that a7-selective ligands are useful
for the management of the metabolic syndrome (diabetes | and Il, atherosclerosis, obeasity).

Another aspact of the present invention provides methods and compositions relating

to co-administration of «.7 selective ligands with statins, in order to decrease unwanted sida
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effects of stating, including increased glysemia. Relevant stating include atorvastatin,
cerivastalin, fluvastatin, lovastatin, mevastalin, pitavastatin, pravastatin, rosuvastatin,
simvastatin, and additional statins, defined based on their inhibition of HMG CcA reductase.
Although trade names or generic names may be used herzin, reference is had to the
underlying active ingredient(s) in such drug products.
Compounds

Compounds useful according to the present invention are a7 NNR selective ligands,
as exemplifiad by Compounds A, B, and C, herein.

Compounds A, B and C are members of a genus of compounds described in US
Patent 8,953,855 (incorporated herain by referenca in its entirety). US Patent 6,953,855

includes compounds represented by Formula 1.

Ko 2
Y
l\i Y

()
|
Cy

In Formula 1, m and n individually can have a value of 1 or 2, and p can have a value

Formula 1

of 1, 2, 3ord. Inthe Formula, X is either axygen or nitrogen (i.e., NR'), Y is either oxygen or
sulfur, and Z is either nitrogen (i.e., NR'), a covalent bond or a linker species, A. Ais
selected from the group -CR' R"-, -CR' R"- CR' R"-, -CR'= CR'-, and -C_-, wherein R' and R"
are as hereinafter defined. When Z is a covalent bond or A, X must be nitragen. Aris an
aryl group, either carhocyclic or hetzrocyclic, either monocyclic or fused polycyclic,
unsubstituted or substituted; and Cy is a 5- or 6-membered heteroaromatic ring,
unsubstituted or substituted. Thus, the invention includes compounds in which Ar is linked
to the azabicycle by a carbony! group-containing functionality, such as an amide, carbamate,
urea, thioamide, thiocarbamate or thiourea functionality. In addition, in the case of the amide
and thioamide functionalities, Ar may be bonded direclly to the carbonyl (or thiocarbonyl)
group or may be linkzd to the carhonyl (or thiocarbonyl) group through linker A.
Furthermore, the invention includes compounds that contain a 1-azabicycls, cdntaining
aither a 5-, B-, or 7-membered ring and having a total of 7, 8 or 9 ring atoms (e.g., 1-
azabicyclo[2.2. 1jheptane, 1-azabizyclo[3.2.1]octans, 1-azabicyclo[2.2.2]octane, and 1-
azabicyclo[3.2.2]nonane).

In one embodiment, the value of pis 1, Cy is 3-pyridinyl or S-pyrimidinyl, X and Y are
oxygen, and Z is nitrogen. In another embodiment, the value of pis 1, Cy is 2-pyridinyl or 5-

15
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pyriridinyl, X and Z are nitrogen, and Y is oxygen. In a third embodiment, the value of p is
1, Cy is 2-pyridinyl or 5-pyrimidinyl, X is nitrogen, Y is oxygen, and Z is a covalent bond
(bstween the carbonyl and Ar). In a fourth embodiment, the value of p is 1, Cy is 3-pyridinyl
or 5-pyrimidinyl, X is nitrogen, Y is oxygen, Z is A (a linker species between the carbonyl and
5 Ar).
Tha compounds of Formula 1 have on2 or more asymmetric carbons and can therefore exist
in the form of racemic mixtures, enantiomers and diastereomers. Both relative and absolutz
sterecchemistry at asymmetric carbons ars variable (e.g., ¢is or frang, R or S). In addition,
some of the compounds evist as E and 2 isomers about a carbon-carbon double bond. Al

10 these individual isomeric compounds and their mixtures are also intended to be within the
scope of Formula 1.

As used in Formula 1, Ar (“aryl") includes both carbocyclic and heterocyclic aromatic
rings, both monosyclic and fused polycyclic, where the aromatic rings can be 5- or 6-
membered rings. Representative monncyclic aryl groups include, but ars not limited to,

15  phenyl, furanyl, pyrrolyl, thienyl, pyridinyl, pyrimidinyl, ovazolyl, isovazolyl, pyra=olyl,
imidazolyl, thiazolyl, isothiazolyl and the like. Fused polycyclic aryl groups are thoss
aromatic groups that include a 5- or 6-membered aromatic or heteroaromatic ring as onz or
more rings in a fused ring system. Representative fused polycyclic aryl groups include
naphthalene, anthracene, indolizine, indole, isnindole, benzofuran, benzothiophene,

2 indazole, benzimidazole, benzthiazole, purine, quinoling, isoquincline, cinnoline, phthalazine,
quinazoline, quincxaling, 1,2-naphthyridine, pteriding, carbazole, acridine, phenazine,
phanothiazine, phenoxazineg, and azulene.

As used in Formula 1, “Cy” groups ars 5- and 6-membered ring heteroaromatic groups.
Representalive Cy groups include pyridinyl, pyrimidinyl, furanyl, pyrrolyl, thienyl, oxazolyl,

25 isoxazolyl, pyrazolyl, imidazolyl, thiazolyl, isothiazolyl and the like, where pyridinyl is
preferred.

Individually, Ar and Cy can be unsubstituted or can be substituted with 1, 2 or 3 substituents,
such as alkyl, alkenyl, heterocyclyl, cycloalkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, halo (2.g., F, Cl, Br, or ), -OR', -NR'R", -CF;, -CN, -NO., -C:R’, -SR', -N,

30 -C(=0)NRR", -MR'C(=0) R", -C(=O)R!, -C(=0O)OR', -OC{=Q)R’, -O(CR'R")C(=O)R’,
-O(CRR")\NR"C(=0)R', -O(CRR")NR"SO:R’, -OC(=0)NRR", -NR'C(=0)0 R", -SO:R,
-SO:MR'R", and -NR'SO:R", whera R' and R" are individually hydrogen, C-C; alkyl (e.g.,
straight chain or branched alkyl, prefarably C-Ce, such as methyl, ethyl, or isopropyl),
eycloalkyl (2.9., Cog cyclic alkyl), heterocyclyl, aryl, or arylalkyl (such as henzyl), and ris an

(RS
(3]

intzger from 1 to 6. R’ and R" can also combine to form a cyclic functionality.
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Compounds of Formula 1 form acid addition salts which are useful according to the
present invention. Evamples of suitable pharmaceutically acceptable salts include inarganic
acid addition salts such as chloride, bromide, sulfate, phosphate, and nitrate; organic acid
addition salts such as acetate, galactarale, propionate, succinate, lactata, glycolate, malate,

5 tartrate, citrate, maleate, fumarate, methangsulfonate, p-tolusnesulfonate, and ascorbate;
salts with acidic amino acid such as aspartate and glutamate. The salts may be in some
cases hydrates or ethanol solvates.

Representative compounds of Formula 1 include:
2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-2-yl N-phenylcarbamate,

10 2-((3-pyridinyhmethyl)-1-azabicyclo[2.2.Z]oct-3-yl N-(4-fluorophenyl)carbamate,

—
93}
]
A
—
[#3)
[}
73
<
3.
o
=
=
S
=
]
=
—
=
p
' .
T
o
I-d
]
=
(o]
~<
o
(@)
—
[RS]
p
)
Sl
Q
Q
w
P
=
=
A
G
=
-
o
=
9
=<
pu—)
@
-
=
S
o
=
[n
V]
=
Y]
-
o

chmoad

PreY Py

o
i}
>
)
s
o~~~
r..o
C
=
=
=
=
=
3
—
@
g
-
=
=
T
—
'
0
X
JAb]
=3
(9]
<
o
(]
Lo
2
-
. 2
hwwnard
[
o
o
clo
=
=
)
~~~
I‘|J
3
D
=
-
=
=]
=
@
3
=
Nense”
0
0
=
o
13
=
—
]
—
@®

2-((3-pyridinyl)methyl)-1-azahicyclo[2.2.2]act-3-yl N-(3-biphenyl)carbamate,
2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]act-3-yl N-(4-methylphenyl)carbamate,
2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl N-(4-biphenyl)sarbamate,

)
(33}

a0 2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl N-(4-dimethylaminophenyl)carbamate,

2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl N-(2-methylthiophenyl)carbamate,
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2-(\3-pyridinyl)methyl)-1-azakicyclo[2.2.2]act-3-yl N-(2-phenoxyphenyl)carbamatz,
2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]act-3-yl N-(3-methylihicphenyl)carbamate,

2-((3-pyridinylymethyl)-1 -azabicyclo[:.Z.2]oct-3-yl N-(3-benzothienyl)carbamate,
2-((3-pyridinyhmethyl)-1-azahicycla]2.2.2]oct-3-yl N-(1-naphthyl)carbamate, and
2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-y N-(L‘-nahhlhyl)carbamate.
Other cormpounds reprasentative of Formula 1 include:
M-phenyl-N'-(2-((3-pyridinyl)methyl)-1-azabicyslo[ 2. 2. 2]oat-3-yl)urea,

‘ N-(4-fluorophenyl)-N'-(2-((3-pyridinylymithyl)-1-azabicyclof2.2. 2]oct-3-yl)urea,

M-(4-chlorophenyl)-N'-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-yl)urea,
MN-(-t-bromopheriyl)-N'-(2-((3-pyridinyl)methyl)- 1-azabicyclo[2.2. 2]oct-3-yl)urea,

_ N-(2-flucrophenyl)-N'-(2-((3-pyridiny)methyl)-1-azabicyclo[2.2.2]Joct-3-yhurea,

N-(2-bromophenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. 2]oct-3-yl)urea,
M-(3,4-dichloraphenyl)-N'-(2-((2-pyridinyl)methyl)-1-azabicyclo[2.2. Z]oct-3-yl)ur=a,
M-(2-methylphenyl)-N'-(2-((3-pyridiny)methyl)-1-azabicyclo[2.2.2]oct-3-yl)urea,

N-(3-methylphanyl)-N'-(2-((3-pyridinyl)mathyl)-1-azabicyclo[ 2. 2. Z]oct-3-yl)urea,
M-(3-biphenyl)-N'-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2.Z]oct-3-yl)urea,
M-(4-methylphenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]Joct-3-yurea,
N-(4-biphenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)uraa,
M-(2-cyanophenyl)-N'-(2-((3-pyridinyl)methyl)- 1-azabicyclo[2.2.2]oct-3-yl)ur=a, |
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2

N-(2-methoxyphenyl)-N'-(2-((3-pyridinylimethyl)-1-azabicyclo[Z. 2. Z]oct-3-yl)urea,
N-(2-phenoxyphenyl)-N'~(2-((3-pyridinylmethyl)-1-azabicyclo[2.2. Zject-3-yl)urea,
N-(Z-methylthiophenyl)-N'-(2-((3-pyridinylymethyl)- 1-azabicyclo[2.2.Z]oct-3-yl)urea,
N-(2-phenyithiophenyl)-N'-(2-((3-pyridinylymethyl)- -azabicyclo[2.2.2]oct-3-yl)urea,
M-(3-methoxyphenyl)-N'-(2-((3-pyridinyl)mathyl)- 1-azabicyclo[2.2.Z]oct-3-yl)urea,
N-(3-phenoxyphenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. 2Joct-3-yl)urea,
N-(2-methylthiophenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-ylurea,
N-(3-phenyithiophenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)urea,
N-(4-methoxyphenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. Z]oct-3-yl)urea,

N-(4-rnethylthiophenyl)-N'-(2-((3-pyridinyl)msthyl)-1-azabicyclo[2.2.2]oct-3-yl)urea,
N-(4-phenylthiophenyl)-N'~(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)urea,
N-(2,-i-dimethoxyphenyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicycla[2. 2. 2]oct-3-yl)urea,
N-(2-thienyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)urea,

N-(1-naphthyl)-N-(2-((2-pyridinyl)methyl)-1-azabicyclo[2.2. 2]oct-3-yl)urea, and

N-(Z-naphthyl)-N'-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)urea.
Other compounds representative of Formula 1 include:

N-(2-((2-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-2-yl)benzamide,

N-(2-((3-pyridinyl)methyl)-1-azabicyelo[2.2.2]ost-3-yi)-3-fluorabenzamide,
N-(2-((3-pyridinylymethyl)-1 -azabicyclo[Q..’-.’.2]oct-3-yl)-4-f|uorobenzamide,
N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oxt-3-yl)-2-chlorobanzamide,
N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. 2]oct-3-yl)-3-chlorobenzamide,

N-(2-((3-pyridinyhmethyl)-1-azabicyclo[2.2.2]oct-3-yl)-2-methylbenzamide,
N-(2-((3-pyridinyl)methyl)-1-azabicyclof2.2.2]oct-3-yl)-3-methylbenzamide,
MN-(2-((3-pyridinyl)mathyl)-1 -azabicyclo[ﬁ.2.2]oct-3-yl)-4-methylbenzamide.
N-(2-((3-pyridinyl)mathyl)-1-azabicyclo[2.2.2]oct-3-yl)-2-phenylbenzamide,
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N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-4-cyanobenzamide,

N-(2-((2-pyridinylymethyl)-1-azabicyclo[2.2. 2]oct-2-yl)-3-methoxybenzamide,
10 N-(2-((3-pyridinyl)methylM -azabicyclo[2.2.2]oct-3-y1)-4-methoxybenzamide,
N-(2-((3-pyridinyl)methyl)- 1-azabicycla[2.2. 2Joct-2-yl)-2-phenoxybenzamide,
N-(2-((3-pyridiny)methyl)-1-azabicyclo[2.2.2]oct-2-yl)-3-phenoybenzamide,

| N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-2-phenylthiobenzanide,

N-(2-((3-pyridinyl)methyl)-1-azabicycla[2.2. 2Joct-2-yl)-4-phenyithiobenzamide,
20 N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. 2]oct-2-yl)-2,4-dimethoxybenzamide,

M-(2-((3-pyridinyl)mizthyl)-1-azabicyslo[2.2.2]oct-2-yl)-5-phenylnicotinamide,
N-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2. 2]oct-3-yl)furan-2-carboxamide,

N-(2-((&-pyridinyl)methyl)-1-azabicyclo[2.2.2Joct-3-yl)thiophene-2-carboxamide, »
N-(2~((3-pyridinyl)methyl)-1-azabicyclo[2.2.2Joct-3-yl)-5-bromathiophens-2-carboxamide,
M-(2-((3-pyridinyl)mathyl)-1-azabicyclo[2.2.2]oct-3-yl)-5-methylthiothiophens-2-carboxamids,

30 N-(2-((3-pyridiny)methyl)-1-azabicyclo[2.2. 2]oct-3-y1)-5-methylthiophene-2-carboxamide,
N-(2~{(3-pyridinyl)methyl)-1-azabicyclo[2.2. 2]Joct-3-yl)-3-methylthiophene-2-carboxamide,

N-(2-({3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-yi)-3-chlorothiophene-2-carboxamide,
N-(2-((E-pyridinyl)methyl)-1-azabicyalof[2.2.2]oct-3-yl)-5-(2-pyridinyl)thiophene-2-

35 carboxamide,
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N-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-y1)-5-acetylthiophene-2-carboxamide,

N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2. 2. 2]oct-3-yl)-4-acetyl-3-methyl-5-
methylthiothiophene-2-carboxamide,

M-(2-{(3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)pyrrole-3-carhoramide,
N-(2-((3-pyridinyl)methyl)-1-azabicyclaf2.2.2]oct-3-yl)indole-2-carboyamide,

M-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]xct-3-y1)- 1-methylindole-3-carboxamide,

| N-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2. 2]oct-3-yl)-1H-benzimidazole-2-carboxamide,

benzimidazols-3-carhoxamide,
N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]ost-3-yl)-1-isopropyl-1H-henzotriazole-5-

carboxamide,

N-(2-{(3-pyridinyl)methyl-1-azabicyclo[2.2.2]oct-3-yl)-3-methylbenzofuran-2-carboxamide,
M-(Z-((3-pyridinyl)methyl-1-azabicyclo[2.2.2]oct-3-yl)-5-nitrobenzofuran-2-carboxamide,
N-(2-((3-pyridinyl)methyl-1-azabicyclo[2.2.2]oct-3-yl)-5-methoxybenzofuran-2-carboxamide,

N-(2-((3-pyridinyl)methyl-1-azabicyclo[2. 2. 2]oct-3-yl)-7-ethoxybenzofuran-2-carboxamida,

carboxamide,
M-(2-((3-pyridinyl)methyl-1-azabicycla[2.2.2]oct-3-yl)-6-bromobenzofuran-Z-carbovamide,
N-(2-((3-pyridinyl)methyl-1-azabicyclo[2.2.2]oct-3-yl)-4-acstyl-7-methoxybenzofuran-2-
carboxamide,
M-(2-((3-pyridinylymethyl-1-azabicyclo[2.2.2]oct-3-y1)-2-methylbenzofuran-4-carbovamide,
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M-(2-((3-pyridinylymathy1)- 1-azabicycia[2.2.2]oct-3-y1)-8-aminonaphthalene-2-carboramide,

N-(2-((3-pyridinyl)methyl-1-azabicyclo]2.2.2]oct-3-yl)-3-methoxynaphthalene-C-carboxamide,
H-(2-((3-pyridinyl)methyl-1-azabicycla[2.2.2]act-2-yl)-6-methoxynaphthalene-2-carboxamide,
N-(2-((3-pyridinylymethyl-1-azabicyclo[2.2.2]oct-3-yl)-1-hydroxynaphlhalene-2-carboxamide,

H-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-yl)-3-(2-furyl)prop-2-enamide,
M-(2-((3-pyridinyl)methyl)-1-azabicyclof2.2.2]oct-3-y1)-3-(2-methaxyphenyhprop-2-enamide,
N-(2-((3-pyridinyl)mzthyl)-1-azabicycla[2. 2. 2]oct-3-y1)-3-(3-bromophenyl)prop-2-enamide,
N-(2-((3-pyridinyl)methyl)-1-z iabicyc:lo[2.2.2]oct-3-yl)-.?--(3-me.tho:<yphenyl)prop-z-enan*nide,
M-{2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-yl)-3-(3-hydroxyphenyl)prop-2-enamida,
M-(2-((3-pyridinyl)methyl)- 1-azabicyclc[2.2.2]oct-3-y1)-3-(4-bromophenyl)prop-2-enamide,
M-(Z-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3-(4-chlorophenyl)prop-2-enanide,
N-(Z-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3-(4-hydroxyphenyl)prop-2-enamide,
M-(2-((3-pyridinyl)methyl)-1-azabicysle[2.2.2]oct-3-y1)-3-(4-hydroxy-3-methoxyphenyl)prop-2-

enamide,

H-(2-((3-pyridinylimethy!)-1-azabicyelo[2.2.2]oct-3-y1)-3-(3-thienyl)prop-2-enamide,
H-(2-((3-pyridinyl)methyl)-1-azabicyalo[2.2.2)xct-3-y1)-3-(d-isopropyiphenyl)prop-2-enamide,
M-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. 2Joct-3-yl)-3-methyl-3-phenylprop-2-enamide,
N-(Z-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-y1)-3-(3-furyl)prop-2-2namide,
N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-2-athyl-3-phenylprop-2-enamide,
M-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3-(2-pyridinyl)prop-2-enamide,
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N-(2-((2-pyridinyhmethyl)-1-azabicyclo[2.2.2]oct-2-yl)-3-(3,4-dimethylthizno[2,2-b]thiophen-2-

yl)prop-2-enamide,

M-(2-((3-pyridinylymethyl}-1-azabicyclo[2.2.2]cct-3-yl)-3-(4-methylthiophenyl)prop-2-enamide.
A second genus of a7 NNR selective ligands (see US Appin. No. 11/455,91-4, Pub.

No. 2007 00197574 A1; also see published international application WO 2007/024814 A1,

each of which is incorporatzd herein by reference in its entirety), useful according to the

present invention, is represented by Fornula 2.

Cy Formula 2

In Formwula 2, Y is either oxygen or sulfur, and Z is either nitrogen (i.e., NR') or a
covalent hond. A is either abseni or a linker spacies selected from the group -CR' R™, -CR'
R"- CR' R"-, -CR'= CR", and -C.-, wherein R' and R" are as herzinafter defined. Aris an aryl
group, either carbocyclic or heterocyclic, either monacyelic or fused polycyclic, unsubstituted
or substituted: and Cy is a 5- ar 6-memberad heteroaromatic ring, unsubstituted or
substituted. Thus, the invention includes compounds in which Ar is linked to the
diazatricycle, at the nitragen of the pyrrolidine ring, by a carbonyl group-containing
functionality, forming an amide or a ur=a functionality. Ar may be bonded directly to the
carbonyl group-containing functionality ar may be linked to ths carbonyl group-containing
functionality through linker A, Furthermorz, the invention includas compounds that contain a

-

“carbonyl group-containing functionality” is a moiety of the formula -C(=Y)-Z-, whera Y are Z
ars as defined herein.

In one embodiment, Cy is 3-pyridinyl or S5-pyrimidinyl, Y is oxygen, Z is a covalent
bond and A is absent. In anather embodiment, Cy is 3-pyridinyl or 5-pyrimidinyl, Y is
oxygen, Z is nitrogen and A is absant. In a third @mbodimant, Cy is 3-pyridinyl or 5-
pyri'midinyl, Y is oxygen, Zis a covalent bond, and A is a linker spacies. In a fourth
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embodiment, Cy is 3-pyridinyl or S-pyrimidinyl, Y is oxygen, Z is nitrogen and A is a linker
species.

The junction between the acacycle and the azabicyclz can be characterized by any
of the various relative and ahsolute sterecchemical configurations al the junction sites (e.g.,
cis or trans, R ar S). The compounds have one or more asymmeatric carbons and can
therefore exist in the form of racemis mixtures, enantiomers and diastereomers. In addition,
some of the compounds exist as E and 2 isomzrs about a carbon-carbon double bond. All
thesea individual isomeric compounds and their mixtures are also intznded to be within the
scope of the present invention.

As used in Formula 2, Ar (“aryl”) includes both carbocyclic and heterocyclic aromatic
rings, both monoeyeliz and fused palycyclic, where the aromatic rings can be 5- or 6-
mambered rings. Representative monoaydic aryl groups include, but are not limitzd to,
phenyl, furanyl, pyrrolyl, thienyl, pyridinyl, pyrimidinyl, axazolyl, isoxazolyl, pyrazolyl,
imidazolyl, thiazolyl, isothiazolyl and the like. Fused polycyalic aryl groups are those
aromatie groups that include a 5- or 6-member=d aromatic or heteroaromatic ring as ane or
more rings in a fused ring system. Representative fused polyayclic aryl groups include
naphthalene, anthracene, indolizine, indole, isoindole, benzofuran, benzothiophene,
indazole, benzimidazole, benzthiazole, purine, quinoling, isoguinoling, cinnoline, phthalazinz,
quina=oline, quinoxaline, 1,2-naphthyridine, pteridine, carbazole, acridine, phenazine,
phenothiazing, phenoxazine, and azulene.

As used in Formula 2, “Cy” groups are 5- and 6-membered ring heteroaromatic
groups. Representative Cy groups include pyridinyl, pyrimidinyl, furanyl, pyrrolyl, thienyl,
oxazolyl, isaxazalyl, pyrazolyl, imidazolyl, thiazolyl, isothiazolyl and the like, whare pyridinyl
is preferred. | .

Individually, Ar and Cy can be unsubstituted or can he substituted with 1, 2 or 3 substituents,
such as alkyl, alkenyl, heterocyclyl, cycloalkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, halo (2.g., F, Cl, Br, or 1), -OR', -NR'R", -CF;, -CN, -NO;, -C:R’, -SR', -Ng, -
C(=O)MR'R", -NR'C(=0) R", -C(=O)R’, -C(=C)OR', -OC(=0)R’, -O(CR'R"),C(=O)R’, -
O(CRR")NR"C(=0)R', -O(CR'R")NR"SO:R', -OC(=0)NR'R", -NR'C(=0)0 R", -SO:R’, -
SO-NR'R", and -NR'SO-R", where R' and R" are individually hydrogzn, C,-C; alkyl (e.g.,
straight chain or branched alkyl, preferably C-Cs, such as methyl, ethyl, or isoprcpyl),
cycloalkyl (e.q., C..; cyclic alkyl), heleracyclyl, aryl, or arylalkyl' (such as benzyl), and ris an
integer from 1 to 6. R’ and R" can also combine to form a cyclic functionality.

Compounds of Farmula 2 form acid addition salts which are ussful according to the

present invention. Examples of suitable pharmaceutically acceplable salts include inorganic
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acid additicon salts such as chlaride, bromide, sullfate, phosphate, and nitrats; crganic acid

addition salts such as acetate, galactarate, propionate, succinate, lactale, glycolate, malate,

tartrate, citrate, maleate, fumarate, methanesulfonate, p-toluenesulfonate, and ascorbate,

salts with acidic amino acid such as aspartate and glutamate. The salts may be in some

cases hydrates or ethanol solvates.
Representative compeounds of Formula 2 include:

&-(3-flucrobenzoyl)-3-pyridin-2-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecanz,
5-(4-flucrobenzoyl)-2-pyridin-3-yl-1,5-diazatricyela[5.2.2.0<C,6>Jundecane,
A-(2-chlorobenzoyl)-3-pyridin-2-yl-1,5-diazalricyclo[5.2.2.0<2,6>]undecane,

(3-chlorobenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[6.2.2.0<2,6>]undecane,

5-

5-(4-chlorobenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<Z,6>Jundecane,
5-(2-bromobenzoyl)-3-pyridin-3-yl-1,5-diazalricyclo[5.2.2.0<2,6>Jundecans,
£

(3-bromabeanzoyl)-3-pyridin-3-yl-1,5-diazatricyclof5.2.2.0<2,6>]undecane,

5.
5-(2-icdobenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[6.2.2.0<2,6>]undecane,
5-(3-indobenzoyl)-3-pyridin-3-yi-1,5-diazatricyclo[8.2.2.0<2,8>]undecans,
5-(4-iodobenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(2-mathylbenzoyl)-S-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undzcane,

5-(4-methoyybenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<Z,6>jundecane,
5-(2-methylthicbenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]Jundecane,
5-(3-methylthiobenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecana,

5-(2-phenylbanzoyl)-3-pyridin-3-yl-1,5-diazatricy:lo[5.2.2.0<2,6>Jundecane,
5-(3-phenylbenzoyl)-3-pyridin-3-yl-1,5-diazatricyclof5.2.2.0<2,6>jundecane,

5-(3-phenoxybenzoyl)-3-pyridin-3-yl-1,5-diazatricy clo[5.2.2.0<2,6>]undecane,
5-(4-phenoxybenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
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5-(3-phenylthiobenzoyl)-3-pyridin-2-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecans,

5-(4-cyanchenzoyl)-3-pyridin-2-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(2-trifluoromethylbenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecans,

5-(2-dimsthylaminobenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(3-dimethylaminobenzoyl)-3-pyridin-2-yl- 1,5-diazatricyclo[5.2.2.0<2,6>]undecane,

5-(4-ethynylbenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(3,4-dichlorobenzoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undacane,
5-(2,4-dimethovybenzoyl)-3-pyridin-3-yl-1,5-diazalricyclo[5.2.2.0<2,6>]undecane,
5-(3,4,5-trimetho:ybenzoyl)-2-pyridin-3-yl-1,5-diazatricyalo[5.2.2.0<Z,6>Jundecans,

-(naphth-1-ylcarbonyl)-2-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(thien-3-ylcarbonyl)-2-pyridin-3-yl-1,5-diazatricycla[5.2.2.0<2,6>jundecans,
E-(furan-2-ylcarbonyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jund=cane,
E-(benzafuran-2-ylearkonyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(7-methoxybanzofuran-2-ylcarbonyl)-3-pyridin-3-yl-1,5-

diazatricyclo[5.2.2.0<2,6>]undecane, and

Other compounds representalive of Formula 2 include:
-(phanylacetyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,

&-(M-(2-fluorophenyl)carbamoyl)-3-pyridin-3-yl- 1,5-diazatricyclo[5.2.2.0<2,6>]undecans,
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E-(M-(3-fluorophenyl)carbamoyl)-3-pyridin-3-yi-1,5-diazatricyslo[5.2.2.0<2,6>]undecana,

5-(M-(2-chlorophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecans,
5-(M-(3-chlarophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[.2.2.0<2,6>Jundecans,

5-(N-(Z-bromophenyl)carbamoyl)-3-pyridin-2-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(M-(3-bromophenyl)carbamaoyl)-3-pyridin-3-yl-1 ,S-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(N-(4-bromophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jund2cane,
_ B-(N-(2-iodophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(M-(3-iodophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,

5-(N-(2-methoxyphenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(N-(3-melhoxyphenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>jundecans,
5-(M-(4-methoxyphenyl)carbamayl)-3-pyridin-3-yl-1 5-diazatricyclo[5.2.2.0<2,6>]undzcane,

§-(N-(4-methylthiophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(H-(2-phanyiphenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(H-(3-phenylphenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(M-(-+-phanylphenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(N-(2-phéno:-.yphenyl)carbamoyl)-a-pyridin-3-yl-1 ,5-diazatricyclo[5.2.2.0<2,6>]undecans,
5-(N-(3-phenoxyphenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecans,

5-(M-{2-cyanophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(MN-(2-cyanophenyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclof5.2.2.0<2,6>Jundecane,

5-(M-(2-trifluoromethylphenyl}carbamoyl)-3-pyridin-3-yl-1,5-
diazatricyclo[5.2.2.0<2,5>Jundecane,
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5-(N-(3-lrifluoromethylphenyl)carbamoyl)-3-pyridin-3-yl-1,5-
diazatricycl[5.2.2.0<2,6>]undecana, '

5-(M-(d-trifluoromethylphenylycarbamoyl)-3-pyridin-3-yl-1,5-

5-(N-(2-dimethylaminophanyl)carbamoyl)-3-pyridin-3-yl-1,5-
diazatricycln[5.2.2.0<2,6>jundecans,
5-(N-(3-dimethylaminophenyl)carbamoyl)-3-pyridin-3-yl-1,5-

B-(N-(4-dimethylaminophenyl)carbamoyl)-3-pyridin-3-yl-1,5-
diazatricyclof5.2.2.0<2,6>]undecane, -
5-(N-(2-athynylphenylicarbamoyl)-2-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(M-(3-ethynylphenylycarbamoyl)-3-pyridin-3-yi-1,5-diazatricyclo[5.2.2.0<2,6>Jundecane,
5-(M-(4-ethynylphenyl)carbamoyl)-3-pyridin-3-yl-1 ,5-dia:atricyclo[5.2.2.0<2,6>]undecane;
5-(N-(3,--dichlorophenyl)carbzamoyl)-3-pyridin-3-yl-1 ,5-diazatricyclo]5.2.2.0<2,6>]undecane,
5-(1-(2,4-dimethoxyphenyl)carbamoy!)-3-pyridin-3-yl-1,5-
diazatricyclo[5.2.2.0<2,6>]undecana, _
5-(N-(3,4,5-trimethq>ypheny_l)«:arbamoyl)-S-pyridin-3-yl-1 -
diazatricyclo[5.2.2.0<2,6>]undecane,

5-(N-( 1-naphthyljcarbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>Jundecans, and
5-(N-(2-naphthyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane.

Other compounds representative of Formula 2 include: |
B-(N-benzylcarbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecane,
5-(t|-(4-bromchenzyl)carbamoyl)-3-pyridin-3-yl-1,5-diazatricyclo[5.2.2.0<2,6>]undecans,
5—(N-(4-metho:wbenzyl)carbanmyl)-3-pyridin-S-yl-1 JS-diazatricyclo[5.2.2.0<2,6>]undecane,

In each of these compounds, a 3-pyridin-3-yl-1,5-
diazatricycla[5.2.2.0<2,6>]undiecans moiaty has tha structure, with a partial numbering

scheme provided, shown below:
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. The: nitrogen at the position indicated above as the S-position is the nitrogen involved
in the formation of the amides, thioamides, ureas and thioureas described herein.
Compounds useful according to the present invention also include compounds of

E%j,,x.,g,,,~z.\Ar

in Formula 3, X is either oxygen or nitrogen (i.2., NR'), and Z is either nitragen (i.e.,
NR'), -CR'=CR'- or a covalent bond, provided that X must be nitrogen when Z is -CR'=CR"-
or a covalent bond, and further provided that X and Z are not simultaneausly nitrogen. Ar is

. Formula 3:

Formula 3

an aryl group, either carbocyzlic or heterocyclic, either monocyclic or fused polycyclic,
unsubstituted or substituted; R' is hydrogen, C4-C; alkyl (2.g., straight chain or branched
alkyl, praferably C-C;, such as methyl, ethyl, or isopropyl), aryl, or arylalkyl (such as
benzyl).

| Compounds in which X is oxygen and Z is nitrogen are disclosed as «7 selective
ligands in, for instance, PCT WO 97/30998 and US Patent 6,054,454, each of which is
incorporated herein in its entirety. '

' Compounds in which X is nitrogen and Z is covalent bond are disclosed as o7
selective ligands in, for instance, PCTs WO 02/16355, WO 02/16356, WO 02/16353, WO
04/029050, WO 04/059356, WQ 04052461, WO 07/038267, and in US Patent 3,486,172,
US Patent 6,500,840, US Patent 6,599,916, US Patent 7,001,914, US Patent 7,067,515, and
US Patent 7,178,198, @ach of which is herein incarporated herein in its entirety.

Compounds in which X is nitrogen and 2 is -CR'=CR'- are disclosed as a7 selective
ligands in, for instance, PCT WO 01 /036417 and US Patsnt 6,683,000, sach of which is
incorporated herein in its entirsty.
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Particular embodiments according to the general Formula 3 include the following:

H-((3R)-1-azabicyclo[2.2.2]oct-3-yl)-5-phenylthiophene-2-carboxamids,

H-((3R)-1-azabicyclo[2.2.2]oct-3-y1)-2-phenyl-1,3-thiazole-5-carboxamide;

N-[(3R)-1-azabicyclo[2.2.2]oct-3-yl]-4-phenoxybenzamide;
N-[(3R)-1-a:abicyclo[;?.2.2]oct-3-yI]-4-benzy|benzamide;
N-[(3R)-1-azabicyclo[2.2.2]oct-2-yi]-4-(phenylsulfanyl)benzamide;
N-[(3R)-1-azabicyclo[2.2.2]oct-2-yl]-3-phanoxyhenzamide;
N-[(3R)-1-azakinyclo[2.2.2]act-2-yI]-4-benzoylbenzamide;
N-[(3R)-1-azabicycin[2.2.2]act-3-yi]-4-(4-fluorophenoxy)henzamide;

M-[(3R)-1-azabicyclof2.2.2]oct-3-yl]-4-(4-methoxyphencxy)benzamide;

 N-[(3R)-1-azabicyclo[2.2.2]oct-3-yi}-4-(- 4-acetamidophenoxy)benzamide;

N-[(3R)-1-azabicyrlo[2.2.2]act-3-yi]-4(2-methoxyphenylsulfanyl)-henzamide;

M-(2-methyl-1-azabicyclo[2.2.2]act-3-yl)4-phenoxybenzamide;

M-(4-methoxyphenyl)carbamic acid 1-azabicyclo[2.2.2]octan-3-yl ester;

N-(3,-4-dichlorophenyl)sarbamic acid 1-azabicyclo[2.2.2]octan-3-yl ester;
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MN-phenylcarbamic acid 1-azabicyclo[2.2.1]heptan-3-yl ester;

N-(4-pyridyl)carbamic acid 1-azabicyclo[2.2.2]octan-3-yl ester;
N-(m-biphenyl)carbamic acid 1-azabicyclo[Z.2.Z]octan-3-yl ester;
N-(3-quinolinyl)carbamic acid 1-azabicycld[2.2.2]octan-3-yl ester;

N-(-azabicyslo[2.2.2]oct-3-y1)(3-phenylpropenamide);
and pharmaceutically acceptable salts thereof.
Compounds useful according to the present invention also include compounds of

Formula 4:

Formula 4

In Formula 4, Ar is an aryl group, either carbocyclic or heterocyclic, either manacyelic
or fused polycyclic, unsubstituted or substituted; R is hydrogen, C,-C; alkyl (e.q., straight
chain or branched alkyl, preferably C,-Cs, such as methyl, athyl, or isopropyl), aryl, or
arylalky! (such as benzyl). _

Such compounds are disclosed as «7 selective ligands in, for instance, PCTs WO
02/012585, WO 03/01858¢E, WO 03/022853, WO 03/070732, WQ 03/072578, WO
04/059815 and WO 04/052348, and US Patent 6,562,316, each of which is incorporated
herein in its entirety.

Particular embodiments according to the general Formula 4 include the following:
N-(7-azabicyclo[2.2.1]hept-2-y1)-5-phenylthiophene-Z-carbozamids;
N-(7-azabicyclof2.2.1]hepi-2-yl)-5-(2-pyridinyl)thiophzne-2-carbozamide;
M-(7-azabicyclo[2.2.1]hept-2-yl)-5-phenylfuran-2-carbozamide;
and pharmaceutically acceptable salts thereof.

Compounds useful acenrding to the present invention alsa include compounds of

Formula 5:
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Formula 5

in Formula 5, nis 1 cr 2; Ar is an aryl group, either carboeyclic or heterocyclic, =ither
monasyalic or fused polyeyclic, unsubstitutad or substituted; and Z is oxygen, -CC-, -
CH=CH- or a covalent bond.

Such compounds are disclosed as «7 selestive ligands in, for instance, PCTs WO
00/052311, WO 04/016616, WO 04/016517, 04/061510, WO 04/061511 and WO 04/
076453, each of which is incorporated herein in its entirety. ’

Particular embadiments according to the general Formula & include the following:
(1,4-diazabicyzlo[3.2.2lnon-4-yl)(4-methoxyphenyl)methanone; '
(1,4-diazabizyclo[3.2.2]non-4-yl)(&-chlorofuran-2-yl)methanone;
(1,4-diazabicyclo[3.2.2]non-4-yl)(&-bromathiophean-2-yl)methanone;

(1,4-diazabizy:lo[3.2.2Jnon-3-yl)(4-phenoryphenyl)methanone;

W W

(1,4-diazabicyslo[3.2.2]non-4-yI)(5-phenylfuran-Z-yl)methanone;
(1,4-diazabinyala[3.2.2non-4-yI)(5-(3-pyridinyl)thiophen-2-ylimethanons;
1-(1 ,4-diazabicyclo[3.2.2]non#yl)-3-pl"|enylpropenone;

and pharmaceutically acceptable salts thareof.

Compounds useful according to the present invention also include compounds of

N

Formula 6:

Formula 6

In Formula 6, Ar is a fused polycyclic, heterocyclic aryl group, unsubstituted or
substituted; and Z is —CH,- or a covalent bond.

Such compounds are disclosed as a7 selective ligands in, for instance, PCTs WO
03/119637 and WO 05/111032 and US Patent 6,881,734, each of which is herein
incorporated by reference in its entirety.

Particular embodiments aceording to the general Formula € include the following:
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and pharmaceutically acceptable salts thersof.
Compounds useful according to the present invention also include compounds of
Formula 7:

X=—
O \ y z\
‘ Ar

N Formula 7

In Formula 7, Ar is an aryl group, either carbocyclic or heterocyelic, either monocyclic
or fused polycyclic, unsubstituted or substituted; X is either CH or N; Z is either oxygen,
nitragen (NR) or a covalznt bond; and R is H or alkyl. Optionally, “Z-Ar” is absent from
Formula 7.

Such compounds are disclosed as a7 selective ligands in, for instance, PCTs WO
00/042044, WO 02/096912, WO 03/08710Z, WO 03/037103, WO 03/087104, WO
05/030778, WO 05/0-42532 and WO 05/056 162, and US Patent 6,110,914, US Patent
6,269,224, US Patent 6,569,865, US Patent 6,703,502, US Patent 6,706,378, US Patznt
6,995,157, US Patent 7,123,826 and US Patsnt 7,196,096, each of which is incorporated
herein by referencs in its entirety.

Particular emhodiments according io the general Formula 7 include the following:
spiro[1-azabicyclo[2.2.2]octane-3,2-(3'H)-furo[2,3-b]pyridine];
5'-phanylepiro[1-azabicyclo[2.2.2]octane-3,2*-(3'H)-furo[Z,3-b]pyridine];
&'-(3-furanyl)spiro[1-azabicyclo[2.2.2]octane-3,2'-(3'H)-furo[2,3-b]pyridine];

- (2-thienyl)spiro[ 1-azabicyclo[2.2.2Joctane-3,2-(3'H)-furo[2,2-b]pyridine];
5'-(N-phenyl-N-methylamina)spiro[1-azabicyclo[2.2. 2Z]octane-3,2"-(3'H)-furo[2, 3-b]pyridine];
5'-(N-3-pyridinyl-M-methylamina)spiro[ 1-azabicyclo[2.2. 2]actane-3,2-(3'H)-furo[ 2, 3-
b]pyridine];

5'-(2-benzofuranyl)spiro[1-azabicyclo[2.2.2]octane-2,2'-(3'H)-fura[2,3- b]pyridine];

5'-(3-pyridinyl)spiro[ 1-azabicyclo[2.2.2]octane-3,2'-(3'H)-furo 2,2-blpyridine];
and pharmaceutically acceptable salts thereof.

~ Compounds useful according to the present invention also include compounds of
Formula 8:
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Formula 8

In Formula 8, Ar is an aryl group, either carbocyelic or heterocyclic, either
unsubstituted or substituted.

Such compounds are disclosed as o7 selactive ligands in, for instance, PCTs WO
05/005435 and WQ 06/065209, =ach of which is herein incarporated by reference in its
entirety. Particular embodiments according to the general Formula 8 include the

following:

and pharmaceultically aceeptable salts thereof.
Compounds useful according to the present invention also include compounds of

(O
®/ Ar

N

Formula 9:

Formula 9

In Formula 9, Ar is an aryl group, either carbocyclic or heterocyclic, gither monocyclic
or fused polycyclic, unsubstituted or substituted (preferably by aryl or aryloxy substituents).

Such compounds are disclosed as a7 selective ligands in, for instance, PCTs WO
04/016808, WO 05/066166, WO 05/066167, WO 07/013738, and US Patent 7,160,374,
each of which is herein incorporatzd by reference in its entirety.

Particular embodiments according to the general Formula 9 include the following:
2-[4-(1-azabicyclo[2.2.2]oct-3-yloxy)phenyl]-1H-indole; |

5-[2-(1-azabicycla[2.2.2]oct-3-yloxy)pyrimidin-5-yl]-1H-indole;
6-[4-(1-azabicyclo[2.2.2]oct-3-yloxy)phenyl]-1,3-henzothiazo-3-amine;
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and pharmaceulically acceptable salts thereof.
Compounds useful according to lhe present invention also include compounds of

Formula 10:

Formula 10

In Formula 10, Ar is an phenyl group, unsubstituted or substituted, and Z is either -
CH=CH- or a covalent bond.

Such compounds are disclosed as a7 ligands in, for instance, PCTs WO 92/15306,
WO 64/05288,WO0 §9/10338, WON4/019943, WO 04/052365 and WO (5/133303, and US
Patent 5,741,802 and US Patent 5,977,144, each of which is herein incorporated by
reference in its entirety.

Particular embodiments aceording to the general Formula 10 include the following:
3-(2,4-dimethoxybenzylidene)anabaseine;
3-(d-hydroxybenzylidene)anahaseins;
3-(4-methoxybenzylidene)anabaseine;
3—(4—aminobenzylidene)anabaseine;
3-(4-hydroxy-2-methoxybenzylidene)anabaseine;
3-(2-hydroxy-4-methoxybenzylidene)anabaseine,
3-(d-isopropoxybenzylidene)anabaseine;
3-(4-acetylaminocinnamylidene)anabaseine;
3-(4-hydroxycinnamylidens=)anabaseine;
3-(4-methcxycinnamylidene)anabaseine;
3-(d-hydroxy-2-methoxycinnamylidene)anabaseine;
3-(2,4—dimetho:\ycinnamylidene)anabaseine;
3-(4-acetoxycinnamylidene)anabas=ine;
and pharmaiceutically acceptable salts thersof.

Compounds useful according o the present invention also include compounds of

Formula 11:
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In Formula 11, nis 1 or 2; R is H or alkyl, but most preferably meathyl; X is nitrogen or

Formula 11

CH; 2 is NH or a covalent bond, and whan X is nitrogen, Z must be a covalent bond; and Ar
is an indolyl, indazolyl, 1,2-benzisoxazolyl or 1,2-benzisothiazolyl moiety, attachad in each
case via the 3 pasition to the carbonyl.

Such compounds are disclosed as «7 ligands in, for instance, PCT WQ 06/001394,
herein incorporated by reference in its entiraty.

Particular embodiments according 1o the genaral Formula 11 include the following:
(S-methyl-8-azahicyclo[3.2.1]oct-3-y1)-6-(2-thienyl)-7H-indazola-3-carboxamide;
3~((3-methyl-2,8-diazabicyclo[3.2. 1]oct-2-yl)carbonyl)-7H-indazol=;
3-((8-methyl-3,8-diazabicyclo[3.2. 1]oct-3-yl)sarkonyl)-7H-indazole;
£-mathoxy-M-(9-methyl-g-azabicyclo[2.2.1]non-3-yl)-7H-indazole-3-carboamide;
B-methoxy-N-(9-methyl-9-azabicyclo[3.2. 1 Jnon-3-y1)-1,2-henzisnthiazole-3-carboxamide; and
pharmaceutically acceptable salts thergof.

Synthetic Examples

(28,3R)-3-amino-2-((3-pyridinyl)methyl)-1 -azabicyclo[2.2.2]octane di-p-toluoyl-D-
tartrate salt

The following large scale synthesis of (28,2R)-2-amino-2-((3-pyridinyimethyl)-1-

2-((3-Pyridinyl)methylens)-1-azabicyclo[2.2. Sloctan-3-one
3-Quinuclidinone hydrochloride (8.25 kg, 51.0 mol) and methanol (49.5 L) were added to a

100 L glass reaction flask, under an nitrogen atmosphere, 2quipped with a nechanical
stirrer, temperatura probe, and condenser. Potassium hydroside (5.56 kg, 99.0 mol) was
addead via a powder funnel over an approximately 30 min period, resulling in a rise in
reaction temperature from 50°C to 56°C. Over an approximately 2 h period, 3-
pyridinecarboyaldehyde (+4.80 kg, 4.9 mol) was added fo the reaction mixture. The
resulting mixture was stirred at 20°C + 5°C for a minimum of 12 h, as the reaction was
monitored by thin layer chromatography (TLC). Upon complstion of the reaction, the
reaction mixture was filterad through a sintered glass funnel and the filter cake was washed
with methanol (74.2 L. The filtrate was concentrated, transferred to a reaction flask, and
water (56.0 L) was added. The suspension was stirred for @ minimum of 30 min, filterad,
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and the filter cake was washed with water (90.0 L) until the pH of the rinse was 7-9. The

solid was dried under vasuum at §0°C x 5°C for a minimum of 12 h to give 8.58 kg (89.3%)

(28)-2-((3-pvridinyl)methyl}-1-azabicyclo[2.2.Joctan-3-one di-p-toluoyl-D-tartrats salt

2-({3-Pyridinyl)methylene)-1-azabicyclo[2.2.2]octan-3-one (5.40 kg, 25.2 mol) and methanol
(40.5 L) were added to a 72 L reaction vessel under an inert atniosphere equipped with a
machanical stirrer, tempsrature probe, low-pressure gas regulator system, and pressure
gauge. The headspace was filled with nitrogen, and the mixture was stirred to obtain a clear
yellow solution. To the flask was added 10% palladium on carbon (50%% wet) (270 g). The
atmosphere of the reactor was evacuated using a vacuum pump, and the headspace was
replaced with hydrogen to 10 to 20 inches water pressure. The evacuation and
pressurization with hydrogen were repeated 2 more times, leaving the reactor under 20
inches water pressure of hydrogen gas after the third pressurization. The reaction mixture
was stirred at 20°C + 5°C for a minimum of 12 h, and the reaction was monitored via TLC.
Upan completion of the reaction, the suspension was filtered through a bed of Celite®745
(1.9 kg) on a sintzred glass funnel, and the filter cake was washed with methanol (10.1 L).
The filtrate was concentrated to obtain a semi-solid which was transferred, undar an nitrogen
atmosphere, to a 200 L reaction flask fitbzd with a mechanical stirrer, condenser, and
temperature probe. The semi-solid was dissolved in ethanal (57.2 L), and di-p-toluoyl-D-
tartaric acid (DTTA) (9.74 kg, 25.2 mol) was added. The stirring reaction mivture was
heated at refiux for a minimum of 1 h, and for an additional minimum of 12 h while the
reaction was cooled to betwaen 15°C and 30°C. The suspension was filtered using a
tabletop filter, and the filter cake was washed with ethanol (11.4 L). The product was dried
undsr vacuum at ambient temperature to obtain 11.6 kg (78.2% yield, 59.5%; factored for

salt.

(23.3R)-3-Amino-2-{(3-pyridinyl)methyl)-1-azabicyelo[2.2.2]octane di-p-toluoyl-D-tartrate salt
Water (46.25 L) and sodium bicarbonate (4.35 kg, 51.8 mnl) were added to a 200 L flask.
Upon complete dissolution, dichloromethane (69.4 L) was added. (28)-2-((3-
Pyridinyl)methyl)-1-azabicyclo[2.2.2]octan-3-one di-p-toluoyl-D-tartrate salt (11.56 kg, 19.19
mol) was added, and the reaction mivture was stirred for betwaen 2 min and 10 min. The

layers were allowed to separate for a minimum of 2 min (additional water (20 L) was added
when necessary to partition the layers). The organic phase was removed and dried over
anhydrous sodium sulfate. Dichloromethane (34.7 L) was added to the remaining aqueous
phase, and the suspension was stirred for between 2 min and 10 min. The layers were
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allowed to separate for between 2 min and 10 min. Again, the organic phase was removed
and dried over anhydrous sodium sulfatz. The extraction of the aqueous phase with
dichloromethane (3-4.7 L) was repeated one mors lime, as above. Samples of each
exvtraction were submitted for chiral HPLC analysis. The sodium sulfate was remaved by
filration, and the filtrates were concentrated to obtain (28)-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]octan-3-one (4.0 kg) as a solid.

The (28)-2-((3-pyridinyl)melhyl)-1-azabicyclo[2.2.Z]octan-3-one (3.8 kg) was lransferred to a
clean 100 L glass reaction flask, under a nitrogen atmosphere, fitted with a mechanical
stirrer and temperature proba. Anhydrous tetrahydrofuran (7.24 L) and (+)-(R)-a-
meathylbenzylamineg (2.55 L, 20.1 mol) wera added. Titanium(1V) isopropoxide (5.47 L, 21.8
mal) was added to the stirred reaction mixture over a 1 h period. The reaction was stirrad
urider a nitrogen atmosphere for a minimum of 12 h. Ethanol (36.17 L) was added to the
reaction mixture. The reaction mixture was cooled to below -5°C, and sadium borohydride
(1.53 kg, 40.5 mol) was adde: in portions, keeping the reaction temperature below 15°C
{this addition took: several hours). The reaaction mirture was then stirred at 15°C + 10°C for a
minimum of 1 h. The reaction was monitored by HPLC, and upan complation of the reaction
(as indicated by less than 0.5% of (28)-2-((3-pyridinyl)retiyl)-1-azabicyclo[2.2. Z]Joctan-3-
one remaining), 2 M sodium hydroxide (15.99 L) was addes and the mixture was stirred for a
minimum of 10 min. The reaction mivture was filterad through a bed of Celite®545 in a
tabletop funnel. The filtar cake was washed with ethanol (15.23 L), and the filtrate was
concentrated to obtain an oil.

The concentrats was transferredl to a clean 100 L glass reaction flask equipped with a
mechanical stirrer and temperature probe under an inert atmosphere. Water (1 L) was
added, and the mixture was coolen to 0°C £ 5°C. 2 M Hydrochloric acid (24 L) was added to
the mixture to adjust the pH of the mivture to pH 1. The mixture was then stirred for a
minimum c-f 10 min, and 2 M sodium hydroxide (24 L) was slowly added to adjust the pH of
the mixture to pH 14. The mixlure was stirred for a minimum of 10 min, and the aqueous
phase was extracted with dichloromethane (3« 15.23 L). The organic phases were dried
over anhydrous sodium sulfate (2.0 kg), filtered, and concentrated to give (2S,2R)-N-((1R)-
phenylathyl)-3-amino-2-((3-pyridinylYmethyl) )-1-azabicyclo[2.2.2]octane (4.80 kg, &4.7%

yield).
was transferred to a 22 L glass flask equipped with a mechanical stirrer and temperature

probe under an inert atmosphere. Water (4.8 L) was added, and the stirring mivture was
cooled to 5°C + 5°C. Concentrated hydrochloric acid (2.97 L) was slowly added to the
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reaction flask, ke=ping the temperature of the mixture below 25°C. The resulting solution
was transferred to a 72 L reaction flask containing ethanol (18 L), equipped with a
mechanical stirrer, tempsratur2 probe, and condenser under an inert atmosphere. To the
flask was acdded 10% palladium on carbon (50% wet) (311.1 g) and cyclohexene (14.36 L).
5  The reaction mixture was heated at near-reflux for a minimum of 12 h, and the reaction was

monitored by TLC. Upon completion of the reaction, the reaction mixiure was cooled to
below 45°C, and it was filtered through a bad of Celite®545 (1.2 kg) on a sintered glass
funnel. The filter cak:e was rinsed with ethanol (3 L) and the filt.rate was concentrated to
obtain an aqueous phase. Water (500 mL) was added to the concentrated filtrate, and this

10 combined aqueous layer was washed with methyl tert-butyl ether (MTBE) (2x4.79L). 2M
Sodium hydroxide (19.5 L) was added to the aqueous phase to adjust the pH of the mixture
to pH 14. The mixture was then stirred for a minimum of 10 min. The aqueous phase was
extractad with chloroform (4 % 11.95 L), and the combined organic phases wera dried over
anhydrous sodiumn sulfate (2.34 kg). The filtrats was filtered and concentrated to obtain

15 (28,3R)-3-amino-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octane (3.49 kg, > quantitativa

yield) as an qil.

clean 100 L reaction flask equipped with a mechanical stirrer, condenser, and temperature
probe under an inert atmosphere. Ethanol (38.4 L) and di-p-toluoyl-D-tartaric acid (3.58 kg,

20 6.27 mol) were added. The reaction mirxture was heated at gentle reflux for a minimum of 1
h. The reaction mixlurs was then stirred for a minimum of 12 h while it was cooled to
between 15 °C and 30°C. The resulting suspension was filtered, and the filter cake was
washed with ethanol (5.76 L). The filter cake was transferred to a clean 100 L glass reaction
flask equipped with a machanical stirrer, temperature probe, and condenser under an inert

26 atmosphere. A 9:1 ethanol/watzr solution (30.7 L) was added, and the resulting slurry was
heated at gentle reflux for a minimum of 1 h. The reaction mixture was then stirred for a

“minimurm of 12 h while cooling to between 15 °C and 30°C. The mixture was filtered and the
filter cak.e was washed with athanol (5.76 L). The product was collected and dried under
vacuum at 50°C * 5°C for a minimum of 12 h to give 5.63 kg (58.1% yield) of (2S,3R)-3-

30 amino-2-((3-pyridinyl)methyl)-1-azabicyclo[Z.2.2]octane di-p-toluoyl-D-tartrate salt.
Compound A: (28,3R)-N-(2-((3-Pyridinyl)methyl)-1-azabicyclof2.2.2]octan-3-yl)-5-
methylthiophene-2-carboxamide
(QS,3R)—3-Amino—fz-((S-pyridi|1y|)n1et|1yl)-1-azabicyclu:|[2.2.2]0ctane di-p-toluoyl-D-tartrate salt
(51.0 g, 4.5 mimal), water (125 mL), 2 M sodium hydroxide (150 mL) and chlorofornm (400

35  mL) were shaken together in a separatory funnel, and the chloroform layer was drawn off.
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The aqueous layer was extracted three more times with chloroform (2 » 200 mL, then 100
mL). The combined chlorcform layers were washed with saturaled aqueous sodium
chloride, dried aver anhydrous sodium sulfate and concentrated by rotary evaporation. High
vacuum treatment l&ft (28,3R)-3-amino-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]actane
(18.0 g) as an oil. L

The ('28,3R)-.?,-amino-2-((3—pyridinyl)methyl)-1-a:abicyclo[2.2.2]octane was
transfeired to a 1 L glass reaction flask under an inert atmosphere. Dichloromethane (500
mL), triethylamine (40 mL, 0.30 mol), 5-methylthiophene-2-carboxylic acid (13.5 g, 94.9
mmal) and O-(benzotriazol-1-y1)-N,N,N, 1-tetramethyluronium hexafluorophosphate (HBTU)
(36.0 g, 94.9 mmol) were added to the raaction mixture. The mixturs was stirred overnight
at ambient temperalure, and at which lime the reaction was complete by HPLC. Water (200
mL), 2 M sodium hydrozide (200 mL) were adided to the raaction, and the resulting mixture
was shakean. The dichloromsthane laysr and a 200 mL dichloromathane extract of the
aqueous layer were combined and washed with saturated aqueous sodium chlorida (200
mL), dried over-anhydrous sodium sulfate and concentrated, by rotary evaporation, to give
an oil (quantitative yield). Column chromatographic purification on silica gel, eluting with a
methanal in ethyl acetate gradient, gave (28,3R)-M-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]ontan-3-yl)-E-methylthiophzne-2-carboxamide (22.6 ¢, 72.5% yield) as a

powder.

reaction Mlask under an inert atmosphsare. Dichloromathane (200 mL), triathylamine (10 mL,
72 mmol), 5-(2-pyridinylythiophene-2-carbovylic acid (6.0 ¢, 29 nimol) and O-(benzotriazol-1-
yI)-N, M, N, i-tetramethyluronium herafluorophosphate (HBTU) (11.1 g, 29.2 mmol) were
added to the reaction mivture. The mixture was stirrad svernight at ambient temperaturs,
and at which time the r=action was complate by HPLC. Water (100 mL), 2 M sodium
hydroxide (100 nL) were added to the reaction, and the resulting mixture was shaken. The
dichloromethane layer and two 250 mL dichloromethane extracts of the aqueous layer were
combhined and washed with saturated aqueous sodium chioride (200 mL), dried over
anhydrous sodium sulfate and concentratzd, by rotary evaporation, to give an oil
(quantitative yield). Column chromatagraphic purification on silica gel, eluting with a
methanol in ethyl acetate gradient, gave (28,2R)-N-(2-((3-pyridinyl)methyl)-1-
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azabicyclo[2.2.2]octan-3-yl)-5-(2-pyridinyl)ihiophene-2-carboxamide (3.0 g, §0% yield) as a
powder.
Compound C

(28, 3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octan-3-yl)benzofuran-2-
5 carboxamide ‘
Racemic N-(2-((3-pyridinylymethyl-1-azabicyclo[2.2.2]oct-3-yl)henzofuran-2-carboxamide, a

synthesis, and utility in medical treatment, is described in US Patent Mo. 6,953,855 to

Mazurov et al, herein incorporated by reference.

Particular synthetic steps vary in their amenability to scale-up. Reactions are found lacking
10 in their ability to be scaled-up for a variety of reasons, including safety concerns, reagent

expenss, difficull work-up or purification, reaction energetics (thermodynamics or Kinetics),

and reaction yield. Both smiall scale and large scals synthetic methods are herein described.

The scalable synthesis utilizes both the dynanic resalution of a racemizable ketone (2-((3-

pyridinylymethyl)-1-azabicyclof[2.2.2]octan-3-one) and the sterzoselective reduction of ths
15  (R)}-a-methylbenzylamine imine derivative (reductive amination) of the resclved ketone.

Small scale |

2-((3-Pyridinyl)methylane)-1-azabicyclo[2.2. 2octan-3-one

Potassium hydroxidz (52 g, 0.54 mole) was dissolved in methanol (420 mL). 3-

Quinuclidinone hydrochloride (75 g, 0.49 male) was added and the mixture was stirred for 30
20 min at ambient temperature. 3-Pyridinecarbo=aldehyde (58 g, 0.54 mole) was added and
the mixture stirred for 16 h at ambient temperature. The reaction mixturz became yellow
during this periad, with solids caking on the walls of the flask. The solids were scraped from
th= walls and the chunks broken up. With rapid stirring, water (390 mL) was added. When
the solids dissolved, the mixture was cooled at 4°C overnight. The crystals were collected
by filtration, washed with water, and air drizd to obtain 80 ¢ of yellow solid. A second crop
(@ g) was oblained by concentration of the filtratz to ~10% of its former volume and cooling

ro
[&)]

at 4°C overnight. Both crops were suffliciently pure for furthar transformation (88 g, 62%

yield).

[
Des

in methanol (200 mL) and (reated with 46 mL of 6 M hydrochloric acid. 10% Palladium on
carbon (1.6 g) was added and the mixturs was shaken under 25 psi hydrogen for 16 h. Tha

mixture was filtered through diatomaceous earth, and the solvent was removed from the
filtrate by rotary evaporation. This provided crude 2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2)octan-3-one hydrochioride, as a white gum (20 g), which was subsequently

(WL
o
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{reated with 2 M sodium hydroxide (50 mL) and chloroform (50 mL) and stirred for an hour.
The chloroform layer was separat=d, and the agqueous phase was treated with 2 M sodium
hydrozide (<=5 miL, enough to raise the pH to 10) and saturated aqueous Sodium chlaride (25
mL). This aqueous mixture was axtracted with chloroform (3 x 10 mL), and the comhined

[}

chloroform eviracts were dried (anhydrous magnesium sulfate) and concentrated by rctary
evaporation. The residue (18 g) was dissolved in warm ether (320 mL) and cooled to 4°C.
The white solid was filtsred off, washed with a small portion of cold sther and air dried.
Concentration of the filtrate to ~10% of its former volume and cobling at 4°C produced a
second crop. A combined yield 1€ g (79%) was obtained.

10 3-Amino-2-((2-pyridinylimethyl)-1-azabicyclof2.2. 2octane

To a stirred soluticn of 2-((3-pyridinyl)methyl)-1-azabicycla[2.2.2]octan-3-one (3.00 g, 13.9

mmol) in dry mathanal (20 mL), under nitrogen, was added a 1 M solution of zinc chioride in
ether (2.7 mL, 2.78 mmol). After stining at ambient temperature for 20 min, this mivture
was treated with solid ammaonium formate (10.4 g, 167 mmal). After stirring another hour at

16  ambient terperature, solid sodium cyancbarohydrides (1.75 g, 27.8 mmol) was added in
portions. The reaction was then stirred at ambient temperature overnight and terminated by
addition of water (~ 5 mL). The guenched reaction was partitioned betwezn 5 M sodium
hydroxide (10 mL) and chlaroform (20 mL). The aqueocus layer was extracted with
chloroform (20 mL), and combined arganic layers were dried (sodium sulfate), filtered and

20 concentrated. This left 2.97 g of yellow gum. GCMS analysis indicated that the product was
a 1:9 mixtura of the cis and trana amines, along with a trace of the corresponding alcohal

(98% total mass recovery).

Di-p-toluoyl-D-tartaric acid (5.33 g, 13.8 mmol) was added to a stirrzd solution ¢f cruda 3-

in methanol (20 mL). After complete dissclution, the clear solution was then concentratzd to
a solid mass by rotary #vaporation. The salid was dissolved in a minimum amount of boiling
methanol (~5 mL). The solution was éooled slawly, first to ambient temperature (1 h), then
for ~ 4 h at 5°C and finally at -5°C overnight. The precipitated salt was collected by suction
filtration and recrystallized from 5 mL of mathanol. Air drying left 1.4 g of white solid, which

w
Yo}

was partiticned hetween chloroform (5 mL) and 2 M sodium hydroxide (5 mL). The
chloroform layer and a 5 mL chloroform extract of the aqueous layer wers combined, dried
(anhydrous sodium sulfate) and concentrated (o give a colorless oil (0.434 g). The
enantiomeric purity of this free base was determined by conversion of a portion into its N-

42



[8) ]

o
(4]

35

WO 2009/018511 PCT/US2008/071893

(tert-buto>ycarbonyl)-L-prolinamide, which was then analyzed for diastereomeric purity
(98%) using LCMS.

The mother liquor from the initial crystallization was made hasic (~ pH 11) with 2 M sodium
hydroxide and extracted twice with chloroform (10 mL). The chloroform extracts were dried
(anhydrous sodium sulfate) and concentratzd to give an cil. This amine (3.00 g, 13.8 mmol)
was dissolved in methanol (10 mL) and treated with di-p-tolunyl-L-tartarie acid (2.76 g, 6.90
mmol). The mixture was warmed to aid dissolution and then cooled slowly ta -5°C, where it
remainad overnight. The pracipitate was collectad by suction filtration, recrystallized from
methanal and dried. This left 1.05 g of whitz solid. The salt was converted into the free
base (yield = 0.364 g), and the enantiomeris purity (97%) was assessed using the
prolinamide method, as described above for the other enantiomer.

Trans izomer 1 of l\l-(Q-(('S-Dvridinvl‘)melhvl)-1-a:abicvclo[:’.2.21octan-3-vl)l>enzofuran-2—

carboxamide

Diphenylchlorophasphate (.35 mlL, 0.46 g, 1.7 mmol) was added drop-wise to a solution of
benzofuran-2-carboxylic acid (0.23 g, 1.7 mmol) and tristhylamine (0.24 mL, 0.17 g, 1.7
mmol) in dry dichloromethane (5 mL). After stining at ambient temperature for 30 min, a
solution of (28,3R)-3-amino-Z-((3-pyridinyl)methyl)-1 -azabicyclo[Z..’_‘.2]octane' (0.237 g, 1.55
ramol) {that derived from the di-p-loluoyl-D-tartaric acid sait) and triethylamine (0.24 mL,
0.17 g, 1.7 mmol) in dry dichloromethane (5 L) was added. The reaction mixture was
slirred overnight at ambient temperature, and then treated with 10% sodium hydroxide (1
mL). The biphasic mixture was separated, and (he organic layer was coneantrated on a
Genevac centrifugal evaporator. The residue was dissolved in methanol (6 mL) and purified
by HPLC on a C128 silica gel column, using an acetonitrile/watar gradient, containing 0.05%
rifluorcacetic acid, as eluent. Concentration of selectad fractions, partitioning of the
rasulting residue between chloroform and saturated aqueous sodium bicarbonate, and
evaporation of the chlorsform gave 0.310 g (42% yield) of white powder (95% pure by
GCMS). 'H NMR (300 MHz, CDCl;) 5 8.51 (d, 1H), &.34 (dd, 1H), 7.66 (d, 1H), 7.58 (dt,
1H), 7.49 (d, 1H), 7.44 (s, 1H), 7.40 (dd, 1H), 7.29 (t, 1H), 7.13 (dd, 1H), 6.63 (d, 1H), 3.95
(t, 1H), 2.08 (m, 1H), 2.95 (m, 4H), 2.78 (m, 2H), 2.03 (m, 1H), 1.72 (m, 3H)Y, 1.52 (m, 1H).
This material (trans shantiomer 1) was later datermined to be identical, by chiral
chromatogrphic analysis, to material whose absolute configuration is 2S,3R (established by

x-ray crystallographic analysis).

Trans isomer 2 of N-{2-{{3-pyridiny)meathy)-1-azabicyclo[2.2. 2]octan-3-yl)benzofuran-2-

carboxamide
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Diphenylchlorophosphate (96 pL, 124 mg, 0.46 mmol) was added drop-wise to a solution of
the benzofuran-2-carboxylic acid (75 mg, 0.4% mmol) (that derived from the di-p-taluoyl-L-
tartaric acid salt) and triethylamine (64 pL, 46 mg, 0.46 mmol) in dry dichloromsthane (1
mL). After stiring at ambient temperature for 45 min, a solution of (2R,38)-3-amino-2-((3-
pyridinyl)msthyl)-1-azabicyclo[2.2.2]cctane (0.10 g, 0.46 mimol) and tristhylamine (64 pL, 46
mg, Q.46 mmal) in dry dishloromeathane (1 mL) was addad. The reaction mixture was stirred
overnight at ambient temperature, and then treated with 1025 sodium hydroxide (1 mbL). The
biphasic mixture was separated, and the organic layer and a chioroform extract (2 mL) of the
aqueous layer was concentrated by rotary evaporation. The residus was dissolved in '
methanol and purified by HPLC an a C18 silica gel column, using an acetonitrile/water
gradiant, containing 0.05% Uifluoroacetis acid, as eluent. Concentration of selected
fractions, partitioning of the resulting residue betwsen chloroform and saturated aqueous
sodium bicarbonate, and evaporation of the chloraform gavs 82.5 mg (50% yield) of a whit2
powder. The NMR spectrum was identical to that obtained fer the (2S,3R) isomer.

Since the immediate precursor of this material (frans snantiomer 2) is enantiomeric to the
immediate precursor of 28,3R compound (trans enantiomer 1), the absclute configuration of

trans enantiomer 2 is presumed to be 2R,3S.

Large scale

~.((3-Pyridinyl)methylenes)-1-azabicyelo[2. 2. ZJoctan-3-one
3-Quinuslidinone hydrachloride (8.25 kg, 51.0 mal) and methanol (49.5 L) werz added to a

100 L glass reaction flask, under an nilrogen atmosphers, equipped with a mechanical
stirrer, temperature probe, and condenser. Potassium hydroxide (5.55 kg, 99.0 mol) was
added via a powder funnel over an approximately 30 min period, resulting in a rise in
reaction temperature from 50°C to 58°C. Qver an approximataly 2 h period, 3-
pyridinecarbovaldehyde (4.80 kg, 44.9 mol) was added to the reaction mixture. The
resulting mixture was stirred at 20°C % 5°C for a minimum of 12 h, as the reaction was
monitored by thin layer chromatography (TLC). Upan completion of the reaction, the
reaction misture was filtsred through a sintzred glass funnel and the filter cake was washed
with methanol (74.2 L). The filtrate was concentrated, transferred to a reaction flask, and
water (66.0 L) was added. The suspension was stirred for a minimum of 30 min, filtered,
and the filter cake was washed with water (90.0 L) until the pH of the rinse was 7-9. The
solid was dried under vacuum at 50°C + 5°C for a minimum of 12 h to give 8.58 kg (89.3%)
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2-((3-Pyridinyl)msthylene)-1-azabicyclo[2.2.2]octan-3-0ne (5.40 kg, 25.2 mol) and methanol
(40.5 L) were adided to a 72 L reaction vessel undsr an inert atmosphere equipped with a
mechanical stirrer, temperature probe, low-pressure gas regulator system, and pressure
gauge. The headspace was filled with nitrogen, and the mivture was stirred to obtain a clear

(%]

yellow solution. To the flask was adided 10?5 palladium on carban (50°5 wet) (270 g). The
atmosphere of the reactor was evacuated using a vacuum pump, and the headspace was
replaced with hydrogen to 10 to 20 inches water pressure. The evacuation an:l
prassurization with hydrogen were repeated 2 more times, leaving the reactor under 20
inches water prassure of hydrogan gas after the third pressurization. The reaction mixture
10 was stirred at 20°C + 5°C for a minimum of 12 h, and the reaction was monitored via TLC.
Upaon complation of the reaction, the suspension was filtered through a bed of Celite®345
(1.9 kg) on a sinlered glass funnel, and the filter cake was washad with methanol (10.1 L).
The filtrate was concentraled to obtain a semi-solid which was transferred, under an nitrogen
atmosphere, to a 200 L reaction flask fitted with a mechanical stirrer, condenser, and
15 temperature probe. The semi-solid was dissolved in ethanol (57.2 L), and di-p-tcluoyl-D-
tartaric acid (DTTA) (9.74 kg, 25.2 mol) was addad. The stirring reaction mixture was
heated at reflux for 2 minimum of 1 h, and for an additional minimum of 12 h whils the
reaction was cooled to between 15°C and 30°C. The suspension was filtered using a
tablatop filter, and the filter cake was washed with sthanol (11.4 L). The product was dried

)

under vacuum at ambient temperature to obtain 11.6 kg (76.2% yield, 59.5% factorzd for

P

purity) of (28)-2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]octan-3-one di-p-toluoyl-D-tartrate

salt.

Water (46.25 L) and sodium bicarbonate (4.35 kg, 51.8 mol) were added to a 200 L flask.

25 Upan complete dissolution, dichloramethane (69.4 L) was added. (28)-2-((3-
Pyridinyl)methyl)-1-azabicyclo[2.2. 2]octan-3-ons di-p-toluoyl-D-tartrate salt (11.56 kg, 19.19
mol) was added, and the reaction mixture was stirred for between 2 min and 10 min. The
layers were allowed to separate for a minimum of 2 min (additional water (20 L) was added
when necessary to partition the layers). The organic phase was removed and dried over

30 anhydrous sodium sulfate. Dichloromethane (34.7 L) was added to the remaining aqueous
phase, and the suspension was stirred for betwzen 2 min and 10 min. The layers were
allowed to separate for between 2 min and 10 min. Again, the organic phase was removed
and dried over anhydrous sodium sulfate. The extraction of the aqueous phase with
dichloromethane (34.7 L) was repeated one more time, as above. Samples of each

35  extraction were submitted for chiral HPLC analysis. The sodium sulfate was removed by
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filtration, and the filirates were concentrated to obtain (28)-2-((2-pyridinyl)mathyl)-1-

clean 100 L glass reaction flask, under a nitrogen atmosphere, fitted with a mechanical
stirrer and temperature probe. Anhydrous tetrahydrofuran (7.24 L) and (+)-(R)-a-
methylbenzylamine (2.55 L, 20.1 mol) ware added. Titanium(IV) isopropoxide (6.47 L, 21.3
mol) was added to the stirred reaction mixture over a 1 h period. The reaction was stirred
under a nitragen atmosphere for a minimum of 12 h. Ethanol (26.17 L) was added to the
reaction mixture. The reaction mivture was cocled to below -5°C, and sodium borohydride
(1.53 kg, 40.5 mol) was added in portions, keeping the reaction temperature below 15°C
(this addition took several hours). Ths reaction mixture was then stirred at 15°C + 10°C for a
minimum of 1 h. The reaction was monitored by HPLC, and upon completion of the reaction
(as indicated by less than 0.5%; of (28)-2-((3-pyridinyl)mesthyl)-1-azabicyclo[2.2.Z]octan-3-

one remaining), 2 M sodium hydroxide (15.99 L) was added and the mi-ture was stirred for a

minimum of 10 min. The reaction mivture was filterad through a bad of Calita®545 in a
tablatop funnel. The filter cake was washad with sthanol (15.23 L), and the filtrate was
concentrated to obtain an oil.

The concentrate was transferred to a clean 100 L glass reaction flask equipped with a
mechanical stirrer and temperature probe under an inert atmosphére. Water (1 L) was
added, and the mixture was cooled to 0°C % 5°C. 2 M Hydrochloric acid (24 L) was added to
the mixture to adjust the pH of the mixture to pH 1. The mivture was then stirred for a
minimum of 10 min, and 2 M sodium hydroxide (24 L) was slowly added to adjust the pH of
the mixiure to pH 14. The mixture was stirred for a minimum of 10 min, and the aqueous
phase was extractad with dichloromethana (3 x 15.23 L). The organic phases were dried
over anhydrous sodium sulfate (2.0 k), filter=d, and concentrated to give (2S,3R)-N-({1R)-
phenylethyl)-3-amino-2-((3-pyridinyl)methyl) )}-1-azabicyclo[2.2.2]octane (4.80 kg, 84.7%
yield).

The (28,3R)-N-({1R)-phenylethyl)-3-amino-2-((2-pyridinyl)methyl)-1-azabicyclo[Z.2.2]octane
was transferred to a 22 L glass flask equipped with a mechanical stirver and temparaturs
probe under an inert atmosphere. Water (4.2 L) was addad, and the stirring mixtur= was
cooled to 5°C + 5°C. Concentrated hydrochloric acid (2.97 L) was slowly added to the
reaction flask, keeping the temperature of the mixture below 25°C. The resulting solution
was transferrad to a 72 L reaction flask containing ethanol (18 L), equipped with a
mechanical stirrer, temperature probe, and condenser under an inert atmosphere. To the
flask was added 10% palladium on carbon (5055 wet) (311.1 g) and cyclohexene (14.36 L).
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The reaction mixture was heated at near-refluy for a minimum of 12 h, and the reaction was
monitored by TLC. Upon completion of the reaction, thes reaction mixture was cooled to
below 45°C, and it was filtered through a bad of Celite®545 (1.2 kg) on a sintered glass
funnel. The filter cake was rinsed with ethanol (3 L) and the filtrate was concentrated to
obtain an aqusous phase. Water (500 mlL) was added to the concentrated filtrate, and this
combined aqueous layer was washed with methyl tert-butyl ether (MTBE) (2x 4.79L). 2M
Sodium hydroxide (12.5 L) was added to the aqueous phase to adjust the pH of the mixture
to pH 14. The mixture was then stirred for a minimum of 10 min. The aqueous phase was
extracted with chloroform (4 ¥ 11.96 L), and the combined organic phases were dried over
anhydrous sodium sulfate (2.24 kg). The filtrate was filtered and concentrated to obtain
23,3R)-3-amina-2-((3-pyridinylymathyl)-1-azabicyclo[Z.2.Z]octane (2.49 kg, > quantitative
yield) as an oil. —

The (28,3R)-2-aminc-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. 2]octane was transferrad to a
clean 100 L reaction flask equipped wi ith a mechanical stirrer, condenser, and temperature
probe under an inert almosphere. Ethanol (32.4 L) and di-p-toluoyl-D-tartaric acid (3.58 kg,
.27 mol) were added. The reaction mixture was heated at gentle reflux: for a minimum of 1
h. The reaction mivture was then stirred for a minimum of 12 h while it was cooled to
between 15°C and 30°C. The resulting suspension was filtered, and the filter cake was
washead with ethanol (5.76 L). The filter cake was transfarred {0 a clean 100 L glass reaction
flask equipped with a mechanical stirrer, tsmperature probe, and condenser under an inert
atmosphere. A 9:1 ethancl/water solution (30.7 L) was added, and the resulting slurry was
heatad at gentle refluy: for a minimum of 1 h. The reaction mixturs was then stirred for a
minimum of 12 h while cooling to betwzen 15°C and 30°C. The mixture was filtered and the

filter cake was washed with ethanol (5.76 L). The product was collected and dried under

vacuum at 50°C + 5°C for a minimum of 12 h to give 5.63 kq (56.1% vield) of (2S,2R)-3-

amino-2 -(('.'-DYI idinyl)methyl)- 1-azabicyclo[2.2.2]octane di-p-toluoyl-D-tartrate salt.
henzofuran-2-carhovanide

(28,3R)-3-Aminn-2 -((o-pyn idinyl)methyl)-1-azabicycla[2.2.2]octane di-p-toluoyl-D-tartrate salt
(.64 kg, 5.96 mol) and 10% agueaus sodium chloride solution (14.4 L, 46.4 mol) were
added to a 72 L glass reaction flask squipped with a mechanical stirrer under an inert

| atmosphers. 5 M Sodium hydroxide (5.09 L) was added to the slirring mixture (o adjust the

pH of the mixture to pH 14. The mixture was then stirred for a minimum of 10 min. The
aqueous solution was extracted with chloroform (4 % 12.0 L), and the combinad organic
layers ware dried over anhydrous sodium sulfate (1.72 kg).” The combined organic layers
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were filtered, and the filtrate was concentrated to obtain (28,3R)-3-amino-2-((3-

50 L glass reaation flash: equipped with a mechanical stirrer under an inert atmosphere.
Dichloromethane (18.5 L), triethylaming (847 L, 6.08 mol), benzofuran-2-carbaxylic acid
(942 g, 5.85 mol) and O-(benzotriazol-1-yl)-N,N,M, 1-tetramethyluronium
hevafluorophosphata (HBTU) (2.17 kg, 5.85 mol) were added to the reaction mixture. The
mixture was stirred for a minimum of 4 h at ambiznt temperature, and the reaction was
monitored by HPLC. Upon completion of the reaction, 10% agusous potassium carbonate
(12.7 L, 17.1 mol) was added to the reaction mixture and the mixture was stirred for a
minimum of 5 min. The layers were separated and the crganic phase was washed with 10%
brine (12.7 L). The layers ware separated and tha organic phase was cooled to 15°C + 10
°C. 3 M Hydrochloric acid (8.0 L) was slowly addzd to the reaction mixture to adjust the pH
of the mixture to pH 1. Thea mixture was then stirred for a minimum of 5 min, and the layers
were allowzd to partition for a minimum of 5 min. The solids were filterad using a tablz top
filter. The layers of the filtrate were separated, and the agquecus phase and the solids from
the funnel were transferrad to the reaction flask. 3 M Sodium hydroxide (9.0 L) was slowly
added to the flask in partions to adjust the pH of the mixture to pH 14. The aqueous phase
was exiracted with dichloromethane (2 = 1 6.5 L). The combined organic phases wers dried
aver anhydrous sodium sulfate (1.71 kg). The mixture was filterzd, and the filtrate was
concentratad to give (28,2R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2. Z]octan-3-
ylhbenzofuran-2-carbovamide (1.63 kg, 77.0% yield) as a yellow solid.
(28.3R)-N-(2-((2-pyridiny)methyl)-1-azahicyclo[2.2.2]oct-3-yilbenzofuran-2-carboxamide p-

toluenesulfonate

(28,3R)-M-(2-((3-Pyridinyl)methyl)-1 -azabicyslo[2.2.2]octan-3-y)henzofuran-2-carboxamidi2
(1.52 kg, 4.48 mal) and dichloromethana (3.60 k) were added into a carboy. The
weight/weight percent of the material in sclution was determined through HPLC analysis.
The solution was concentrated to an oil, acetone (4 L) was added, and the mixture was
concentrated to an aily solid. Additional acetons (12 L) was added to the oily solid in the
rotary evaporator bulb, and the resulting slurry was transferrad to a 80 L glass reaction flask:
with a mechanical stirrer, condenser, temperature probe, and condenser under an inert
atmosphere. The reaction mixture was heated to 50°C + 5°C. Water (80.7 g) was added to
the solution, and it was stirred for a minimum of 10 min. p-Toluenesulfonic acid (853 g, 4.44
mol) was added to the reaction mixture in portions over approyimately 15 min. The reaction
mixture was heated to reflux and held at that tamperature for a minimum of 30 min to obtain
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a solution. The reaction was cooled to 40°C + 5°C over approximately 2 h. Isopropyl
acelate (14.1 L) was added over approximately 1.5 h. The reaction mixture was slowly
cooled to ambient lemperature aver a minimum of 10 h. The mixture was filtered and tha
filter cake was washed with isopropyl acetate (3.5 L). The isolated product was dried under
vacuum at 105°C = 5°C for between 2 h and 9 h to give 2.19 kg (88.5% yield) of (28,3R)-N-

toluenesulfonale, mp 226-228°C. 'H NMR (500 MHz, D-O) & .29 (s, 1H), 7.78 (m, J = 5.1,
1H), 7.63 (d, J= 7.9, 1H), 7.54 (d, J= 7.5, 1H), 7.49 (d, J = 8.1, ZH), 7.37 (m, J = 8.3, 1H),
7.33 (M, J=8.3,6.9, 1.0, 1H), 7.18 (m, J = 7.5, 6.9, 1.0, 1H), 7.14 (d, J = &.1, 2H), 7.99 (s,
1H), 6.99 (dd, J = 7.6, 5.1, 1H), 4.05 (m, J = 7.7, 1H), 3.74 (m, 1H), 3.47 (m, ZH), 3.28 (m,
1H), 3.22 (m, 1H), 3.15 (dd, J = 13.2, 4.7, 1H), 5.02 (dd, J = 13.2, 11.5, 1H), 2.19 (s, 3H),
2.02 (m, 2H), 1.93 (m, 2H), 1.76 (m, 1H). "*C NMR (126 MHz, D:0) & 157.2, 154.1, 150.1,
148.2, 146.4, 145.2, 138.0, 137.0, 130.9, 128.2 (2), 126.9, 126.8, 125.5 (2), 123.7, 123.3,
122.7, 111.7, 100.7, 61.3, 50.2, 18.0, 40.9, 33.1, 23.9, 21.5, 20.8, 17.0.

Sarples of this material were converled into Compound C free base (for use in salt
selection studies) by treatment with aquzous sodiun hydroxide and e-traction with
chloroform. Thorough evaporation of the chlaroform left an off-white powder, mp 167-170°C,
with the following spectral characteristics: Positive ion electrospray MS [M+H]" ion m/z =
362, "H NMR (500 MHz, DMSO-d;) 6 8.53 (d, J = 7.6 Hz, 1H), 8.43 (d, J = 1.7 Hz, 1H), 5.23
(dd, J= 1.6, 4.7 Hz, 1H), 7.77 (d, J = 7.7 Hz, 1H), 7.6€ (d, J = 8.5 Hz, 1H), 7.63 (dt, J= 1.7,
7.7 Hz, 1H), 7.52 (s, 1H), 7.46 (m, J = 8.5, 7.5 Hz, 1H), 7.33 (m, J = 7.7, 7.5 Hz, 1H), 7.21
(dd, J=4.7,7.7 Hz, 1H), 3.71 (m, J= 7.6 Hz, 1H), 3.11 (m, 1H), 3.02 (m, 1H), 2.80 (m, ZH),
2,60 (m, 2H), 2.55 (m, 1H), 1.80 (m, 1H), 1.77 (m, 1H), 1.82 (m, 1H), 1.55 (m, 1H), 1.26 (i,
1H). *“C NMR (126 MHz, DMSO-d;) 6 158.1, 154.1, 150.1, 140.1, 145.8, 136.4, 135.4,
127.1,125.7, 123.6, 122.9, 122.6, 111.8, 109.3, 1.9, 53.4, 49.9, 40.5, 35.0, 28.1, 26.1,
19.6.

The monohydrochloride salt of Compound C (se& Example 5) was submitted for x-ray
crystallographic analysis. The resulting crystal structurs established the 28,3R absolute

canfiguration of Compound C.

Example 5: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-
yl)benzofuran-2-carboxamide hydrochloride salt

A hydrochlotic acid/THF soluticn was prepared by adding of concentrated
hydrochloric acid (1.93 mL of 12M, 23.2 mmol) drop-wis2 to 8.5 mL of chilled THF. The
solution was warmed to ambient temperature. To a round bottom flask was added (2S,3R)-
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M-(2-((3-pyridinylymethylj-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide (8.49 g,
=3.5 mmol) and acetone (S5 mL). The mixture was stirred and heatzd at 45-50°C until a
complste solution was obtained. The hydrochloric acid/THF solution preparzd above was
added drop-wise over a § min period, with additional THF (1.5 mL) used in the transfer.
Granular, white solids began to form during the addition of the acid solution. The mixture
was conled to ambient temperature, and stirred overnight (16 h). The solids were collzcted
by suction filtration, the filter cake was washed with acetone (10 mL), and the solid was air-
dried with suction for 30 min. The solid was further dried in a vacuum ovzn at 75°C for 2 h to
give 8.79 ¢ of the fine white crystals (9475 yigld), mp 255-262°C. Chiral LC analysis gave a
purity of 98.8% (270 nm). 'H-MMR (DMSOQ-d;) shows no residual solvents and confirms
mono stoichiometry. 'H NMR (300 MHz, DMSO-d;) 5 10.7 (broad s, 1H - quaternary
ammonium}, 8.80 (broad s, 1H — amide H), 8.54 (s, 1H), 3.23 (d, 1H), 7.78 (d, 1H), 7.74 (d,
1H), 7.60 (d, 1H), 7.47 (m, 2H), 7.33 (m, 1H), 7.19 (m, 1H), +.19 (m, 1H), 4.08 (m, 1H), 2.05-
3.55 (m, BH), 2.00-2.10 (M, 3H), 1.90 (m, 1H), 1.70 (m, 1H). An x-ray crystallographic

analysis of this salt established stersochemical assignment and stoichiometry.

Biological Examples

Campounds A, B, and C are a7-selective ligands. For example, Compounds A, B
and C ars a7 agonists with Ki values = 1-2 nM in displacement studies using *H-MLA in rat
hippocampal lissuas. These compounds exhibit very poor affinity at other nicotinic
raceptors, namaly > 1000 niM, including a4p2. In functional studies, Compounds A, B and C
exhibited B, values > 50% in an electrophysiolagy functional assay in Xenopus laevis
oocytes transiently avpressing human a7 nicotinic receptor. The IC50s for Compound A are
>10 micromolar at more than 60 targets in a raceptor profile screen.

Physiological effects of Selective alpha7 nAChR Agonist

Body Weight Gain and Food Intakz. Saveral protein tyrosine phosphatases
(PTPacses) such as PTP1B, LAR, SHP-2 and PTEN hav: been implicated in the
devslopment of insulin resistance. In the present studies we measured body mass and
weight gain in lzan (db+) and ohese (db-) mice that were either wild type (PTP1B+) or
knockout (PTP1B-) for the protein phosphatase 1B gene, following treatment with an a7
nAChR agonist, Compound A, B, or C.

At the end of seven weeks of treatment we found that weight gain was reduced in the
alpha7 agonist-treated ten week old db- mice. The db+ lean mice were unaffected by
treatmant, confirming that the compound was not producing toxic effects that limited food
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intake. The weight gain in control ohase groups (db-) was significantly lower (p< 0.01) than
that of controls in both the PTP1B wild type and PTP1B knockout mice. In addition, the daily
food intake was significantly lower (< 0.01) in the treated mice than in the controls, in both
PTP1B wild type and knockout mice.

When the alpha? antagonist, MLA, was given concurrently, the obese mice showed
na significant differances in body weight gain or food intake. As such, dietary
supplzmentation with treatmant compound effectively lowered food intat:e and weight gain in
obese mice. a7 nAChRs play a central role in regulating food intake through a mechanism
that is not debendent on PTP1B. Further, AG-490 significantly inhibited (p< 0.01) both the
weight loss and decreased food intake induced by the a7 agonist.

Glucose Mataholism. Similar to the results obtained for food intake and body weight
gain, at the end of seven weeks of lreatment, plasma glucis# levels in the obese (db-) mice
treated with the o7 agonist were significantly lowar (< 0.01) than thoss in the untreated
PTP1B+ and PTP1B- mice. The a7 nAChR antagonist MLA was given concurrently with
treatment compound-and the mice showed no significant decrease in plasma glucose.
Dietary supplementation with the a7 agonist, therefore, effectively lowers weight gain and
food intake in obese mice and lowers the increased levels of glucose due to cbesity. This
mechanism is not depandent on PTP1E, but rather on JAKZ aclivation. The JAKZ inhibitor
significantly prevented (p< 0.01) the treatment-induced decrease in plasma glucose.

Lean mine displayed rapid glucose disposal and the injected bolus was cleared within
30 minutes. Clearance of glucose in the lean mice treated was similar to that of sham-
treated mice. Consistent with obesity-induced insulin resistance, the obese mice showed
markzdly blunted glucosa clearance, removing only 50% of the injected bolus within 30
minutes. By contrast, the treated mice showed normalization of glucose clearance despite
obesity (90% of the injected bolus within 30 minutes. Thus, insulin resistance is improved by
the alpha7 agonist because in the presence of the a7 antagonist MLA the increased insulin
sensitivity is abrogated.

Glycosylation of Hemoglobin. Total glycemic load reflects both fasting and pnst-
prandial glucose levels in the blood. A time averaged index of glycemic load is accumulation
of advancad glycation end products (AGEs), which can b estimatad from the glycosylation
of hemoglobin, HhA1c. Lean treated and non-treated PTP1B+ and PTP1B- mice all showead
HbA1C lavels lower than 5%, consistent with normal glycemic control. In contrast, obes=
mice showed markedly elevated HbA1c levils, consistent with the observed glucose
intolerance fasting hyperglycemia, which were significantly lowerad (p< 0.01) by the a7
agonist. Inthe PTP1B knackout mice, HbA1C levels were markedly reduced and further
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reduced by treatment. a7 nAChR plays a central rols in regulating both the fasting and post-
prandial glucose levels in the blood and that this effect is not dependent on PTP1B. In the
presence of the a7 antagonist, MLA, the increased insulin sensitivity induced by the o7
agonist is suppressed.

Lipid Metabolism. Traated and non-treated lean mice show normal levels of
triglycerides. However, obese mice display elevated fasting triglyceride lavels, consistent
with the loss of insulin sensitivity in fat cells. Neverlheless, when the obese mice were
treated they displayed largely normal levels of triglycerides, an effect which was block:ad by
the o7 antaganist MLA, suggesting a normalization of adipocyte insulin resistance via an a7
nAChR-mediated pathway.

Plasma TNF-a Levels. Plasma concentration of inflammatory mediators such as
TMF-it is increased in the insulin resistant states of abesity and type 2 diabetes. Reduction
of the levels of TNFa in diabetic mice corralatas with increased insulin sensitivity and
decreased plasma insulin and blood glucose levels. Treated and non-traated lean mice
showed no change in the plasma levels of TNF-, but obess mice had elevated fasting
plasma TNF-u levels. However, when the abese mice were treated, they displayed
signifisantly decreasad plasma TMF-u levels and this was blockad by the «7 antagonist
MLA, confimiing that «7 nAChRs are diractly involvd in blocking the obesity-induced
increase of TNF-a and hence the decreased insulin resistance.

o7 agonist on Obesity. Animal Models: Parental strains of mice used in these studies
WETE ‘the leptin receptor deficient db/db mice on a C57BLE background obtained from
Jackson Lahorataries and PTP1B-null mice on a mixed C57BL5/Balb C background from Dr.
Miche! Tretblay at the Cancer Institute at MeGill University in Montreal, Canada. Because
obese dh dh mice are infertile, mice were generated as dual heterozygotes, heterozygous
for both the mutant leptin receptor and the deletzd PTP1B. Dual heterozygotes were
interbrad, producing 1:4 obese mice and 1:4 PTP-1B null mice. In this brzeding configuration
1:16 were dual KO mice. In the fourth generation, micz heterozygous for both genes were
bred to PTP-1B null mice heterozygous for the mutant dh allzle. In this breeding
configuration 1:4 mice were obese and 1:8 were dual KO mice. For rzasons of parsimony,
heterozygotes were preferrad to wild-types over controls. Dual heterozygous littermates
were ugad as lean controls and littermates heterozygous for db were used as lean PTP1B
KO controls.

Mousea genotyping: At 3 weeks of age, DNA was obtainad by tail clip. The genomic
DNA from tail clip was used to screen for the presence of the mutant leptin receptor and
deletion cassette of PTP-1B using the Polymerase Chain Reaction. Specific genotypes
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were determining by resolving PCR products with agarcse gel elzctrophorasis. Deletion of
PTP-1B was verified by Western analysis using an anti-PTP-1B antibody from Upstate
Bictechnolagy.

Metabolic Phsnotyping: The effects of the tested compound (for example,
Compound A at 1 my/kg/day via oral gavage) on growth rates and food intake of mice were
generated by measuring body weight and food intake bi-weekly for from ages 3 to 10 weeks.
In selected cohorts, the a7 antagonist MLA was also given via gavage, concurrently, at
3mg/kg daily. The JAKZ kinas« inhibitor (AG-430) was administered intraperitoneally (IP) at
1mg/kg daily. Fasting glucose was measured oncs a week after food withdrawal, with a
Precision XL glucometer using tail vein blezding. HbA1c levels were also measured from
these samples with the A1C kit from Metrika, Inc. To assess glucose tolerance, the mice
wera anasthetized with 2% isoflurans and the left carotid artery and jugular vein cannulated
after an cvernight fast. A 10 mg bolus of glucose was injected intravenously (iv) via the
jugular vein and blood glucose measurad every 5 minutas for 40 minuts in & drop of blood
from the carotid line. For measurements of blood plasima analytes, a separate group of
fastad mice were anesthetized by isoflurane in a rapid induction chamber and swiftly
decapitated. Blood was collected in heparin and rapidly centrifuged at 4°C to remove cells
and to obtain plasma, and the samples wer= frozen for later analyses. Plasma THF-«
concentrations were determined using ELISA assay kits from eBioscience and plasma
triglyceride lavels were determined using ths L-Type TG H test (Wako Diagnostics), an in
vitro assay for the quantitative determination of triglycerides in serum or plasma. All data ar2
expressed as mean and SEM. Differences among all groups were compared by One Way
ANOVA.

Statistics: All data are expressad as mean and SEM. Differences among all four
genatypes weare cc{mpared hy One Way ANOVA.

Effacts of an a7 selective ligand on STZ-induced diabates.

The effects of an o7 selective ligand on the STZ-indused diahetes and the influence
of JAKZ: In order to induce diabstes in the mice five multiple dases of ST (80 mg/kg ip) or
vehicle (citrate buffer) were administered daily for ten days as suggested for such
investigations. Mice wers weighed and blood glucose levels were determined at baseline
and every four days thereafter. The mice reached stable hyperglycemia within two weeks.
Now in order {o determine the influsnce of JAK2, conditional floxed JAK2 KO mice jprovided
by Dr. Wagner were used. These mice were crossed with inducible non-tissue specific
mER-Cre mice from Jackson Labs. These mER-Cre mutant mice have an induciblz element
which is a mERT2-Cra fusion cDNA, which encodes the mutated murine estrogen receptor
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ligand-binding domain (amiro acids 281 to 599, GE25R) and which is insensitiva to estrogen
but sensitive to tamovifen. This inducible transgenic mouse line facilitates gené targeting
and would be beneficial in investigating the role of JAK2 in the adult mouse. The time point
of Cre activity can be regulated by injections with tamoyifen and using these induciblz Cre
transgenic mice, we will be able > gznerate JAK2 KO mutants in a conditional and inducible
manner. Homozygous JAK2flox mice carrying the mCre/mERT (i.e., mER-Cra/JAKZflox)
wars generated by breading double heterozygous mice containing JAKZflox and Cre/mERT,
and have assess the efficiancy of induced Cre-madiated deletion of the loxP flanked JAK2
gene segment via Southern assay before and after intraperitoneal injzctions of tamoxifen.
Western hlat analysis demonstrates that after 7 days of intraperitoneal injections of
tamaxifen at a concentration of 20mg/kg there was a total ablation of JAKZ exprassion in the
pancreas whilz there is no effect on the expression of Actin. In addition, analysis of mouse
growth hy body weight (age 1 to16 weeks) prior to or after tamoxifen administration showed
no differences among the genotypes. Furthermors, the mER-Cra/JAKZflox mice had grassly
normal appearance, activity and bzhavior. Two separate groups of mER-Cre/JAK2+/+ and
mER-Cre-JAK flox adult mice (agez, 7 weetks), post tamoxifen treatment, wera then made
diabetic as described above with five multiple low doses of STZ every other day with or
without the compound, for ezampls Compound A (1 mg/kg/day via oral gavage). All the
groups of mice (i.e., MER-Cre/JAK2+/+ and mER-Cre-JAK2flox) reached stable
hyperglycemia within two weeks.

The effects of tested compound on STZ-induced diabetes and cytokines lzvels wera
measured via the following ways. For example, fasting glucose levels were measured at
least twice a weel: via tail vein bleeding with a Precision XL glucometer while HbA1c levels
were measursd using the A1C kit from Metrika Inc. In a second group of mics, fasted mice
were anesthstized by isoflurance in a rapid induction chamber and swiftly decapitated.
Trunk blood was collected in heparin and rapidly centrifuged at 4C to remove blood cells and
obtain plasma. Samples wers frazen for later analyses. Plasma insulin, TNFa and IL-6
concentration were determinad using ELISA assay kits.

Statistics: All data are expressed as mzan and SEM. Differences among all four
genntypes were compared by One Way ANOVA.

Animal Modelz and Matabolic Phenotyping: Parental strains of mice used in these
studies were the laptin reczptor deficient db/db fat mice or leptin receptor wild type DB/DB
lean mics on a C57BLE background obtained from Jackson Laboratories. Animal were
treatad with simvastatin and tested compound, such as Compound A at 1mg/kg/day via
gavage. Growth rates of mice were generated by measuring body weight twice weekly for
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10 weeks. Daily food intake was measured in mice metabolic cages abtained frem Fisher.
To assess glucose tolerance, mice were anesthetized with 2% isoflurane and the left carotid
artery and jugular vein cannulated after an overnite fast. Fasting blood glucose was
assessed as the initial two measurements in the anesthatized mice. A second measuremant
was used to determine HbA1c levels using the A1CNow kit from Metrika Inc.. A 10 mg bolus
of glucnse was injected into each mouse and blood glucose measurs by a drop of blood
from the carctid line every 5 minutes for 40 minutes. Glucose was measured with a Precision
XL glucometer. At the end of the experiment mice wers euthanized by isoflurane overdose.
In a second group of mice, fasted mice were anesthstized by isoflurance in a rapid induction
chamber and swiltly decapitated. Trunk blood was collected in heparin and rapidly
centrifuged to remave bload cells and obtain plasma. Samples were then collected for
analyses. Plasma cholestercl, fres fatly acids and triglycerides were determined using
colorimetric assays from Wako Chemical whilz plasma TNFa concentration was determined
using ELISA assay kits from eBioscience.

These data indicate that Compounds A, B, and C ameliorate glycenis state in type Il
diabetes.

The compounds, Compounds A, B, and C, are demonstrated to reduce weight gain,
normalize glucose levels, decrease glycated hamoglobin, reduce pro-inflammatory
cytokines, reduce triglycerides, and normalize insulin resistance glucose tolerance test.
These data indicate that «7 ligands, including Compounds A, B, and C, ameliorate the
glycemic state in metabolic disorders such as diabetes type Il and hiological parametars
associated with the metabolic syndrome.

Selestive a7 nAChR agonists can raduce waight gain, normalize glucose levels,
decraase glytatad hemoglobin, reducsa the pro-inflammatory cytokine TNF-a, reduce
triglycerides, and normalize insulin sensitivity in transgenic models of type 2 diabetss.
These effects were not prevenied in obase mice lacking the phosphotyrosine phosphatase
PTP1B but were fully reversed by the a7 antagonist MLA. Furthermaore, the JAK2 kinase
specific inhibitor AG-490 also inhibited the a7 agonist-induced weight loss, dacreased food
intake and normalization of glucose levels. a7 nAChRs play a central role in regulating the
biological parameters associated with type 2 diabetes and the metabolic syndrome.

Insulin resistance, diahetes, obesity and dyslipidemia are components of the
metabolic syndrome, and although pro-inflammatory cylokines have been suggested to
contribute to the development of these disorders, the molecular mechanism of the
deavelopment of this syndrome is poorly understood. The CNS modulates the immune
system through the reticuloendothelial system. This CNS modulation is madiated through
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the vagus nerve, utilizing the major vagal neurotransmitler acelylcholine which acts upon a7
nAChRs on macrophages. Meuroprotective effects elicited by u7-selective ligands can be
traced to o7 nAChR activation and transduction of signals to Pi-3-I (phosphatidylinositol 3-
kinase) and AKT (protein kinase B) through the protein tyrosine Kinase Janus kinase 2
(JAK2), all of which compose a key cell survival pathway. The results of co-
immunoprecipitation expariments indicate that there is a direct interaction betwzen tha
alpha? nicotinic receptor and JAK2. Other studies that examined the effects of nicotine on
LPS-treated and contral peritoneal macrophages have shown that nicotine treatment leads
to phosphorylation of STAT3, a member of the STAT (Signal transducers and activators of
transcription) family of proteins and a component of tha cellular anti-apoptotic cascade. This
nicotine-mediated phosphorylation is inhibitad by the a7-selzctive antagonists a-
bungarotoxin and MLA, and by AG-490, a selective inhibitor of JAK2 phosphorylation.
These data support the interaction of JAK2 and a7 nAChRs and reveal the critical rale
played by STATZ in the cholinargic anti-inflammatory pathway. The present results extend
these findings and underline the importance of a7 NAChR interaciions with JAK2 in
modulating the biological paramatars associated with weight gain and food intake.
Interestingly, regulatory feedhack: on adiposity, mediated by the leptin receptor in
hypothalamus, also involves receptor-JAKZ interactions. In obese mice which lack an active
leptin receptor (i.e., db/db mice) the 47 nAChR may substitute for the leptin raceptor in the
activation of JAKZ, which in tur leads to decreased food intake and weight gain.

Another pathway that appears to intersect with the cholinergic ant-inflammatory
pathway, and one that is dirzctly relevant to a key component of the metabolic syndroms,
involves the protein tyrosine phosphatase (PTP) PTP1B. Specifically, PTP1B has been

shown 1o act as a negative regulator of insulin signaling. Qverexpressicn of PTP1B impairs

insulin signals, whereas loss of PTP1B is associated with increased sensitivity to insulin.
PTP1B binds to and catalyzes the dephosphorylation of the insulin receptor and many of the
effects of PTP1B on insulin signaling can be explained on the basis of this interaction.
Studizs havi shown that delation of the phosphotyrosine phosphatase PTP1B improvis
insulin signaling in mause madzls of ohesity and PTP1B antagonists have he&n used
pharmacologically to improve glucoss tolerance. More importantly, PTP1B has also heen
reportad to dephasphorylate JAKZ, suggesting that there is cross-talk between the a7
nAChR-inked anti-inflammatory pathway and insulin regulation. Since PTP1B regulates
body weight, adiposity and leptin action, a7 nAChRs may play a critical role in regulating
numearous aspencts of the metabalic syndrome.

The specific pharmacolagical responses observed may vary according to and depending
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on the particular active compaund selectad or whether thers are present pharmaceutical
carriers, as well as the type of formulation and mode of administration employed, and such
expected variations or diffzrences in the results are contemplated in accordanca with practice of
the present invention.

- Although specific embodiments of the present invention are herein illustrated and
described in detail, the invention is not limited thereto. The above datailed descriptions are
providzd as exemplary of the present invention and should not be construed as constituting any
limitation of the invention. Modifications will be obvious to those skilled in the art, and all
modifications that do not depart from the spirit of th= invention are intended to be included with
the scope of the appended claims. | |
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THAT WHICH IS CLAIMED IS:

1. A method for treating or preventing metabolic disorders comprising the administration
of a selective a7 nAChR agonist.

2. A method for freating or preventing drug-induced central nervous system disorders

comprising the administration of a selective a7 nAChR agonist.

The method of claims 1 or 2, whergin the a7 nAChR agonisl is Compound A,

e

Compound B, Compound C, or a pharmacsutically acceptable salt thereof.
4. The method of claims "1 ~ 3, wherein the 7 nAChR agonist is Compound C or a
pharmaceutically acczptahle salt thereof.
The method of claims 1, 3, or 4, wherein the metabolic disorder is one or more of

[87]

type | diabetas mellitus, type Il diabetes mellitus, metabolic syndroms,
atherosclerosis, obesity, and hyperglycemia.

6. The method of claim 5, wherein the hyperglycemia is a result of statin therapy.

7. The method of claim 2, wherein the drug-induced central nervous system disorder is
a result of statin therapy.

8. A method for treating or preventing a metabolic disorder comprising the

administration of
{

[N ——

Z
/,
”,
’,
o
.

s
: ~ 0
or a pharmaceutically acceptable salt thereof.
9. The method of claim 8 wherein the metabolic disorder is one or more of type |
diabetes mellitus, type !l diabetes mellitus, metabolic syndrome, atherosclerosis,
obesity, and hyperglycemia.

10. The method of claims 8 or 9, wherein a daily dose is from about 0.001 mg/kg to

about 3.0 mg/kg.

11. Use of a selective «7 nAChR agonist in the manufacture of a medicament for treating

or praventing metabolic disorders.
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12. Use of a selective a7 nAChR agonist in tha manufacture of a medicament for treating
or preventing drug-induced central nervous system disorders.

13. The us# of claims 11 or 12, wherein the «7 nAChR agonist is Compound A,
Compound B, Compound C, or a pharmaceutically acceptable salt thergcf.

14. The use of claims 11 — 13, wherein the a7 nAChR agonist is Compound C or a
pharmaceutically acceptable salt thereof.

15. The use of claims 11, 13, or 14, wherein the metabolic disorder is one or more of
type | diabetes mellitus, type Il diabetes mellitus, matabolic syndroma,
atherosclerosis, obesity, and hyperglycemia.

13. The use of claim 15, wherein the hyperglycernia is a result of statin therapy.

17. The use of claim 12, wherein the drug-induced central nervous systam disorder is a
result of statin therapy.

18. Use of Compound C:

\_/

0 HN

/

or a pharmaceutically acceptable salt therscf in the manufacture of a medicament for

\\\\\\\
Y

(0]

treating or praventing a metaholic disorder.

19. The use of claim 18 wherein the metabolic disorder is one or more of type | diabetas
mellitus, type 1l diabetes mallitus, matabolic syndrome, atherosclerosis, obesity, and
hyperglycemia.

20. The use of claims 18 or 16, wherein a daily dose is fram about 0.001 mg/kg to about
3.0 mg/kg.

21. A selective a7 nAChR agonist compotind for us2 in treating or prevenling metabalic
disorders.

22, A selective «7 nAChR agonist compound for use in treating or preventing drug-
induced central nervous system disorders.

23. The compound of claims 21 or 22, wherain the a7 nAChR agonist is"Compound A,
Compound B, Compaound C, or a pharmaceutically acceptable salt thereof.
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24. The compound of claims 21 — 23, whersin the «7 nAChR agonist is Compound C or
a pharmaceutically acceptable salt therzof. _

25. The compound of claims 21, 23, or 24, wherein the metabolic disorder is ane or mora
of type 1 diabetes mellitus, type Il diabetes mellitus, metabolic syndrome,
atherosclerosis, abesity, and hyperglycamia.

26. The compound of claim 25, wherein the hyperglycemia is a result of statin therapy.

27. The compoaund of claim 22, wherein the drug-induced cantral nervous system
disarder is a result of statin therapy.

28. A selective a7 nAChR agonist compound

N—

or a pharmaceutically acceplable salt therzof for use in treating or preventing a metabolic

disorder.
29. The csompound of claim 28 wherein the metabolic disorder is one or more of type |
diabetes meliitus, type 1l diabetes mellitus, metabolic syndrome, atherosclerosis,

obesity, and hyperglycemia.
30. Tha compound of claims 28 or 29, wherein a daily dose is from about 0.001 mg/kg to

about 3.0 mg/kg.
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TRATAMIENTO CON LIGANDOS a7-SELECTIVOS

Referencia cruzada a Solicitudes Relacionadas

La presente solicitud reivindica el beneficio para la Solicitud Provisional U.S.
Serie Nos. 80/471,354, presenta en Septiembre 12, 2007; 60/953,610, presentada
&n Agbsto 2, 2007; 80/953,513, presentada en Agosto 2, 2007; y 60/953,614
presentada en Agosto 2, 2007, cada una de las cuales s& incorpora aqui como

referencia en su totalidad.
Campo de la invencion

La presente invencién incluye métodos, usos, y compuestos agonistas

NAChR a7 selectivos para tratar o prevenir trastornos metabélicos.
Antecedente

Muchos pacientes que tienen resistencia a la insulina o diabetes melitus
Tipo 2 (T2DM) a menudo tienen varios sintomas que juntos se denominan como
sindrome X, o sindrome metabolico. El sindrome metabélico &s una eombinacién
de trastornos médicos que incrementan el riesgo de enfermeadad cardiovascular y
diabetes. El sindrome metahodlico afecta a lo sumo el 25% de la poblacién
Estadounidense y se conoce por varios otros nombres tales como sindrome X
(hwetabélico), sindrome de resistencia a la insulina, o sindrome de Reaven. Un
paciente diagnosticado con sindrome metabdlico tipico exhibe tres o mas
sintomas seleccionados del siguiente grupo de cinco sintomas: (1) obesidad

abdominal; (2) hipertrigliceridemia; (3) colesterol de lipoproteina de baja densidad
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(HDL bajo); (4) presion arterial alta; y (8) glucosa en ayuno elevada, los cuales
estan en el rango caracteristico de la diabetes Tipo 2. Cada uno de estos sintomas
se define en el Third Report of the National Cholesterol Ecluca‘tion Program Expert
Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults
recientemente publicado (Panel de Tratamiento del Adulto I, o ATP Ill), National
Institutes of Health, 2001, NIH Publicacidon No. 01-2670, incorporada acqui como
referencia con respecto a la definicion de sindrome metabolico y sus sintomas.
Los sintomas y caracteristicas incluyen diabetes melitus tipo 2, resistencia a la
insulina, presion arterial alta, depésitos de grasa principalmente alrededor de la
cintura, HDL reducido, triglicéridos elevados, y niveles de acido urico elevados.
Los probklemas clinicos principales son obesidad y la alta incidencia de diabetes,
una afeccién secundaria al estado de resistencia a la insulina originada por el
exceso de adiposidad. La resistencia a la insulina en el musculo esquelético,
higado y tejido adiposo impide la eliminacién de glucosa y resulta en la liberacién
de los acidos grasos libres y las caracteristicas de dislipidemia asociada con el
sindrome metabdlico. Las elevaciones los niveles post-prandiales y dltimamente
los niveles de glucosa en ayuno resultan en hiperinsulinemia compensatoria, una
afeccion que origina hipertrofia de célula f y falla eventual de los Islotes y diabetes
frank Tipo 2. Los criterios de inclusién cuantitativos diferentes para el sindrome
metabélico se han propuesto por la Federacidbn Nacional de Diabetes, la
Organizacion Mundial de la Salud, el Grupo Europso para el Estudio de la
Resistencia a la Insulina (1999) y el Programa de Educacién sobre le Colesterol
Nacional del Panel de Tratamiento del Adulto {H (2001). Los pacientes con
sindrome metabdlico, tengan o no tengan diabetes mellitas sintomatica, tisnen un
riesgo incrementado desarrollar  las  complicacionss  macrovasculares  y
microvasculares que ocurren con diabéticos tipo 2, tales como aterosclerosis y

cardiopatia coronaria.
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En adicién a la hiperglicemia experimentada con diabetes mellitus y el
sindrome metabdlico, ciertas terapisa de farmaco pueden originas efectos
sintomaticos similares. Las estatinas, denominadas de otra forma como
inhibidores de reductasa de la coenzima 3-hidroxi-2-metilglutariio A (HMG-CoA),
son potentes inhibidores de la sintesis del colesteral que se utilizan extensaments
en el tratamiento de hipercolesterolemia. Varios estudios han demaostrado los
efectos benéficos de las estatinas en la reducciéon de la cardiovascular
morbimortalidad. Sin embargo existe evidencia reciente, a partir de estudios
clinicos y preclinicos, que el tratamiento con estatinas tiene efectos no deseados,
que incluyen glicemia incrementada. Ver, por sjemplo, Ohmura.et al., Acute Onset
and Worsening of Diabetes Concurrent with Administration of Stating, Endocrine
Journal, 52: 369-372, 2005; Sasaki et al., Statins: Beneficial or Achverse For
Metaholismo de glucosa (review), Journal of Atherosclerosis and Thrombosis 13:
123-129, 2006; Takano et al., Influence of Stating on Glucose tolerance in Patients
with Tipo Il Diahetes mellitus, Journal of Atherosclerosis and Thrombosis 13: 95-
100, 20043; and Nakata et al., Effects of Stating On the Adipocyte Maturation and
Expression  of Glucose  Transporter 4, Implications  in - Glycemic  Control,

Diabetologia 49: 1351-1892, 2004..

En adicién a la hiperglicemia, existe evidencia de estudios epidemioldgicos
que el tratamiznto con estatinas a largo plazo tisne Pfc-rtos no desesados como
incramento en 2l riesgo de enfermedad de Alzheimer. Se ha encontrado que la
hicotina inhibe la muerte de las células PC12 cultivadas e medio libre de suero.
Adicionalmente, &l  agonista del receptor a7 selectivo, 3-(4)-

dimetilaminocinnamilidina anabaseina (DMAC), y el activador nAChR (qus incluye

‘el subtipo «7), ABT-412, también se han reportade por ejercer efectos

PAY
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citoprotectores. También se ha mostrado recientzmente que la nicotina activa el
crecimiento de la enzima ch promueve [a quinasa janus 2 (JAK2) en células
PC12, y que la preincubacidn de estas ce’lulas con el inhibidor especifico AG-490
bloquea la activacidn inducida por nicotina de cascadas de sefalizacion

neuroprotectoras.

Las siguientes referencias se incorporan como referencia con respecto a un
conocimiento anterior de la enfermeadad pertinente, asi como tambign &n manejo y
prevencion: Banes AK, Shaw S, Jenkins J, Redd H, Amiri F, Pollock DM and
Marrero MB, Angiotensin Il blockade prevents hyperglycemia-induced activation of
JAK and STAT proteins in diabetic rat kiclney glomerul, Am J Physiol Renal Physiol
258G: F553-FB559, 2004; Bartholomeusz C, ltamochi H, Yuan LX, Esteva FJ, Wood
CG, Terakawa N, Hung MC and Uenc NT, Ecl-2 antisense oligonucleotide
overcomes resistance to E1A gene therapy in a low HERZ2-expressing ovarian

cancer xenograft model, Cancer Res 85: 3406-8413, 2005; Cho-Chung YS, Park
YG and Lee YN, Oligonuclectides as transcription factor decoys, Curr Opin Mol
Ther 1: 386-392, 199%9; Danssh FR, Sadeghi MM, Amro N, Philips C, Zeng L, Lin
S, Sahai A and Kanwar YS. 3-Hydroxy-3-methylglutany! CoA reductase inhibitors
pravent high glucose-induced proliferation of mesangial cells via modulation ofRho
GTPRase’ p21 signaling pathway: Implications for diabetic nephrapathy, Proc Natl
Acad Sci U S A 99: 8201-3205, 2002; de Ficbre CM, Meyer EM, Henry JC,
Muraskin SI, Kem WR and Papke RL. Characterization of a series of .anabaseine-
derived compounds reveals that the 3-(4)- dimethylaminocinnamylidine derivative
is a selective agonist at neuronal nicotinic «7/125l-a- bungarotoxin  receptor
subtypes, Mol. Pharmacol. 47: 164-171, 1695; Deigner HP, Haberkom U and
Kinscherf R, Apoptosis modulators in the therapy of neurocdegensrative diseases,

Expert Opin. Investig. Drugs 9: 747-754, 2000; Donnelly-Roberts DL, Xue IC,
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Arneric SP and Sullivan JP, In vifro neuroprofective properties of the nove./
cholinergic channel activator (ChCA), ABT-418, Brain Res 7'19.' 36-44, 1996;
Epstein M and Campese VM, Fleiotropic effects of 3-hydraxy-3-methylglutaryl
coenzyme a recductase inhibitors on ranal function, Am J Kidney Dis 45&: 2-14,
5 2005; Garcia-Roman N, Alvarez AM, Toro MJ, Montes A and Lorenzo MJ,
Lovastatin  Induces Apoptosis of Spontanecusly Immortalized Rat  Brain
Neuroblasts:  Involvement  of  Nonsterol  Isoprenoid — Biosynthesis — Inhibition,
Molecular and Cgllu|ar Neuroscience 17: 329-241, 2001; Kastelein JJ, The future
oflipic- lawering therapy: the big picture, Neth J Med 61: 35-39, 2003; Kirito K,
10 Watanabe T, Sawada K, Endo H, Ozawa K and Komatsu N, Thrombopoietin
regulates Bel-xL gene eA\:p/ess.ion through State and phosphaticlylinositol 3-kinase
activation pathways, J Biol Chem 277: 8329-8337, 2002; Li P, Nijhawan D,
Budihardjo |, Srinivasula SM, Ahmad M, Alnemri ES and Wang X, Cytochrome ¢
and clA TP-cIepenc)ent formation of Apaf-1/caspase-9 complex initiates an apoptotic
15 protease cascade, Cell 91: 479-4349, 1097, Li Y, Higashi Y, Itabe H, Song YH, Du J
and Delafontaine P, Insulin-Like Growth Factor-1 Receptor Activation Inhibits
Oxidized LDL-Induced Cytochrome C  Release and  Apoptosis  via  the
Phosphaticylinositol 3 Quinasas/Akt Signaling Fathway, Arterioscler Thromb Vase
Biol 23: 2178-2134, 2003; Mata P, Alonso R and Badimon J, Benefits and risks of
20 simvastatina in patiehts with familial hypercholesterolemia, Drug Saf 26: 769-7843,
2003; MzKay DM, Botelho F, Ceponis PJ and Richards CD, Superantigen immune
stimulation activates epithelial STAT-1 and FlI 3-K: Pl 3-K regulation of
permeahility, Am J Physiol Gastrointest Liver Physiol 279 G1094-G1103, 2000;
Meske V, Albert F, Richter D, Schwarze J and Ohm TG, Blockade of HMG-CoA
25  reductase activity causes chahges in  microtubule-stahilizing  protein tau via
supprassion  of  geranylyeranylpyrophosphate — formation:  implications  for

Alzheimer's diseace, Europezan Journal of Neuroscience 17: 93-102, 2003,
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Newman MB, Arendash GW, Shytle RD, Bickford PC, Tighe T and Sanberg PR,
Nicotine's oxidative ancd antioxidant properties in CNS, Life Sciences 71: 2807-
2820, 2002; Marrero MB, Papke RL, Bhatti BS, Shaw S, Bencherif M. The
neuroprotective  effect of 2-(3-pyriclyl)-1-azabicyclo[3.2.2Jnonane  (TC-1698), a
novel alfa7 ligand, is prevented through angiotensin Il activation of a tyrosine
phosphatase. J. Pharmacol Exp Ther. 2004 Apr; 309(1): 16-27; Yamashita H,

Nakamura S. Nicotine rescues FC12 cells from death inducec by nene growth
factor cleprivation. Neurosci. Lett. 1996 Aug 2;213¢2): 145-7; Isomaa, B. A major
health hazard: the metabolic syndrome. Life Sci. 73, 2395-2411 (2003);
Sykiotis,5.P. & Papavassiliou, A.G. Serine phosphorylation of Insulin Receptor
Suhstrate-1: A navel target for the reversal of insulin resistance. Mol. Endocrinol.
15, 1854-1853% (2001); Dandona, P., Aljada, A. & Bandyopaclhyay, A. Inflammation:
the link hetween insulin resistance, ohesity and diabetes, Trends Immunol., 25, 4-7
(2004); Miao, F.J. P, Green, P., Benowitz, N. & Levine, J. D., Vagal modulation of
spinal nicotine-induced inhibition of the inflammatory response mediated by
descending antinociceptive controls, Neuropharmacology, 45, 605- 611 (2003);
Borovikova, L.V. et al.,, Role of vagus nene signaling in CNI-1493-mediatec
suppression of acute inflammation, Autonomic Neurosci.: Basic and Clinical, 85,
141-147 (2000); Borovikava, L.V. et al., Vagus nene stimulation atienuates the
systemic inflammatory response to endotoxin, Nature, 405, 468-452 (2000); Wang,
H. et al., Nicotinic acetylcholine receptor a7 subunit is an essential regulator of
inflammation, Nature, 421, 384- 387 (2003); de Jonge, W.J. & Ulloa, L., The alfar
nicotinic acetylcholine receptor as a pharmacological target for inflammation,

British J. Pharmacol., 151, 915-929 (2007); Fornari, A. et al., Nicotine withdrawal
increases hocly weight, neuropeptice Y and Agouli- related protein expression in
the hypothalamus and decreases uncoupling PIOfPII? -3 expression in the hrown

adipose tissus in high-fat fed mice, Neurosei. Lett.,, 411, 72-74 (2007), Asante-

|H2L
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Appiah, E. & Kennedy, B.P., Frofzin tyrosine phogphatases: the quest for negative
regulators of insulin action, Am. J. Physiol. Endocrinol. Metabol. 284, EGR3-ER70
(2002); Elchebly, M. et al., Increased insulin sensitivityand obesity resistance in

mice lacking the protein tyrosing phosphatasa-1 B gena. Science, 283, 1544-1548

Lh

(1999); Dube, N. & Tremblay, M. L., Bayond the metabolic function of PTPIE, Cell
Cycle, 3, 550-553 (2004); Uysal, K.T., Wieshrock, S.M., Marino, MW. &
Hotamisligil, G.S., Frofection from obeasity-incduced insulin resistance in mice
lacking TNF-a function, Nature, 389, 310-614 (1997), Gallowitsch-Puerta, M. &
Tracey, K.J., Immunclogic role of the cholinergic antinflammatory pathway and the
10 nicotinic acetylcholine alfa 7 receptor, Ann. N. Y. Acad. Sci. 1062, 209-19 (2005);
Shaw, S., Bencherif, M. & Marrero, M.B., Janus kinase 2, an early target of al
nicotinic  acetylchaline  receptor-mediatad  neuroprotection  against  Ap-(1-42)
amyloid, J. Biol. Chem., 277, 44020-44924 (2002); de Jonge, W.J. et al,
Stimulation of the vagus nene attenuates macrophage activation by activating the
15 Jak2-STATS3 signaling pathway, Nat. Immunol., 3, 844-51 (2005); Ahima, R.S., Qj,
Y. & Singhal, N. S., Adipokines that link ohesity and diabetes to the hypathalamus,
Prog. Brain Res., 153, 155-174 (2005); Kenner, KA., Ezenta, A., Olefsky, J. M. &
Kusari, J., Protein-tyrosine phosphatase 1B is a negative regulator of Insulin- and
Insulin-like Growth Factor-I-stimulated signaling, J. Biol. Chem. 271, 19810-19316
20 (1996); Klaman, LD. et al.,, Increased energy expenditure, decreased adiposity,
and tissue-specific insulin sensitivityin Protein-tyrosing Phosphatase IB-cleficient
mice, Mol. Cell. Biol., 20, 5476-5489 (2000); Dadke, S., Kusari, J. & and Chernoff,
J., Down-regulation of insulin signaling by Frolein-tyrosine Fhosphatase 1B is
mediated hy an N-terminal hinding region, J. Biol. Chem., 27&, 22642-23647
25 (2000); Cheng, A. &t al., Aftenuation ofleptin action and regulation of obesity hy
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Resumen de la invencion

Un aspecto de la presente invencion incluye un método para tratar o

prevenir trastornos metabolicos que comprenden la administracién de un agonista

!

‘NAChR a7 selectivo. Otro aspecto de la presents invencidén incluye un método

para tratar o prevenir trastornos del sistema nervioso central inducidos por

farmaco que comprenden la administracion de un agonista nAChR «7 selectivo.

En una realizacion, el agonista nAChR a7 es el Compuesto A, Compuesto
B, o Compuesto C, o una sal farmacéuticamente aceptable de los mismos. En una
realizaciéon, el agonista nAChR a7 es el Compueste C o una sal

farmacéuticamente aceptable del mismo.

En una realizacion, el trastorno metabodlico s uno o mas de diabetes
mellitus tipo |, diabetes mellitus tipo 1l, sindrome metahdlico, aterosclerosis,
obesidad, 2 hiperglicemia. En una realizacion adicional, la hiperglicemia es un

resultado de la terapia con estatina.

En una realizacion, el trastorno del sistema nervioso central inducido por

farmaco s un resultado de la terapia con estatina.

Un aspecto de la presente invencidn es un método para tratar o prevenir un

trastorno metabdlico que comprende la administracién de

PCT/US2008/071893



3,

WO 2009/018511 9 PCT/UIS2008/071893

/
X
c““\\\

o) HN

o una sal farmacéuticamente aceptable del mismo. En una realizacion, | trastorno
metabélico es uno 0 mas de diabetes mellitus tipo |, diahetes mellitus tipo |,
5 sindrome metabdlico, aterosclerosis, obesidad, e hiperglicemia. En wuna
realizacion, una dosis diaria es de aproximadamente 0.001 mg/kg a

aproximadamente 3.0 mg/kg.

Un aspecto de la presente invencion es el uso de un agonista nAChR a7
10  selectivo en la fabricacién de un medicamento para tratar o prevenir trastornos

metahodlicos.

Otro aspecto s el uso de un agonista nAChR «7 selectivo en la fabricacidn
de un medicamento para tratar o prevenir trastornos del sistema nervioso central

15 inducidos por farmaco.

En una realizacién, el agonista nAChR a7 es el Compuesto A, Compuesto
B, o Compuesto C, o una sal farmacéuticamente aceptable de los mismos. En una
realizacién, el agonista nAChR a7 es el Compuesto C o una sal

20 farmacéuticamente aceptable del mismo.

En una realizacién, el trastorno metabdlico es uno o mas de diabetes
mellitus tipo |, diabates mellitus tipo I, sindrome matabdlico, aterosclerosis,

obesidad, e hiperglicemia.
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En una realizaciéon, la hiperglicemia es un resultado de la terapia con
estatina. En una realizacion, el trastorno del sistema nervioso central inducido por

farmaco es un resultado de la terapia con estatina.

Otro aspecto de la presente invencidon es el uso del Compuesto C:

N =

>
Z
%
-

Yaw
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o una sal farmacéuticamente aceptable del mismo =n la fabricacion de un

10 medicamento para tratar o prevenir un trastornoe metabélico. En una realizacién, el
trastorno metabdlico &s uno o mas de diabetes mellitus tipo |1, diabetes mellitus tipo
II, sindrome metabdlico, aterosclerosis, obesidad, € hiperglicemia. En una
realizacion, una dosis diaria es de aproximadamente 0.001 mg/kg a
aproximadamente 3.0 mg/kg.
15
Otro aspecto de la presente invencién s un compuesto agonista nAChR «7

selectivo para uso =n el tratamiento o prevencién de trastornos metabdlicos.

Otro aspecto de la presente invencién s un compuesto agonista nAChR a7
20 selectivo para uso en el tratamiento o prevencion de trastornos del sistema
nervioso central inducidos por farmaco. En una realizacién, el agonista nAChR a7

es Compuesto A, Compueste B, o Compuesto C, o una sal farmacéuticamente
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aceptable de los mismos. En una realizacién, el ageonista nAChR o7 es el

Compuesto C o una sal farmacéuticamente aceptable del mismo.

En una realizacion, el trastorno metabdlico s uno o mas de diabetes
mellitus tipo |, diabetes mellitus tipo 1l, sindrome metabdélico, aterosclerosis,
obesidad, e hiperglicemia. En una realizacidn, la hiperglicemia es un resultado de
la terapia con estatina. En una realizacion, el trastorno del sistema nervioso central

inducido por farmaco es un resultado e la terapia con estatina.

Otro aspecto de la presente invencion s un compuesto agonista nAChR a7

selectivo

o una sal farmacéuticamente aceptable del mismo para uso en &l tratamiento o
prevencion de un trastorno metabdlico. En una realizaciéon, el trastorno metabdlico
es uno o mas de diabetes mellitus tipo 1, diabetes mellitus tipe I, sindrome
metabadlico, aterosclerosis, obesidad, & hiperglicemia. En una realizacion, una

dosis diaria es de aproximadamente 0.001 mg/kg a aproximadamente 3.0 mg/kg.

El alcance de la presents invencidn incluye combinaciones de aspectos,

realizaciones, y préferencias descritas aqui.

Breve Descripcion de las Figuras
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Las figuras describen los resultados obtenidos de acuerdo con
realizaciones particulares de la invencion y ejemplifican los aspectos de la

invencion pero no se constituyen como limitantes.

La Figura 1 es una representacion grafica que muestra los efectos del

Compuesto A sobre el peso corporal en ratones dh/db obesos.

La Figura 2 es una representacion grafica que muestra los efectos del

Compuesto A sobre la glucosa en €l plasma en ratones db/db obesos.

La Figura 3 es una representacion grafica que muestra los efectos del

Compuesto A en el consumo de alimento en ratones db/db obesos.

La Figura 4 es una representacion grafica que muestra los efectos del

Compuesto A sobre el peso corporal n ratonas db/db obesos.

La Figura 5 es una representacion grafica que muestra los efectos del

Compuesto A sobre los niveles de glucosa en ratones db/db obesos.

La Figura 6 &s una represantacion grafica que muestra la inhibicion parcial
de los efectos del Compuesto A en &l consumo de alimento en ratones db/db
obesos del inhibidor AG-490 de fosforilacién de tirosina JAK2. EI AG-490, un
inhibidor conocido de la fosforilacion de tirosina JAK2, inhibe parcialmente los

efectos del Compuesto A.

Las Figuras 7A y 7B son representaciones graficas que muestran los

efectos de la pardida de funcién JAK2 en mlltiples dosis bajas (MLDS) inducida
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por STZ disminuye la diabetes (Glucosa Sanguinea en Ayuno) &n ratones en la .

presencia o ausencia del Compuesto A.

Las Figuras 8A y 8B son reprasentaciones graficas que muestran los
efectos de la pérdida de funcién JAK2 en mdltiples dosis bajas (MLDS) inducida
por STZ incrementa € HbA1C en ratones en la presencia o ausencia del

Compuesto A.

Las Figuras 9A y 9B son representaciones graficas que muestran los
efectos de la pérdida de funcion JAK2 en multiples dosis bajas (MLDS) inducida
por STZ disminuye la insulina en &l plasma en ratones en la pressncia o ausencia

del Compuesto A.

Las Figuras 10A y 10B son representaciones graficas que muestran los
efectos de La pérdida de funcién JAK2 en mdltiples dosis hajas (MLDS) inducida
por STZ incrementa el TNFa en el plasma en ratones en la presencia o ausencia

del Compuesto A.

La Figura 11 es una representacion grafica que muestra los efectos del
Compuesto B en el consumo de alimento en ratones db/db. Los resultados
representan la media +/- EEM de ocho ratones tratados y se expresan como el
alimento consumido en gramos/dia. Los ratones =n ayuno muestran un incremento
significativo en el consumo de alimento (P < 0.01) que se inhibe

significativamente mediante el tratamiento con el Compuesto B (+F < 0.01).

La Figura 12 &s una representacion grafica que muestra los efectos del

Compuesto B sobre la masa corporal en ratones db/db. Los resultados
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representan la media +/- EEM de ocho ratones tratados y s expresan como su
masa corporal en gramos. Los ratones en ayuno muestran un incremento
significativo en la masa corporal (P < 0.01) que se& inhibe significativamente por el

Compuesto B (+P < 0.01).

La Figura 13 es una representaciéon grafica que muestra los efectos del
Compuesto B sobre la glucosa sanguinea del plasma (BG) en ratones db/db. Los
resultados representan la media +/- EEM de ocho ratones tratados y se expresan
como my/dL. Los ratones en ayuno muestran un incremento significativo en BG
(*P < 0.01) que se inhibe significativamente mediantz el tratamiento con el

Compuesto B (+P < 0.01).

La Figura 14 es una representacion grafica que muestra los efectos del
Compusasto B sobre los triglicéridos del plasma (TG) en ratones db/db. Los
resultados representan la media +/- EEM de ocho ratones tratados y se expresan
como mg/dL. Los ratones en ayuno muestran un incremento significativo en
plasma TG (*P < 0.01) que se inhibe significativamente meadiante el tratamiento

con el Compuesto B (+P < 0.01).

La Figura 15 es una representacion grafica que muestra los efectos del
Compuesto B sobre la hemoglohina glusosilada del plasma (Hbiac) en ratones
db/db. Los resultados representan la media +/- EEM de cinco ratones tratados y se
expresan como %. Los ratones =n ayuno muestran un incremento significativo en

plasma HbA1C (P < 0.01) que se inhibe significativamente mediante el

tratami=nto con el Compuesto B (+P < 0.01).
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La Figura 16 es una representacion grafica que muestra los efectos del
Compuesto B sobre &l TNFa en el plasma en ratones db/dh. Los rasultados
representan la media +/- EEM de cinco ratones tratados y se expresan ‘como
pg/ml. Los ratones en ayund muestran un incremento significativo en TNFa (P <
0.01) que s& inhibe significativamente mediante =l tratamiento con &l Compuesto B

(+P < 0.01).

La Figura 17 es una representaciéon grafica que muestra los efectos del
Compueste B en la Prueba de Tolerancia a la Glucosa (GTT) &n ratones db/db'
ratones PTP-1B WT. Los resultados representan la media +/- EEM de cuatro
ratones tratados y se expraesan como mg/dL. Los ratones en ayunoe muestran un
incremento significativo en los niveles de glucosa (P < 0.01) y un efecto

significativo con el tratamiento del Compuesto B (+P < 0.01).

La Figura 18 es una representacion grafica de los efectos de la
simvastatina, denominada generalmente como “estatina,” y el Compuesto A sobre
la masa corporal en ratones db/dh. Los resultados representan la media +/- EEM
de ocho ratones tratados y se expresan como su masa corporal en gramos. Los
ratones en ayuno muestran un incremento significativo en la masa corporal (*P <
0.01) que se inhibe significativamente por el Compuesto A (+P < 0.01). La
simvastatina sola no inhibe significativamente &l incremente en la masa corporal
(#P > 0.05). Sin embargo, la combinacién d= simvastatina y &l Compuesto A tiene
un efecto significativo en la reduccién de la° masa corporal comparada con la

simvastatina sola (**P < 0.01).

La Figura 19 es una representacién grafica de los efectos de la

simvastatina, denominada generalment2 como “estatina,” y €l Compuesto A en el
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consumo de alimento en ratones db/db. Los resultados representan la media +/-
EEM de ocho ratones tratados y se expresan como &l alimento consumido en
gramos/dia. Los ratones en ayuno muestran un incremento significativo en el
consumo de alimento (P < 0.01) que se inhibe significativamente por el
Compuesto A (+P < 0.01). La simvastatina sola no inhibe significativamente el
cansume de alimento incrementado (#P > 0.05). Sin embargo, la combinacion de

simvastatina y el Compuesto A tienen un efecto significativo (*'P < 0.01).

La Figura 20 es una representacion grafica de los efectos de la
simvastatina, denominada gensralmente como “estatina,” y €l Compuesto A on
Hbiac en ratones db/db. Los resultados representan la media +/- EEM de ocho
ratones tratados y s exprasan como % de hemoglobina glucada (%Hb1ac). Los
ratones en ayuno muestran un incremento significativo en el % de Hblac (*P <
0.01) que se inhibe significativamente por el Compuesto A (+P < 0.01). La
simvastatina sola no reduce los niveles de %Hblac. De otra parte, esto
incrementa significativamente los niveles de %Hb1ac (++P < 0.01) por encima de
los ratones en ayuno tratados con solo vehiculo. La combinacién de simvastatina y
el Compuesto A disminuyen significativamente los niveles de %Hb1 ac cuando se

compara con la grasa (**P < 0.01) y la grasa mas simvastatina (#P < 0.01).

La Figura 21 es una representacion grafica de los efectos de la
simvastatina, denominada generalmente como “astatina,” y el Compuesto A sobre
la glucosa sanguinea del plasma (BG) en ratones db/db. Los resultados
representan la media +/- EEM de ocho ratones tratados y se expresan como
mg/dL. Los ratones en ayuno muestran un incremento significativo en BG ("P <
0.01) que se inhibe significativament= por el Compuesto A (+P < 0.01). La

simvastatina scla incrementa significativamente los niveles de BG (++P < 0.01) por



142

WO 2009/018511 17 PCT/US2008/071893

encima de los ratones en ayuno tratados con solo vehiculo. Sin embargo, la
combinacién de simvastatina y el Compuesto A disminuyen significativamente los
niveles de BG cuando se compara con la grasa (P < 0.01) y la grasa mas

simvastatina (#P < 0.01).

S
Las Figuras 22A y 22B son reprasentaciones graficas de los efectos de la
simvastatina, denominada generalmente como “estatina,” y el Compuesto A en la
prueba de tolerancia a la glucosa resistente a la insulina en ratones db/db.
10 La Figura 23 es una representacién grafica de los efectos de la

simvastatina, denominada generalmente como “estatina,” y el Compuesto A sohre
los triglicéridos del plasma (TG) en ratones db/dh. Los resultados represantan la
media +/- EEM de ocho ratones tratados y se expresan como mg/lL. Los ratones
en ayuno muestran un incremento significativo en TG (*P < 0.01) que se inhibe
15 significativamente por el Compueste A (+P < 0.01). La simvastatina sola no
disminuye significativamente los niveles de TG (++P > 0.01) por encima de los
ratones en ayuno tratados con solo vehiculo. Sin embargo, la combinacion de
simvastatina y el Compuesto A disminuyen significativamente los niveles de TG
cuando se compara con la grasa y la grasa (P < 0.01) y la grasa mas

20 simvastatina (#P < 0.01).

La Figura 24 es una representacion grafica de los efectos de la
simvastatina, danominada generalmeants como “estatina,” y @l Compuesto A sobre
el colesterol del plasma (Choi) en ratones db/db. Los resultados representan la

25  media +/- EEM d2 ocho ratones tratacos y s& expresan como mg/idL. Los ratones
en ayuno muestran un incremento significativo en Choi (P < 0.01) que s& inhibe

significativamente por el Compuesto A (+P < 0.01). La sinvastatina sola también
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disminuye significativamente los niveles de Choi (++P > 0.01) por encima de los
ratones en ayuno tratados con solo vehiculo. La combinacién de simvastatina y el
Compuesto A también disminuye significativaments los niveles de Choi cuando se
compara con la grasa (**P < 0.01). Sin embargo, no existe diferancia significativa
entre el compuesto A mas simvastatina y la simvastatina sola (#P > 0.05).

La Figura 25 es una representacion grafica de los efectos de la
simvastatina, denominada generalmente como “estatina,” y el Compuesto A sobre
el TNFa del plasma en ratones db/db. Los resultados representan la media +/-
EEM de ocho ratones tratados y se expresan como pg/ml. Los ratones en ayuno
muestran un incremento  significativo en TNFa (P < 0.01) que se inhibe
significativamente por el Compuesto A (+P < 0.01). La simvastatina sola no inhibe
significativamente €l incremanto en el TNFa (#P > 0.05). Sin embargo, la
combinacion de simvastatina y €l Compuesto A tiene un efecto significativo en la

reduccion de los niveles de TNFa (**P < 0.01).

La Figura 26A es una ilustracién de la identificacién de células progenitoras

del hipocampo utilizando citometria de flujo.

La Figura 26B es una reprasentacién grafica del efecto de antidepresivos

sobre proliferacién de células progenitoras en el hipocampo en ratones.

La Figura 27 es una representacion grafica del efecto del Compuesto A

sobre la proliferacién de célula progenitora en &l hipocampo.

La Figura 28 es una representacion grafica que ilustra un ensayo de

proliferacian de célula ghal del cersbro.
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La Figura 29 es una representacién grafica de los =fzctos de nicotina, el
Compuesto D, Compuesto E, y &l Compuesto A sobre la proliferacion de célula

glial del cerebro en un modelo inducido por LPS de neuroinflamacion.

La Figura 30 es una inmunotransferencia que muestra los efectos de la
simvastatina sobre la activacién JAK2 inducida por nicotina en células PC12. Se
pretratan las células con simvastatina (5 uM) durante 24 horas y con nicotina en el
mismo tiempo indicado. Los métodos para transfarir son como se deascribe (ver,
Shaw S. et al, J. Biol. Chem., 2002, incorporada aqui como referencia). El
pretratamiento de las células con simvastatina inhibe significativamenté la

activacién JAK2 inducida por nicotina durante los tiempos indicados.

La Figura 31 es una inmunotransferencia que muestra los efectos de la
simvastatina sobre la neuroproteccion inducida por nicotina contra apoptosis
dinducida por AR en células PC12. Los métodos son como se describe. La
polimerasa poli-(ADP-ribosa) (PARP) &s =l marcador de las células que sufren
apoptosis. Se determina la expresion PARP mediante analisis Western de extracto

nuclear de células PC12.

La Figura 32 es una inmunotransferencia qus muestra los efectos de 10 uM
de famesil pirofosfato (FPP) y geranilgeranil pirofosfato (GGPP) sabre la apoptosis

inducida por simvastatina en células PC12. Los métodos son como s& describe.

La Figura 33 es una representacion grafica que muestra los efectos de 10

UM de farnesil pirofosfato (FPP) y geranilgeranil pirofosfate (GGPP) sobre el
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bloqueo de la simvastatina de produccion ROS inducida per nicotina en células

PC12.

La Figura 34 es una representacion grafica de los efectos del Compuesto C

5 en el consumo de alimento en ratones db/db. Los resultados ilustracdos
reprasentan la media + EEM de cinco ratones tratados/grupo y se expresan como

el aiimento consumido en gramos/dia. Los ratones en ayuno muestran un
incremento significativo en el consumo de alimento por encima de los ratones
magros (*P < 0.01) que se inhibe significativamente por el tratamiento con el

10 Compuesto C (+P < 0.01). No exist= diferencia significativa enfre los ratones con
grasa tipo natural y con grasa KO PTP-1B &n &l consumo de comida disminuido

debido a tratamiento con el Compueasto C (#P > 0.05).

La Figura 35 es una representacion grafica de los efe«;tos del Compuesto C

15 sobre la masa corporal &n ratones db/db. Los resultados ilustrados representan la
media + EEM de cinco ratones tratados/grupo y se exprasan como masa corporal

en gramos. Los ratones &n ayuno muestran un incremento significativo en la masa
corporal (*P < 0.01) que s& inhibe significativamente por el tratamiento con el
Compuesto C (+P < 0.01). No existe diferencia significativa entre los ratones con

20 grasa tipo natural y con grasa KO PTP-1B debido al tratamiento con el Compuesto

C #P > 0.05).

La Figura 3A &s una representacion gréafica de los efectos del Compuesto C

sobre la glucosa sanguinea del plasma (BG) en ratones db/db. Los resultados

25 ilustrados representan la media + EEM de cinco ratones tratados/grupo y se
expresan como mg/dL de BG. Los ratones en ayuno muestran un incremento

significativo en BG (P < 0.01) que se inhibe significativamente por el tratamiento
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con el Compussto C (+P < 0.01). No existe diferencia significativa entr2 los
ratones con grasa tipo natural y con grasa KO PTP-1B debido al tratamiento con el

Compuesto C (#P > 0.05).

La Figura 37 es una representacion grafica de los efectos del Compuesto C
sobre ftriglicéridos del plasma en ratones db/db. Los resultados ilustrados
representan la media + EEM de cinco ratones tratados/grupo y se exprasan como
mg/dL. Los ratones 2n ayuno muestran un incremento significative en plasma TG
(*P < 0.01) que se inhibe significativamente por &l tratamiento con el Compussto C
(+P < 0.01) sobre. la grasa PTP-1B tipo natural pero no en en la grasa PTP-1B KO.
Existe también una diferencia significativa en los niveles de TG en ¢l plasma entra

la grasa tratada tipo natural y las grasa PTP-1B KO tratada (#P < 0.01).

La Figura 33 es una representacion grafica de los efectos del Compuesto C
sobre la hemoglobina glusosilada del plasma (Hbiac) en ratones db/db. Los
resultacdos ilustrados representan la media + EEM de cinco ratones tratados/grupo
y s& expresan como %. Los ratones en ayuno muestran un incremento significativo
en Hbiac en el plasma (*P < 0.01) que se inhibe significativamente por el
tratamiento con &l Compuesto C (+P < 0.01). No existe diferencia significativa en
el Hbiac del plasma entre la grasas PTP-1 B tipo natural y la grasa PTP-1 B KO

(#P > 0.05).

La Figura 39 es una representacion grafica de los efectos det Compuesto C
sobre TNFt en ratones db/db. Los resultados ilustrados representan la media +
EEM de cinco ratones tratados/grupo y se expresan como pg/mL Los ratones en
ayuno muestran un incremento significativo en TNFo (*P < 0.01) que s& inhihe

significativamente por el tratamisnto con el Compueasto C (+P < 0.01). Existe una
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diferencia significativa entre los niveles de TNFo en el plasma entre la grasa tipo

natural y la grasa PTP- 1 B KO (#P < 0.01).

La Figura 40 es una representacion grafica de los efectos del Compuesto C
en la prueba de tolerancia a la glucosa (GTT) en ratones db/db, ratones PTP-1 B
tipo natural. Los resultados ilustrades representan la media + EEM de cuatro
ratones tratados/grupo y se expresan como mg/dL. Los ratones =n ayuno
muestran una disminucion significativa en la deposicién de glucosa (*P < 0.01) con
el fratamiento con el Compueasto C. Los ratones en ayuno muestran un incremento

significativo en la deposicién (+P < 0.01).
Descripcion Detallada de las Realizaciones Preferidas

Un aspebto de la presents invencién incluye el papel de los nAChR o7 en Ia
regulacién de las rutas biolégicas clave involucradas en =l sindrome metabdélico y
el potencial de los agonistas NnAChR a7 selectivos como un método terapéutico
novedoso para tratar es afeccidon. Aunque el a7 se ha-implicado en la ruta
inflamatoria colinérgica, la evidencia se basa exclusivaments en el uso de
agonistas no selectivos en la presencia de antagonistas selectivos putativos,
algunos con farmacocinéticas bastante pobres o probiedades de penetracién del
cerebro. Asi, otro aspecto de la presente invencion incluys compuestos (aqui
adelante definidos y denominados como Compuestos A, B, o C) con alta

selectivdad para el NnAChR «a7.

El Compuesto A €s (5-metil-N-[(2S,2R)-2-(piridin-3-ilmetil)-1-

azabhiciclo[2.2.2]oct-3-iljtiofeno-2-carboxamida), ilustrado adelante.

PCT/US2008/071893
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Compuestd A,

0 una sal farmacéuticamente aceptable del mismo. Como se apreciara, las
convenciones de nomenclatura alterna proporcionan nombres alternativos. Asi, el
5 Compuesto A también s& puede denominar como (2S,2R)-N-(2-((3-piridinilymetil)-
1-azabiciclo[2.2.2]octan-2-il)-5-metiltiofeno-2-carboxamida. Tales convenciones de

nomenclatura no deben influir en la claridad de la presente invencion.

10 il)-5-(2- piridiniltiofeno-2-carboxamida, ilustrado adelante:

Compuesto B,

o una sal farmacéuticamente aceptable del mismo.
15
El Compuesto C as (2S,3R)-N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-

ikenzofuran-2-carboxamida, ilustrado adelante:
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Compuesto C,

o una sal farmacéuticamente aceptable del mismao.

En los estudios de asta solicitud, s& presenta la evidencia que muestra que
los ligandos a7-selectivos inhiben el sindrome metabdlico observado en ratones
db/db al reducir la ganancia de peso, normalizar los niveles de glucosa,
incrementar la secrecion de insulina, disminuir la hemoglobina glucada, reducir las
citoquinas preinflamaterias, reducir los triglicéridos, y normalizar la pryeba de
tolerancia a la glucesa resist=nte a la ins_ulina. Estos datos indican que los
ligandos a7 selectivos son Gtiles para ¢l manejo del sindrome metabdlico (diabetes

I 'y I, aterosclerosis, obesidad).

Otro aspecto de la presente invencidbn proporciona métodos vy
composiciones que se relacionan con coadministracion de ligandos a7 selectivos
con estatinas, con el fin de disminuir los efectos colaterales no deseados de las
estatinas, que incluyen glicemia incrementada. Las estatinas pertinentes incluyen
atorvastatina, cerivastatina, fluvastatina, lovastatina, mevastatina, pravastatina,
pravastatina, rosuvastatina, simvastatina, y =statinas adicionales, definidas con
base en su inhibicidn de reductasa HMG CoA. Aundque se pueden utilizar aqui los
nombres comerciales o los nombres genéricos, se hace referencia a los

ingredientes activa(s) subyacentes en tales productos de farmaco. Compuastos
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Los compuestos utiles de acuerdo con la presente invencidon son los
ligandos 7 NNR selectivos, como se gjemplifica por los Compuestos A, B, y C,

aqui.

Los Compuestos A, B y C son miembros de un género de compuestos
descritos en la Patente US 6,953,855 (incorporada aqui como referencia en su
totalidad). La Patente US 6,953,355 incluye los compusstos representados por la

Férmula 1.

r

Cy Férmula 1

En la Formula 1, m y n pueden tener individualmente un valorde 102,y p
pueden tener un valor de 1, 2, 3 0 4. En la Formula, X es oxigeno o nitrégeno (es
decir, NR'), Y es oxigeno o azufre, y Z es nitrogeno (es decir, NR’), un enlace
covalente o una especie de ligador, A. A se selecciona del grupo —CR’ R”-, -CR’
R"- CR’ R"-, -CR'= CR’-, y -C;:-, en donde R’ y R” son come se define aqui. Cuando

Z &s un enlace covalente o A, X debe ser nitrégeno. Ar es un grupo arilo, ya sea

g

carbociclico o heterociclico, ya lsea monociclico o policiclico fusionado, no
sustituido o sustituido; y Cy es un anillo hetzroaromatico de 5 o 6 miembros, no
sustituido o sustituido. Asi, la invencion incluye compuestos en los Ar se enlaza a
&l azabiciclo madiante una funcionalidad que contiene &l grupo carbonilo, tal como
una funcionalidad amida, carbamato, urea, tioamida, tiocarbamato o tiourea. En
adicion, en el caso de las funcionalidades amida y tioamida, Ar se puede unir

directamente a el grupo carbonilo (o tiocarbonilo) o se puede enlazar al grupo
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carbonilo (o tiocarbonilo) a través de un ligador A. Adicionalmente, la invencion
incluye compuestos ¢ue conticnen un 1-azabiciclo, que contieng un anillo de 5, 6 0

7 miembros y que ti=ne un total de 7, 8 0 9 &tomos en &l anillo (por ejemplo, 1-
azabhiciclo[3.2.2]nonano).

En una realizacién, el valor de p es 1, Cy es 3-piridinilo o S-pirimidinilo, X'y
Y son oxigeno, y Z es nitrégeno. En otra realizacion, el valor de p es 1, Cy es 3-
piridinilo o &- pirimidinilo, X y Z son nitrdgeno, y Y es oxigeno. En una tercera
realizacién, <l valor de p es 1, Cy es 3-piridinilo o 5-pirimidinilo, X es nitrégeno, Y
&s oxigeno, y Z es un enlace covalente (entre el carbonilo y Ar). En una cuarta
realizacion, el valor de p es 1, Cy es 3-piridinilo o S-pirimidinilo, X s nitrdgeno, Y

es oxigeno, Z es A (una aspecie ligadora entre el carbonilo y Ar).

Los compuestos de Férmula 1 tienen uno o mas carbonos asimétricos y
pueden por lo tanto existir en la forma de mezclas racémicas, enantidmeros y
diasteredmeros. Ambas estequiometrias relativa y absoluta en los carbonos
asimétricos con variables (por ejemplo, cis o trans, R o S). En adicién, algunos de
los compuestos existen como isdémeros E y Z cerca de un enlace doble carhono-
carbono. Todos estos compuestos isoméricos individuales sus mezclas estan

destinados a estar dentro del alcance de la Férmula 1.

Como se utiliza en la Farmula 1, Ar (“arilo”) incluye ambos anillos
aromaticos carbhociclico y heterociclico, ambos monaociclico y policiclico fusionado,
donde los anillos arematicos pusden ser anillos de 5 o 6 miembros. Los grupos
arilo monociclico representativos incluyan, pero no se limitan a, fenile, furanilo,

pirrolilo, tienilo, piridinilo, pirimidinilo, axazolilo, isoxazolilo, pirazolilo, imidazolilo,

de s

WO 2009/018511 26 PCTNIS2008/071893
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tiazolilo, isntiazolilo y similares. Los grupos arilo policiclicos fusionados son
aquellos grupos aromaticos que incluyen un anillo aromatico o heteroaromatico de
5 o 6 miembros como uno o mas anillos en un sistema de anillo fusionado. Los
grupos arilo policiclicos fusionados representativos incluyen naftaleno, antraceno,
indolizina, indol, iscindol, benzofurano, benzotiofeno, indazol, bencimidazol,
henztiazol, purina, quinclina, isoquinclina, cinnolina, ftalazina, quinazolina,
quinoxalina, 1,8-naftiridina, pteriridina, carbazol, acfiridina, fenazina, fenotiazina,

fenoxazina, y azuleno.

Como se utiliza en la Férmula 1, los grupos “Cy” son grupos
heteroaromaticos de 5 y 6 miembros en el anillo. Los grupos Cy representativos
incluyen piricinilo, pirimidinilo, furanilo, pirrolilo, tienilo, oxazolilo, isoxazolilo,

pirazolile, imidazolilo, tiazolilo, isotiazolilo y similares, donde se prefiere piridinilo.

Individualments, Ar y Cy pueden ser no sustituidos o se pueden sustituir
con 1, 2 o 3 sustituyentes, tales como alquilo, alquenilo, heterociclilo, cicloalquilo,
arilo, arilo sustituido, arilalquilo, arilalquilo sustituido, halo (por ejemplo, F, Cl, Br, o
l), -OR’, -NR'R”, -CF3, -CN, -NO;, -C:R’, -SR’, -N;, -C(=O)NR'R", -NR'C(=0O)R", -
C(=O)R’, -C(=Q)OR’, -OC(=0O)R’, -O(CR'R")C(=0O)R’, -O(CR'R")NR"C(=0)R’, -
O(CR'R”)NR”SO:R’, -OC(=O)NR'R”, -NR'C(=0)0 R’ -SO:R’, -SO:NR'R", y -
NR’'SO:R”, donde R’ y R” son individualmente hidrégeno, alquilo C4-Cg (por
ejemplo, alquilo de cadena recta o ramificada, preferiblemente C4-Cg, tal como
metilo, etilo, o isopropilo), ciclealquilo (por ejemplo, alquilo Cse ciélico),
heterociclilo, arilo, o arilalquilo (tal como bencilo), yres unenterode 1a68. R'y R’

también se pueden combinar para formar una funcionalidad ciclica.
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Los compuestos de Férmula 1 forman sales de adicion acida que son Utiles
de acuerdo con la presente invencidn. Ejemplos de sales farmacéuticamente
aceptables adecuadas incluyen sales de adicién Acida inorganicas tales como
cloruro, bromuro, sulfato, fosfato, y nitrato; sales de adicion acida organicas tales
como  acetato, galactarato, propionato, succinato, lactato, glicolato, malato,
tartrato, citrato, malesato, fumarato, metancsulfonato, p-toluenosulfonato, vy
ascorbato; sales con aminoacidos acidicos tales como aspartato y glutamato. Las

sales pueden ser en algunos casos hidratos o solvatos de etanol.

Los compusstos representativos de Farmula 1 incluyen:

2-((3-piridinilymetil)-1-azahiciclo[2.2.2]oct-3-il N-(4-fluorofenil)carbamato,

2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il N-(4-clorofenilycarbamato,
2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il N-(4-bromofenil)carbamato,
2-((Q-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il N-(3-fluorofenil)carbamato,
2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-it N-(3-clorofenil)carbamato,
2-((S-piridinil)metil)-1-azabicicla[2.2.2]oct-2-il N-(3-bromofenil)carbamato,

2-((S-piridinil)metil)-1-azabiciclo[2.2. 2]oct-3-il N-(2-fluorofenil)carbamato,
2-((3-piridinilimetil)-1-azabiciclo[2.2.2]oct-3-il N-(2-bromofenil)carbamato,

2-((3-piridinil)metil)—1-azabicicl_o[2.2.2]oct-;‘-‘--il N-(2-metilfenil)carbamato,
2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il N-(2-bifenil)carbamato,
2-((3-piric]inil)metil)-1-azabiciclo[Z.Z.2]oc.t-3-il N-(3-metilfenil)carhamato,
2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il N-(3-bifenil)carbamato,

2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il N-(4-metilfenil)carbhamato,

PCT/US2008/071893
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2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il N-(2-cianofenil)carbamato,

2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il N-(4-cianofenil)carbamato,
2-((3-piridinilymetil)-1-azabhiciclo[2.2.2]oct-3-il N-(3-trifluorometilfenil)carbamato,
2-((3-piridinilimetil)-1-azabiciclo[2.2.2]oct-3-il N-(4-dimetilaminofenil)carbamato,
2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-2-il N-(2-metoxifenil)carbamato,

2-((3-piridinilmetil)-1-azabiciclo[2.2.2]oct-3-il N-(2-fenaxifenil)carbamato,

2-((3-piridinilmetil)-1-azabiciclo[2.2.2]oct-3-il N-(2-feniltiofenil)carbamato,

2-((3-piridinimetil)-1-azabiciclo[2.2.2]oct-2-il N-(3-metoxifenil)carbhamato,
2-((3-piridini)metih)-1-azabiciclo[2.2.2]oct-3-il N-(3-metiltiofenil)carbamato,
2-((3-piridini)metil)-1-azabiciclo[2.2.2]oct-3-il  N-(4-metoxifenil)carbamato,  2-((3-
2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-2-il N-(4-metiltiofenil)carbamato,

2-((G-piridinilymetil)-1-azabiciclo[2.2.2]oct-2-il N-(4-feniltiofenil)carbamato,

2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il N-(2,4-dimetoxifenil)carbamato,

2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il N-(2-tienil)carbamato,
2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il N-(3-tienil)carbamato,
2-((3-piridinil)metil)-‘l-azal:ui«;ia:lb[ﬁ.2.2]oc:t-3-il N-(3-henzotienil)carbamato,
2-((3-piridinilmetil)-1-azabiciclo[2.2.2]oct-3-il N-(1-naftil)carbamato, y

2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il N-(2-naftil)carbamato.

Otros compuestos representativos de Férmula 1 incluyen:

N-fenil-N'-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)urea,
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N-(4-fluorofenil)-N’-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)urea,

N-(4-clorofenil)-N'-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-i))urea,

N-(3-fluorofenil)-N'-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)urea,
N-(3-clorofenil)-N’-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-G-il)urea,

N-(3-bromofenil)-N'-(2-((3-piridinil)metil)- 1-azabiciclo[2.2. 2]oct-3-il)uraa,

N-(2-bromofenil)-N'-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)urea,
N-(2-metilfenil)-N’-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)urea,
N-(2-bifenil)-N’-(2-((3-piridinil)metil)- 1-azabiciclo[2.2.2]oct-3-il)urea,
N-(3-metilfenil)-N’-(2-((3-piridinilymetil)- 1-azabiciclo[2.2.2]oct-3-il)urea,

N-(3-kifenil)-N’-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)urea,

N-(4-metilfenil)-N’-(2-((3-piridinil)metil)- 1-azabiciclo[2.2.2]oct-3-il)urea,

N-(4-bifenil)-N'-(2-((3-piridini)metil)-1-azabiciclo[2.2.2]oct-3-il)urea,
N-(2-cianofenil)-N’-(2-((3-piridinil)metil)- 1-azabiciclo[2.2.2]oct-3-il)urea,

N-(2-cianofenil)-N'-(2-((3-piridinilymetil)- 1-azabiciclo[2.2.2]oct-3-if)urea,
N-(4-cianofenil)-N’-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)urea,
N-(3-trifluorometilfeniI)-N’-(2-((3;|3iriclinil)metil‘)-1 -azabiciclo[2.2.2]oct-3-il)urea,
N-(4-dimetilamincfenil)-N'-(2-((3-piridini)metil)-1-azabiciclo[2.2. 2]oct-2-il)urea,
N-(2-metoxifenil)-N’-(2-((3-piridinil)metil)- 1-azabiciclo[2.2.2]oct-3-il)urea,
N-(2-fenoxifenil)-N’-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)urea,

N-(2-mstiltiof=nil)-N’-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-)urea,

N-(E-metoxifenil)-N’-(2-((2-piridinil)metil)- 1-azabiciclo[2.2.2]oct-3-il)urea,

N-(3-fenaxifenil)-N'-(2-((3-piridinilymetil)-1-azabiciclo[2.2. 2]Joct-3-il)urea,
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N-(3-metiltiofenil)-N’-(2-((3-piridinil)metil)- 1-azabiciclo[2.2. 2]oct-3-il)urea,

N-(4-fenoxifenil)-N’-(2-((3-piridinil)nn&til)- 1-azabiciclo[2.2.2]oct-2-il)urea,
N-(4-metiltiofenil)-N’-(2-((3-piridinil)metil)- 1-azabiciclo[2.2. 2]oct-3-il)uraa,

N-(4-feniltiofenil)-N’-(2-((S-piridinilymetil)- 1-azabiciclo[2.2. 2]oct-3-il)urea,

N-(2-tienil)-N'-(2-((3-piridinimetil)-1-azabiciclo[2.2.2]oct-3-il)urea,
N-(3-tienil)-N’-(2-((S-piridinil)metil)-1 -azabiciclo[Z.2.2]dct-3-il)urea,
N-(S-benzotienil)-N’-(2-((S-piridinimetil)-1-azabiciclo[2.2.2]oct-2-il)urea,
N-(1-naftil)-N'-(2-((2-piridinilymetil)- 1-azabiciclo[2.2.2]oct-3-il)urea, y

N-(2-naftil)-N’-(2-((S-piridinil)metil)-1-azahiciclo[2.2.2]oct-3-il)ur=a.

Otros compuestos representativos de Férmula 1 incluyen:

N-(2-((3-piridinimetil)-1-azabiciclo[2.2.2]oct-3-il)-2-fluorobenzamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-4-fluorohenzamida,
N-(2-((3-piridinilymatil)-1-azabiciclo[2.2.2]oct-3-il)-2-clorobenzamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-2-clorobenzamida,
N-(2-((2-piridinilymetil)- 1-azabiciclo[2.2.2]oct-2-il)-4-clorobenzamida,

N-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)-2-bromohenzamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-4-bromobenzamida,

N-(2-((S-piridinilymetil)-1-azabhiciclo[2.2.2]act-3-il)-2,4-diclorobenzamida,
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N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)-3-metilbenzamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]aet-2-il)-2-fenilbenzamidla,

5 N-(2-((&-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-4-fenilbenzamida,
N-(2-((2-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-2-cianobenzamida,
N-(2-((3-piridinilymetil)-1-azahiciclo[2.2.2]oct-3-il)-3-cianobenzamida,

N-(2-((S-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)-4-cianobenzamida,

10 N-(2-((3-piridinil)metil)- 1-azabiciclo[2.2. 2]oct-3-i1)-4-dimetilaminobenzamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)-3-metoxibenzamidla,

15 N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)-3-fenoxibenzamida,
N-(2-((3-piricliniI)metiI)-1 -azabiciclo[2.2.2]oct-3-il)-4-fenoxibanzamida,
N-(2-((&-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-2-metiltiobenzamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)-3-metiltiohenzamida,

20 N-(2-((3-piridinihmetil)-1-azabiciclo[2.2.2]oct-3-11)-2-feniltiohenzamida,
N-(2-((2-piridinil)metil)-1-azabiciclo[2.2.2]act-2-il)-2-feniltiobenzamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)-4-feniltiobenzamida,
N-(2-((3-piridinil)metil)-1-azahiciclo[2.2.2]oct-2-i1)-2,4-dimetoxibenzamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)-5-bromonicotinamida,

25 N-2-((3-piridinihmetil)-1-azabiciclo[2.2.2]oct-2-il)-3-cloronicotinamida,
N-(2-((3-piridinihmetil)-1-azabiciclo[2.2.2]oct-3-il)-5-fenilnicotinamida,

N-(2-((3-piridinilymetil)-1-azabiciclo[2.2 . 2]oct-2-il)furan-2-carboxamida,
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N-(2-((G-piridinilymetil)-1-azabicizlo[2.2.2]oct-2-il)furan-3-carboxamida,
N-(2-((3-piridinil)meti)-1-azabiciclo[2.2.2]oct-2-il)tiofeno-2-carboxamida,

N-(2-((3-piridinimetil)-1-azabicicla[2.2.2]oct-3-il)-5-bromotiofeno-2-carbhoxamida,

Lh

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-5-feniltiotiofeno-2-carboxamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-5-metiltiofeno-2-carboxamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-2-il)-3-metiltiofeno-2-carboxamida,
N-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)-2-bromotiofeno-2-carboxamida,
N-(2-((G-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-3-clorotiofeno-2-carboxamida,
10 N-(2-((3-piridinilymetil)- 1-azabiciclo[2.2.2]oct-3-il)-5-(2-piridinil)tiofeno-2-
carboxamicda,

N-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)-5-acetyltiofeno-2-carboxamida,

2-carboxamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)tiofeno-2-carboxamida,

N-(2-((3-piridinimetil)-1-azabiciclo[2.2.2]oct-3-il)pirrol-3-carboxamida,

20 N-(2-((3-piridinimetil)-1-azabiciclo[2.2.2]oct-3-il)indol-2-carboxamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2])oct-3-il)indol-3-carboxamida,

N-(2-((2-piridinilymetil)-1-azabiciclo[2.2. 2]oct-3-il)- 1-bhencilindol-3-carboxamida,

25 N-(2-((3-piridinihmetil)-1-azabiciclo[2.2.2]oct-3-il)- 1-isopropil-2-trifluorometil- 1H-

hencimidazol-5-carboxamida,
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N-(2-((3-piridinilymetil)- 1-azabiciclo[2.2.2]oct-3-il)-1-isopropil- 1H-henzotriazol-5-
carboxamida,
N-(2-((S-piridinil)metil)-1-azabiciclo[2.2 2]oct-2-il)benzo[b]tiofeno-2-carboxamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)benzo[b]tiofeno-3-carhoxamida,

h

N-(2-((3-piricdinil)metil)-1-azabiciclo[2.2.2]oct-2-il)benzofuran-2-carboxamida,
N-(2-((3-piridinil)metil)- 1-azabiciclo[2.2.2]oct-3-il)benzofuran-3-carboxamida,

N-(2-((3-piridinil)metil-1-azabiciclo[2.2 . 2]oct-3-il)-3-metilbenzofuran-2-carboxamida,

10 carboxamida,
N-(2-((3-piridinihmetil-1-azabiciclo[2.2.2]oct-3-il)-7-metoxibenzofuran-2-
carboxamida,
N-(2-((3-piridinil)metil-1-azabiciclo[2.2.2]oct-3-il)-7-etoxibenzofuran-2-carboxamida,
N-(2-((3-piridinilymetil-1-azabiciclo[2.2.2]oct-3-il)-3-metil-5-clorobenzofuran-2-

15 carboxamida,
N-(2-((3-piridinil)metil-1-azabicicio[2.2.2]oct-3-il)-3-bromobenzofuran-2-

carhoxamida,

carboxamida,
20 N-(2-((2-piridinilymetil- 1-azabiciclo[2.2.2]oct-3-il)-2-metilbenzofuran-4-carboxamida,
N-(2-((3-piridinil)metil-1-azabiciclo[2.2.2]oct-3-ihnafto[2, 1-b]furan-2-carbhoxamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)naftaleno-1-carboxamida,

N-(2-((3-piridinihmetil)-1-azabicicla[2.2.2]act-2-il)-G-aminonaftalzno-2-carboxamida,
25  N-(2-((3-piridinil)metil-1-azabiciclc[2.2.2]oct-3-il)-3-metoxinaftaleno-2-carboxamidla,
N-(2-((3-piridinilymetil-1-azabiciclo[2.2. 2]oct-3-il)-8-matoxinaftaleno-2-carboxamida,

N-(2-((G-piridinilimetil-1-azabiciclo[2.2.2]oct-2-il)- 1-hidroxinaftaleno-2-carboxamida,
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N-(2-((3-piridinil)metil-1-azabiciclo[2.2.2]oct-2-il)-3-acetoxinaftalenn-2-
carboxamida,
N-(2-((3-piridinil)metil)-1-azahiciclo[2.2.2]oct-2-il) 3-fenilprop-2-enamida,

5  N-2-((3-piridinil)metil)-1-azabiciclo[2.2. 2]oct-3-il)-3-(2-fluorofenil)prop-2-enamida,
N-(2-((3-piridinilymetil)- 1-azabiciclo[2.2. Z]oct-3-il)-3-(4-metoxifenil)prop-2-enamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2. 2]oct-3-il)-2-metil-3-fenilprop-2-enamida,
N-(2-((3-piridinilymetil)-1-azabiciclo[2.2. 2]oct-2-il)-3-(2-fluorofenil) prop-2-enamida,
N-(2-((3-piridinil)metil)-1-azabicizlo[2.2.2]oct-3-il)-3-(3-metilfenil)prop-2-enamida,

10 N-(2-((G-piridinilimetil)-1-azabiciclo[2.2.2]oct-2-il)-3-(4-fluorofenil)prop-2-enamida,
N-(2-(('3--piriclinil)metil)-1-azal:nic:iclo[2.2.2]00t-3-il)-3-(4-m§tiIfenil)prop-2-enamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-3-(2-furil)prop-2-enamida,
N-(2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)-3-(2-metoxifenil)prop-2-enamida,
N-(2—((3-piridinil)metil)-1-azal:uici«:‘.lo[Z.2.2]oc.t-3-iI)-3-(3-bromofeniI)prop-é-enamida,

15  N-(2-((3-piridinilimetil)-1-azabiciclo[2.2.2]oct-3-il)-3-(2-metoxifenil)prop-2-enamida,

N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-2-(3-hidroxifenil)prop-2-enamida,

N-(2-((3-piridinilmetil)-1-azabiciclo[2.2.2]act-2-il)-3-(4-clarofznil)prop-2-enamida,
N-(?.-((S-piridinil)'metil)-'l -azabiciclo[2.2.2]oct-3-il)-3-(4-hidroxifenil)prop-2-enamida,
20 N-(2-((2-piridinilymetil)-1-azabiciclo[2.2.2]oct-2-il)-3-(4-hidroxi-S-metoxifenil)prop-2-
enamida,
N-(2-((3-piridinilimetil)-1-azabiciclo[2.2.2]oct-3-il)-3-(2-tienil)prop-2-enamida,
N-(2-((2-piridinil)metil)- 1-azabiciclo[2.2.2]oct-2-il)-2-(3-piridinil)prop-2-enamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-3-(4-hifenil)prop-2-enamida,

25 N-(2-((3-piridinilymetil)-1-azahiciclo[2.2.2]oct-3-il)-3-(1-naftil)prop-2-enamida,

N-(2-((3-piridinilmetil)-1-azabiciclo[2.2.2]oct-3-il)-3-(3-tienil)prop-2-enatnide,
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N-(2-((2-piridinil)metil)-1-azabiciclo[2.2. 2]oct-3-il)-3-(4-isopropilfenil)prop-2-

enamida,

N-(2-((3-piridinilimetil)-1-azabiciclo[2.2.2]oct-3-i)-3-(3-furil)prop-2-enamida,
N-(2-((3-piridinil)metil)-1-azabiciclo[2.2.2]oct-3-il)-2-etil-3-fenilprop-2-enamida,
N-(2-((3-piridinil)metil)-1-azabicicla[2.2.2]0ct-3-il)-3-(2-piridinil)prop-2-enamida,
N-{2-((3-piridinilymetil)-1-azabiciclo[2.2.2]oct-3-il)-3-(3,4-dimetiltieno[ 2, 3-b]tiofen-2-
il)prop-2-enamida,

N-(2-((3-piridinil)metil)- 1-azabiciclo[2.2.2]oct-3-il)-3-(3-metiltien-2-il) prop-2-

enamida,

Un segunde género de ligandos @7 NNR selectivos (ver Solic. US No.
11/465,914, Pub. No. 2007 00197579 A1 ; ver también solicitud internacional
publicada WO 2007/0242814 A1 ; cada una de las cuales se incorpora aqui como
referencia en su totalidad), util de acuerdo con la presente invencién, se

representa por la Formula 2.

Férmula 2
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En la Férmula 2, Y es axigeno o azufre, y Z &s nitrégeno (es decir, NR) o
un enlace covalente. A esta ausents o s una especie de ligador seleccionado del
grupo -CR’ R’-, -CR’ R”- CR’ R”-, -CR’= CR’-, y -C2-, &n donde R’ y R” son como
se define aqui. Ar es un grupo arilo, ya sea carbociclico o heterociclico, ya sea
monociclico o policiclico fusionado, no sustituido o sustituido; y Cy s un anillo
hetercaromatico de 5 o 6 miembros, no sustituide o sustituido. Asi, la invencion
incluye compusstos en los que Ar se enlaza al diazatriciclo, en el nitrégeno del
anillo pirroliridina, mediante una funcionalidad que contiene el grupo carbonilo, que
forma una amida o una funcionalidad urea. Ar se puede unir directamente a la
funcionalidad que contiene el grupo carbonilo o se puede enlazar a la
funcionalidad que contiene el grupo carhonilo a ftravés del ligador A.
Adicionalmente, la invencian incluy2 compuestos que contienen un diazatriciclo,
que contiens un 1-azal:»icic:lo[Z.2.2100tano. Como se utiliza en referencia con la
Formula 2, un “funcionalidad que contiene el grupo carbenilo” €s un grupo

funcional de la formula -C(= Y)-Z-, donide } are Z are as defined herain.

En una realizacidn, Cy &s 3-piridinilo o 5-pirimidinilo, Y &s oxigeno, Z es un
enlace covalentz y A esta ausente. En otra realizacién, Cy es 3-piridinilo o 5-
pirimidinilo, Y es oxigeno, Z is nitrdgeno y A estad ausente. En una tercera
realizacion, Cy es 3-piridinilo o &- pirimidinilo, Y es oxigeno, Z &s un enlace
covalents, y A es una especie de ligador. En una cuarta realizacién, Cy &s 3-
piridinilo o S-pirimidinilo, Y es oxigeno, Z s nitrdgeno y A s una espacie de

ligador.

La unién entre el azacicle y =l azabiciclo se pueds caracterizar por
cualquiera de las varias configuraciones estereoquimicas relativas y absolutas en

los sitios de unidn (por gjemplo, cis o trans, R o S). Los compuestos tiene uno o

165
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mas carbonos asimétricos y pueden existir por 1o tanto en la forma de mezclas
racémicas, enantibmeros y diastersdmeros. En  adicién, algunos de  los
compuestos existen como isdmeros E y Z cerca de un enlace doble carbono-
carbono. Todos estos compuestos isoméricos individuales y sus mezclas también
se destinan a estar dentro del alcance de la prasente invenciéon. Como se utiliza en
la Férmula 2, Ar (“arilo”) incluye ambos anillos aromaticos carboeiclico 'y
heterociclico, ambos monociclico y policiclico fusionado, donde los anillos
aromaticos pueden ser anillos de 5 0 6 miembros. Los grupos arilo monociclicos
representativos incluyen, pero no se limitan a, fenilo, furanilo, pirrolilo, tienilo,
piridinilo,  pirimidinilo, oxazolilo, isoxazolilo, pirazolilo, imidazolilo, tiazolilo,
isatiazolilo y similares. Los grupos arilo policiclicos fusionados son aquellos grupos
aromaticos que incluyen un anillo aromatico o hetercaromatico de 5 o 6 miembros
como uno o mas anillos & un sistema de anillo fusionado. Grupos arilo policiclico
fusionados representativos incluyen naftaleno, antraceno, indolizina, indol,

isoindol, benzofurano, benzotiofeno, indazol, bencimidazol, benztiazol, purina,

. quinolina, isoquinolina, cinnolina, ftalazina, quinazolina, quinoxalina, 1,8-naftiridina,

pteriridina, carbazol, acriridina, fenazina, fenotiazina, fanoxazina, y azuleno.

Como se utiliza en la Formula 2, los grupos “Cy” son grupos
heteroaromaticos de 5 y & miembros en el anillo. los grupos Cy representativos
incluyen piridinilo, pirimidinilo, furanila, pirrolilo, tienilo, oxazolilo, isoxazolilo,

pirazolilo, imidazclilo, tiazolilo, isotiazolilo y similares, donde se prefiere el

[y

piridinilo. Individualmentz, Ar y Cy pueden ser no sustituidos o se pueden sustituir
con 1, 2 o 3 sustituyentes, tales como alquilo, alquenilo, heterociclilo, cicloalquilo,
arilo, arilo sustituido, arilalquilo, arilalquilo sustituido, halo (por ejemplo, F, Cl, Br, o
), -OR, -NRR”, -CF3, -CN, -NO;, -C;R, -SR, -N;, -C(=O)NRR”, -NR'C{(=0Q) R, -

C(=0)R", -C(=N)OR’, -OC{(=O)R’, -O(CRR"C(=0)R, -O({CR'R)NR’C(=O)R, -

PCT/US2008/071893
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O(CRR")NR"SO:R, -OC(=O)NR'R", -NR'C(=0)0 R”, -SO:R, - SO:NRR’, y -
NR'SO:R”, donde R’ y R” son individualmente hidrégeno, alquilo C{-Cs (po
gjemplo, alquile de cadena recta o ramificada, preferiblemente C4-Cs, tal como
metilo, etilo, o isapropile), cicloalquilo (por ejemple, alquilo Cas ciclico),
heterociclilo, arilo, o arilalquilo (tal como bencilo), y res unenteroda 1a 6. R'y R”

también se pueden combinar para formar una funcionalidad ciclica.

Los compuestos de Formula 2 forman sales de adiciéon acida que son atiles
de acuerdo con la presente invencion. Ejemplos de sales farmacéuticamente
aceptables incluyen adecuadas incluyen sales de adicion acida inorganicas tales
comeo cloruro, bromuro, sulfato, fosfato, y nitrate; sales de adicién acida organica
tales como acetato, galactarato, propionato, succinato, lactato, glicolate, malato,
tartrato, citrato, maleato, fumarato, metanosuifonato, p-toluenosulfonato, y
ascorhato; sales con amincacidos acidicos tales como aspartato y glutamato. Las

sales PLIPCI&::I ser en algunos casos hidratos o solvatos de o etanol.

Los compuestos representativos de Férmula 2 incluyen:

5-benzoil-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,

5-(3-fluorobenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>]Jundecano,
A-(4-flunrobenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 5>]undecano,
5-(2-clorobenzoil)-2-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,53>]undecano,
5-(3-clorobenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,
5-(4-clorobenzoil)-2-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,
A-(2-bromobenzail)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 A>]undecano,

B-(&-bromobenzoil)-2-piriddin-3-il-1,5-diazatriciclo[5.2.2.0<2 6> ]undecano,
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E-(4-bromobenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>Jundecano,
5-(2-yodobenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2 0<2 5>]Jundecano,
5-(3-yadobenzoil)-2-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,&>Jundecano,
5-(4-yodobenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(2-metilbenzoil)-3-piridin-3-il-1 ,.‘:'»-diazétricir:.lo[S.‘-_-.2.0<2,6>]undecano,
5-(3-metilbenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6> Jundecano,

5-(4-metilbenzoil)-2-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,

A-(2-metoribenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(3-metoxibenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2, 6> Jundecano,
A-(4-metoxibenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 A>]undecano,
5-(2-metiltiobenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
A-(E-metiltiobenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,

5-(4-metiltiobenzeil)-3-piridin-2-il-1,&-diazatriciclo[5.2.2.0<2,6>]undecano,

5-(2-fenilbenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,
5-(3-fenilbenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,
5-(4-fenilbenzoil)-3-piridin-3-il-1,5-diazatriciclo[&.2.2.0<2 5> ]undecano,
5-(2-fenaxibenzoil)-2-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>Jundecano,

5-(2-fenoxibenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,

5-(4-fenoxibenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 5>]undecana,
5-(2-feniltiobenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,
B-(3-feniltiobenzoil)-3-piridin-2-il-1,5-diazatriciclo[£.2.2.0<2 6> ]undecano,

5-(4-fenilliobenzail)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(2-cianobenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(3-cianabenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 A>]undecano,

5-(4-cianobenzail)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 3>]undecano,

5-(2-triflucrometillbvaenzoil)-3-piridin-3-il-1, 5-diazatriciclo[5.2.2.0<2 6>]undecano,

5-(3-trifluorometilbenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<Z,6>]undecano,
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&-(4-trifluorometilbenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(2-dimetilaminobenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,G3>]undecano,

H-(3-dimetilaminobenzoil)-23-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,5>]undecano,

5  5-(2-etinilbenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6> ]Jundecano,
5-(3-etinilbenzoil)-2-piridin-3-il-1,5-diazatriciclo[%.2.2.0<2,6> Jundecano,
5-(4-etinilbenzoil)-S-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 5>]undecano,
5-(3,4-diclorobenzoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano, |
5-(2,4-dimetoxibenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 G>]undecano,

10 &-(5,4,5-trimetoxibenzoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(naft-1-ilcarbonil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 &>]undecano,
A-(naft-2-ilcarbonil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6> Jundecano,
a-(tien-2-ilcarbonil)-2-piridin-3-il-1 ,A-diazatriciclo[5.2.2.0-<2,G>]undecano,
5-(tien-2-ilcarbonil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,

15 5-(furan-2-ilcarbonil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 ,6>]undecano,
5-(benzotien-2-ilcarbonil)-2-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 6> ]undecano,
&-(banzofuran-2-ilcarbonil)-2-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(7-metoxibenzofuran-2-ilcartonil)-2-piridin-3-il-1, 6-
diazatriciclo[5.2.2.0<2 6>]undecano, y

20  5-(1H-indol-2-ilcarbonil)-3-piridin-3-il- 1,5-diazatriciclo[5.2.2.0<2 3>]undecano.
Otros compuestos representativos de Férmula 2 incluyen:

5-(fenilacetil)-2-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,
25  5-(difenilacetil)-2-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 &> ]undecano,
5-(2-fenilpropanoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>]Jundecano, y

A-(3-fenilprop-2-enoil)-2-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano.
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Otros compuestos representativos de Férmula 2 incluyan:

5-N-fenilcarbamoil-3-piridin-2-il-1,5-diazatriciclo]
5-(N-(2-fluorofenil)carbamoil)-3-piridin-2-il-1,5-di
5-(N-(3-fluarofenil)carbamail)-2-piriclin-3-il-1,5-di

5-(N-(4-fluorcfenil)carbamoil)-3-piridin-3-il-1,5-di

5.2.2.0<2 6>]undacano,
azatriciclo[%.2.2.0<2,6>]undecano,
azatriciclo[5.2.2.0<2 3>]undecano,

azatriciclo[5.2.2.0<2,6>]undecano,

5-(N-(2-clorofenil)carbamoil)-2-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,

A-(N-(3-clorafenil)carbamoil)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2.6>]undecano,

5-(N-(4-clorofenil)carbamoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 ,6>Jundecano,

5-(N-(2-bromofenil)carbamoil)-3-piridin-3-il-1,5-
diazatriciclo[5.2.2.0<2 6> Jundecano,
5-(N-(3-bromofenilycarbamoil)-3-piridin-3-il-1,5-
diazatriciclo[5.2.2.0<2,6>]undecano,
5-(N-(4-bromofenil)carbamoil)-3-piridin-3-il-1,5-

diazatriciclo[5.2.2.0<2 6>]undecano,

5-(N-(2-yodofenil)carbamail)-3-piridin-3-il-1,5-diazatriciclo[&.2.2.0<2 3> ]undscano,

A-(N-(3-yodofenil)carbamoil)-2-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 6> jundecano,

E-(N-(4-yodofenil)carbamoil)-3-piridin-2-il-1,5-diazatricizlo[5.2.2.0<2,6> Jundecano,
y |

5-(N-(2-metilfenil)carbamoil)-2-piridin-3-il- 1,5-diazatriciclo[§.2.2.0<2 6>]undacano,
5-(N-(3-metilfenil)carbamoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 3> ]undecano,

5-(N-(4-metilfenil)ycarbamoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 5>]undecano,

E-(N-(2-metoxifenil)carbamoil)-3-piridin-2-il-1,5-
diazatriciclo[5.2.2.0<2,6>]undacano,

5-(N-(3-metoxifenil)carbamail)-2-piridin-3-il-1,5-

\b%
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5-(N-(4-metoxifenil)carbameil)-3-piridin-3-il-1,5-

5-(N-(2-metiltiofenil)carbamoil)-3-piridin-3-il-1,5-
diazatriciclo[5.2.2.0<2,6>]Jundecano,
5-(N-(3-metiltiofenil)carbamoil)-3-piridin-2-il-1,5-

diazatriciclo[5.2.2.0<2 A>]undecano,
5-(N-(4-metiltiofenil)carbbamoeil)-3-piridin-3-il-1,%-
diazatriciclo[5.2.2.0<2,6>]undecano,

5-(N-(2-feniIfenil)carbamoil)-i’.-piridin-3-il-1 ,S-diazatriciclo[5.2.2.0<2 3>]undecano,

5-(N-(3-fenilfenifycarbamcil)-2-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6> Jundecans,
5-(N-(2-fenoxifenil)carbamail)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 5> ]undecano,

5-(N-(4-fenoxifenil)carbamail)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,
5-(N-(2-feniltiofenil)carbamoil)-3-piridin-3-il-1,5-

diazatriciclo[5.2.2.0<2 6>]undecano,
5-(N-(3-feniltiofenil)carbamoil)-3-piridin-3-il-1,5-

diazatriciclo[5.2.2.0<2 6>]undecano,
H-(N-(4-feniltiofenil)carbamoil)-3-piridin-3-il-1,5-

diazatriciclo[5.2.2.0<2 &>]undecano,

A-(N-(2-cianofenil)carbamoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 3>]undecano,

5-(N-(4-cianofenil)carbamcil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2,6>]undecano,
5-(N-(2-trifluorometilfenilycarbamoil)-3-piridin-3-il-1,5-
diazatriciclo[5.2.2.0<2,6>]Jundecano,
5-(N-(3-trifluorometilfenilycarbamail)-3-piridin-3-il-1,5-

diazatriciclo[5.2.2.0<2,6>]undecana,



10

20

WO 2009/018511 44 PCT/US2008/071893

A-(N-(4-trifluorometilfenil)carbamoil)-3-piridin-3-il-1,5-
diazatriciclp[ .2.2.0<2,6>]undecano,

5-(N-(2-dimetilaminofenil)carbamoil)-3-piridin-3-il-1,5-
diazatriciclo[5.2.2.0<2,6>Jundescano,
&-(N-(3-dimetilaminofenilcarbamoil)-3-piridin-3-il-1,5-
diazatriciclo[5.2.2.0<2 A>]undecano,

&-(N-(4-dimetilaminofenil)carbamoil)-3-piridin-3-il-1,5-

diazatriciclo[%.2.2.0<2 6>]undecano,

&-(N-(2-etinilfenil)carbamoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 3> ]undecano,

£-(N-(3-tinilfenil)carbamail)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2 6>]undecano,

57(N-(4-eti|1iIfeniI)carbamoiI)-S-piridin-3-i|—1,5-cliazatricic|o[5. 2.0<2 6>Jundecano,
5-(N-(3,4-diclorofenil)carbamoil)-3-piridin-3-il-1,5-
diazatriciclo[5.2.2.0<2,6>]undecano,
H-(N-(2,4-dinnetoxifenil)carbamoil)-3-piricin-&-il-1,5-

diazatriciclo[%.2.2.0<2 G=]undecano,
&-(N-(3,4,5-trimetoxifenil)carbamcoil)-3-piridin-3-il-1,5-

diazatriciclo[%.2.2.0<2 &>]undecano,
H-(N-(1-naftil)carbamail)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 &> ]undecano, y

A-(N-(2-naftil)carbamail)-3-piridin-2-il-1,5-diazatriciclo[5.2.2.0<2,3> Jundecano.

Otros compuestos representativos de Férmula 2 incluyen:

&-(N-bencilcarbamoil)-3-piridin-3-il-1,5-diazatriciclo[%.2.2.0<2 5> ]undecano,
A-(N-(4-bromobenzil)carbamoil)-3-piridin-3-il-1,5-

diazatriciclo[‘S 2.0<2,6>Jundecano,
A-(N-(4-metoxibenzil)carbamoil)-3-piridin-3-il-1,5-

diazatriciclo[5.2.2.0<2,6>]Jundecano,

110
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5-(N-(1-feniletil)carbamoil)-3-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 3>]Jundecano, y

A-(N-(difenilmetil)carbamoil)-2-piridin-3-il-1,5-diazatriciclo[5.2.2.0<2 6> ]undecano.

En cada uno de estos compuestos, un grupo funcional 3-piridin-3-il-1,5-
5 diazatriciclo[5.2.2.0<22 G>]undecano  tiene  la  estructura, con un eésquema

proporcionado de nomenclatura parcial, mostrado adelante:

10 El nitrégeno en la posicién indicada anteriormente como la posicién 5 es el
nitrégeno involucrado =n la formacién de las amidas, tioamidas, ureas y tioureas

se describe aqui.

Los compuestos dtiles de acuerdo con la presente invencion también

15 incluy=n los compuestos de Formula 3:

X z
\n/ ~Ar
o)
N Férmula 3
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En la Férmula 3, X es oxigeno o nitrégeno (es decir, NR’), y Z es nitrégeno
(es decir, NR’), -CR'=CR’- 0 un &nlace covalent2, dado que X debe ser nitrégeno
cuando Z es -CR'=CR- o un enlace covalente, y adicionalmente dado que X_y Zno
so simultaneamente nitrégeno. Ar s un grupe arilo, carbociclico o heater «,Il«_o
monociclico o policiclico fusionado, no sustituido o sustituido; R’ es Hidrégeno,
alquilo C4-Cg (por ejemplo, alquilo de cadena recta o ramificada, preferiblemente

C4-Cs, tal como metilo, etilo, o isopropilo), arilo, o arilalquilo (tal como hencilo).

Los compuestos en los que X es oxigeno y Z as nitrégeno se describen
come ligandos o7 selectivos en, por ejemplo,la PCT WO 97/20998 y Patente US

6,054,4A4, cada una de las cuales se incorpora aqui en su totalidad.

Los compuestos en los que X s nitrdgeno y Z es el enlace covalente se
describen como ligandos o7 selectivos en, por gjemplo, las PCT WO 02/165355,
WO 02/16353, WO 02/18358, WO 04/029050, WO 04/029336, WO 04/0524651,
WO 07/033367, y in Patente US 3,486,172, Patente US 65,500,540, Patente US
6,599,916, Patznte US 7,001,914, Patente US 7,067,515, y Patente US 7,175,193,

cada una de las cualzs s= incorpora aqui en su totalidad.
Los compuestos en los gue X es nitrégeno y Z s -CR'=CR’- s& describen
como ligandos o7 selectivos en, por ejemplo, PCT WO 01/036417 y la Patente US

7,882,090, cada una de las cuales se incorpora aqui en su totalidad.

Realizaciones particulares de acuerdo con la Férmula general 3 incluyen los

siguientes:

N-((CR)-1-azabiciclo[2.2.2]oct-2-il)-5-feniltiofeno-2-carboxamida,
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N-((2R)-1-azabiciclo[2.2.2]oct-3-il)-2-fenil-1,3-tiazol-5-carboxamida;
N-((3R)-1-azabiciclo[2.2.2]oct-3-il)-5-fenil-1,3-oxazol-2-carboxamida; N-((3R)-1-
azabiciclo[2.2.2]oct-3-il)-5-fenil-1 2 4-oxadiazol-2-carbovamida;

N-[(GR)-1-azabiciclo[2.2.2]oct-3-i-1]-4-(4-hidroxifenoxi)benzamida;

N-[(GR)-1-azabiciclo[2.2.2]oct-3-il]-4-fenoxibenzamida;

N-{(2R)-1 -azabicic|o[2.2.2]oct-3-iI]-4-benciIbenzamida; N-[(3R)-1-

N-[(3R)-1-azabiciclo[2.2.2]oct-3-il]-4-(4-fluorofenoxi)benzamida;
N-[(3R)-1-azabiciclo[2.2.2]oct-3-il]-4-(2-fluorofenoxilbenzamida; N-[(3R)-1-
azabiciclo[2.2.2]oct-3-il]-4-(3-fluorofznoxi)henzamida,
N-[(3R)-1-azabiciclo[2.2.2]oct-2-il]-4-(2-clorofenoxi)benzamida;
N-[(3R)-1-azabiciclo[2.2.2]act-3-il]-4-(3-clorofenoxi)benzamida;
N-[(GR)-1-azabiciclo[2.2.2]oct-3-il]-4-(4-clorofenoxi)benzamida;

N-[(3R)- 1-azabhiciclo[2.2.2]oct-2-il]-4-(2-metoxifenoxi)benzamida; N-[(2R)-1-

N-[(3R)-1-azabiciclo[2.2.2]oct-3-il]-4-(3-metoxifenilsulfanil)-benzamida;
N-[(3R)-1-azabiciclo[2.2.2]oct-3-il]-4(2-metoxifenilsulfanil)-henzamida;
N-(2-metil-1-azabiciclo[2.2.2]oct-3-il)4-fenoxibenzamida;

N-((3R)-1-azabiciclo[2.2.2]oct-3-il)-4-(piridin-3-iloxi)henzamida;

1}
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1-azabiciclo[2.2.2]octan-3-il éster de acido fenilcarbamico;

1-azabicicla[2.2.2]octan-3-il &ster de acido N-(4-bromofenil)carbamico;
1-azabiciclo[2.2.2]octan-3-il éster de acido N-(4-metilfenil)carbamico,

1-azabiciclo[2.2.2]octan-3-il éster de acido N-(4-metoxifenil)carbamico;

1-azabiciclo[2.2.2]octan-3-il ster de acido N-(3,4-diclorofenil)carbamico;

- 1-azabiciclo[2.2.2]octan-3-il &ster de acido N-(4-cianofenil)carbamico;

1-azabiciclo[2.2.1]heptan-3-il éster de acido N-fenilcarbamico;
1-azabiciclo[2.2.2]octan-3-il éster de acido N-(3-metoxifenil)carbamico;

1-azabiciclo[2.2.2]octan-3-il &ster de acido N-feniltiocarbamico;

N-(1-azabhiciclo[2.2.2]oct-2-il)(E-3-fenilpropenamida);
N-(1-azabiciclo[2.2.2]oct-3-il)(G-fenilpropenamida);

y sales farmaceuticamente aceptables de los mismos.

Los compuestos Utilzs de acuerdo con la presente invencion tambien

incluyen los compuestos de Férmula 4:

O
A

!‘ld Ar
R

IFérmula 4
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En la Férmula 4, Ar es un grupo arilo, carbociclico o heterociclico,
monociclico o policiclico fusionado, no sustituido o sustituido; R es Hidrogeno,
alquilo C4-Cg (por sjemplo, alquilo de cadena recta o ramificada, preferiblemente

C4-Cs, tal como metilo, etilo, o isopropilo), arilo, o arilalquilo (tal como hencilo).

Tales compuestos se describen como ligandos a7 selectivos en, por
gjemplo, las las PCT WO 03/018525, WO 03/018585, WO 02/022853, WO

023/070732, WO 03/072!
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B,AG62,815, cada una de las cuales se incorpora aqui en su totalidad. Las
realizaciones particulares de acuerdo con la Férmula general 4 incluyan los

siguientes:

N-(7-azabiciclo[2.2.1]hept-2-il)-5-feniltiofeno-2-carbozamida;
N-(7-azahiciclo[2.2.1]hept-2-il)-5-(2-piridinil)tiofeno-2-carbozamida;
N-(7-azabiciclo[2.2.1]hept-2-il)-5-fenilfuran-2-carbozamida,

y sales farmacéuticamente aceptables de los mismos.

Los compuestos utiles de acuerdo con la presente invencion tambien

incluyen los compuestos de la Férmula 5:

N Férmula 5

En la Formula 5, n es 1 o 2; Ar es un grupo arilo, carbociclico o

heterociclico, monociclico o policiclico fusionado, no sustituido o sustituido; y Z as

1>
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oxigeno, -CC-, -CH=CH- o un enlace covalente. Tales compuestos se describen
como ligandos a7 selectivos en, por ejemplo, las PCT WO 00/058311, WO
04/0168516, WO 04/016517, 04/061510, WO 04/051511 y WO 04/ 076453, cada

una de las cuales se incorpora aqui en su totalidad.

Las realizaciones particulares de acuerdo con la Férmula general 5 incluyen
los siguientes:
(1,4-diazabiciclo[3.2.2]non-4-il)(4-metoxifenil)metanona;

(1,4-diazabiciclo[3.2.2]non-4-il)(5-clorofuran-2-il)metancona;

(1,4-diazabiciclo[3.2.2]non-4-il)(5-bromotiofen-2-il)metancna;

(1,4-diazabiciclo[3.2.2]non-4-il)(4-fenoxifenil)metanona;
(1,4-diazabiciclo[2.2.2]non-4-il)(5-fenilfuran-2-i)metanona;
(1,4-diazabiciclo[3.2.2]non-4-il)(5-(3-piridinilitiofen-2-i)metanona;
1-(1,4-diazabiciclo[3.2.2]non-4-il)-2-fenilpropencona;

y sales farmacéuticamente aceptables de los mismos.

Los compuestos Utiles de acuerdo con la presente invencién también

incluyen los compuestos de Formula 6:

>/

En la Férmula &, Ar es un grupe arilo policiclico fusionado, heterociclico, no

Férmula 6

sustituide o sustituido; y Z s -CHo- o un enlace covalente.
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Tales compuestos se describen como ligandos o7 selectivos en, por

gjemplo, las PCT WO 03/119837 y WO 05/111038 y Patente US 5,881,734, cada

una de las cuales se incorpara aqui como referencia en su totalidad.

Las realizaciones particulares de acuerdo con la Formula general 6 incluyen

los siguientes:

4-henzotiazol-2-il-1,4-diazabiciclo[3.2.2.]Jnonano;

4-benzoxazol-2-il-1,4-diazabiciclo[3.2.2.]Jnonano;

y sales farmacéuticamente aceptables de los mismos.

Los compuestos utiles de acuerdo con la presente invencion también

incluyen los compuestos de Férmula 7:

Férmula 7

En la Formula 7, Ar &s un grupo arilo, carbociclico o heterociclico,
monociclico o paliciclico fusionado, no sustituido o sustituido; X es CH o N; Z es
oxigeno, nitrdgeno (NR) o un enlace covalente; y R 2s H o alquilo. Opcionalmente,

“Z-Ar’ esta ausente de la Férmula 7.

At
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Tales'compuestos se describen como ligandos o7 selectivos en, por

ejemplo, las PCT WO 00/042044, WO 02/093912, WO 03/057102, WO 03/0587103,

WO 03/037104, WO 05/030773, WO 05/042528 y WO 05/05i3138, y Patente US
6,110,914, Patent= US 5,239,224, Patente US 6,569,365, Patente US (3,703,502,
Patents US 5,703,878, Patente US 5,995,167, Patente US 7,186,335 y Patente US
7,196 0968, cada una de las cuales se incorpora aqui como referencia en su

totalidad.

Las realizaciones particularss de acuerdo con la Férmula general 7 incluyen
los siguientes:
espiro[1-azabiciclo[2.2.2]octano-3,2’-(3’'H)-furo[2,3-b]piridina);
5'fenilespiro[1-azahiciclo[2.2.2]octano-3,2°-(3'H)-furo[2,3-b]piridina];
5’-(3-furani|)espiro[1-azabiciclo[f-.’.2Q2]o«:tano-3,2'-(3’H)-furo[2,.’:".-b]piridina];
5'-(2-tienil)espiro[1-azabiciclo[2.2.2]octano-3,2'-(3 Hy-furo[2, 2-b]piridinal;

5’-(N-fenil-N-metilamino)espiro[1-azabiciclo[2.2.2]octano-3,2'-(5'H)-furo[2,3-
5'-(N-3-piridinil-N-metilamino)espiro[1-azabiciclo[2.2.2]octano-2,2’-(3’H)-fura[2, 3-
5'-(2-benzofuraniljespiro[1-azabiciclo[2.2.2]octano-3,2'-(3'H)-furo[2, 3-b]piridina);

5-(2-piridinil)espiro[1-azabiciclo[2.2.2]octano-3,2'-(3'H)-furo[2, 3-b]piridinal;

y sales farmacéuticamente aceptables de los mismos.

Los compuestos (tiles de acuerdo con la presents invencién también

incluy=n los compuestos de la Formula &:

W
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_( S _Ar
\

N : Férmula 8

En la Férmula 38, Ar es un grupo arilo, carbociclico o heterociclico, no

sustituido o sustituido.

5
Tales compuestos se describen como ligandos o7 selectivos en, por
gjemplo, las PCT WO 05/005435 y WO 05/065209, cada una de las cuales se
incorpora acui como referencia en su totalidad.
10 Las realizaciones particulares de acuerdo con la Férmula general 8 incluyen

los siguientes:

-(5-feniltiofen-2-il)espiro[1-azabiciclo[2.2.2]octan-3,5"-oxazolidin]-2’-ona;
3'-(5-(3-piridinihtiofen-2-il)espiro[1-azabhicicln[2.2.2]octan-3,5"-oxazolidin]-2'-ana;

15 vy sales farmacéuticaments aceptables de los mismaos.

Los compuestos dtiles de acuerdo con la presente invencion también

incluyen los compueastos de Férmula 9:

18]
~Ar

20 N Formula 9
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En la Féormula 9, Ar es un grupo arilo, carbociclico o heterociclico,
monociclico o policiclico fusionado, no sustituido o sustituido (preferiblemente por

sustituyentes arilo o ariloxi).

Tales compuestos se describen como ligandos a7 selectivos en, por
ejemplo, las PCT WO 04/0153508, WO 05/086156, WO 05/066167, WO 07/018738,
y Patente US 7,160,374, cada una de las cuales se incorpora acqui como

referencia en su totalidad.

Las realizaciones particulares de acuerdo con la Férmula general 9 incluyen
los siguientes:
2-[4-(1-azabiciclo[2.2.2]oct-2-iloxi)fenil]- 1H-indol;

2-[4-(1-azabiciclo[2.2.2]oct-3-iloxi)fenil]-1H-indol;

5-[4-(1-azabiciclo[2.2.2]oct-3-iloxi)fenil]-1H-indol;
6-[4-(1-azabiciclo[2.2.2]oct-3-iloxi)fenil]-1H-indol;
5-[3-(1-azabiciclo[2.2.2]oct-3-iloxi)piridazin-3-il]-1H-indol;
4-[6-(1-azabiciclo[2.2 2]oct-2-iloxi)piridazin-3-il]-1H-indol;

5-[4-(1-azabiciclo[2.2.2]oct-2-iloxi)fenil]-3-metil- 1H-indazol; A-[2-(1-

y sales farmacéuticaments aceptables de los mismos.

Los compuestos dOtiles de acuerde con la presente invencidn también

incluyen los compuestos de Foérmula 10:
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Férmula 10

En la Formula 10, Ar es un grupo fenilo, no sustituido o sustituido, y Z es -

CH=CH- o un enlace covalente.

5
Tales compuestos se describen como ligandos a7 en, por ejemplo, las PCT
WO 92/152068, WO 94/05223 WO 99/10328, WO04/0195943, WO 04/052:3‘65 y WO
068/133303, y Patente US 5,741,802 y Patente US 5,977,144, cada una de las
cuales se incorpora aqui como referencia en su totalidad.
10

Las realizaciones particulares de acuerdoe con la Formula general 10
incluyen los siguientes:
3-(2,4-dimetoxibencilideno)anabaseina;
3-(4-hidroxibencilideno)anahaseina;

15  3-(4-metoxibencilideno)anabaseina;
3-(4-aminobencilidens)anahassina;
3-(4-hidroxi-2-metoxibencilideno)anabaseina;
3-(2-hidroxi-4-metoxibencilideno)anabaseina;
3-(4-isopropoxibencilideno)anabaseina;

20 3-(4-acetylaminocinnamilideno)anabhaseina;
3-(4-hidroxicinnamilideno)anabaseina;
3-(4-metoxicinnamilideno)anabaseina,

3-(4-hidroxi-2-metoxicinnamilideno)anabaseina;
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3-(2,4-dimetoxicinnamilideno)anabaseina;
3-(4-acetoxicinnamilidenn)anabaseina,

y sales farmacéuticamente aceptables de los mismos.

Los compuestos dtiles de acuerde con la presente invencion también

incluyen los compuestos de Férmula 11:

Ar Formula 11

En la Formula 11, nes 1 0 2; R es H o alquilo, pero mas preferibhlemente
metilo; X es nitrégeno o CH; Z es NH o un enlace covalente, y cuando X es
nitrégeno, Z debe ser un enlace covalente; y Ar es un grupo funcional indolilo,
indazolilo, 1,2-bencisoxazalilo o 1,2-bencisotiazolilo, adherido en cada caso por

via de la posicion 3 al carbonilo.

Tales compuestos s& describen comoe ligandos a7 en, por ejemplo, la PCT

WO 06/001394, incorporada aqui como referencia en su totalidad.

Las realizaciones particulares de acuerdo con la Férmula g=neral 11

incluyen los siguientes:

(8-metil-8-azabiciclo[3.2 1]0(,t-, -il)-B3-(2-tienil)-7H-indazol-3-carboxamida;
2-((G-metil-3,3-diazabiciclo[3.2.1]oct-8-il)carbonil)-7H-indazol,
3-((8-metil-3,3-diazabicicla[3.2.1]oct-3-il)carbonil)-7H-indazol;

S-metoxi-N-(9-metil-9-azahiciclo[3.2.1]non-3-il)-7H-indazol-3-carboxamida;
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B-metoxi-N-(9-metil-@-azabiciclo[2.2.1lnon-3-il)-1,2-bencisotiazol-2-carboxamida;

y sales farmacauticaments aceptables de los mismos.
Ejemplos sintéticos
Sal de (2S,3R)-3-amino-2-((3-piridinil)metil)-1-azabiciclo[2.2.2]octano di-p-

toluoil-D- tartrato

La siguiente sintesis a gran escala de sal de (2S,3R)-3-amino-2-((3-

piridinil)metil)-1-azabiciclo[2.2.2]octano di-p-toluocil-D-tartrato &s representativa.

2-((3-Piridinilmetilen)-1-azabiciclo[2.2.2]octan-3-ona

Se agregan clorhidrato de 3-Quinuclidinona (8.25 kg, 1.0 mol) y metanol
(49.5 L) a un matraz de reaccién de vidrio de 100 L, bajo una atmésfera de
nitrégeno, equipado con un agitador mecanico, sonda de temperatura, y
condensador. Se agraga hidréxido de potasio (5.55 kg, 99.0 mol) por via de un
embudo para polvo durante un periodo de 30 min aproximadamente, que resulta
en una elevacién &n la temperatura de reaccién de 50° C a 56° C. Durante un
periodo de 2 h aproximadamente, se agrega 2-piridinacarboxaldehido (4.80 kg,
44.9 mol) a la mezcla de reaccion. Se agita la mezcla resultante a 20° C £ §° C
durante un minimo de 12 h, cuando se monitor2a la rzaccion por cromatografia de
capa delgada (TLC). Luego de la terminacion de la reaccién, s« filtra la mezcla de
reaccién a través de un embudo de vidrio sinterizado y se lava la torta de filtro con

metanol (74.2 L). Se concentra el filtrado, se transfiere a un matraz de reaccion, y

‘se agrega agua (65.0 L). Se agita la suspension durante un minimo de 30 min, se

filtra, y se lava la torta de filtro con agua (90.0 L) hasta que &l pH del enjuagus es
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7-9. Se seca <l solido bajo vacio a 50° C £ 5° C durante un minimo de 12 h para

dar 3.58 kg (89.2%) d& 2-((3-piridinilymetilen)-1- aﬂablcwlo[”._._]nctan 3-ona.

Sal de  (28)-2 ((u-mrldlnll)mctll)1azahlmrlo[Q.Z.Q]ortan -ona__di-p-toluoil-D-

5 ftartrato

Se agregan 2-((3-Piridinil)metilen)-1-azabiciclo[2.2.2]octan-3-ona (5.40 kg, 25.2
mol)l y metanol (40.5 L) a un recipiente de reaccion de 72 L bajo una atmdsfera
inerte equipado con un agitador mecanico, sonda de temperatura, sistema
10 regulador de gas de baja presién, y calibrador de presidn. Se llena el espacio
superior con nitrégeno, y se agita la mezcla para obtener una solucion amarilla
clara. Al matraz se agrega 10% de paladio sobre carbono (50% humedo) (270 g).
Se evacua la atmdsfera del reactor utilizando una bomba de vapor, y se reemplaza
el espacio superior con hidrégéno con presion de agua de 10 a 20 pulgadas. Se
15 repiten la evacuacion y presurizacién con hidrégeno 2 veces mas, llevando al
reactor bajo presion de agua de 20 pulgadas de gas hidrégeno después de la
tercera presurizacion. Se agita la mezcla de reaccion a 20° C £ 5° C durante un
minimo de 12 h, y se monitorea la reacciéon por via de TLC. Luego de la
terminacion de la reaccidn, se filtra la suspensién a través de un lecho de
20 Celit="545 (1.9 kg) en un embudo de vidrio sinterizado, y se lava la torta de filtro
con metanol (10.1 L). Se concentra e filtrado para obtener un semisélido que se
transfiere, bajo una atmaésfera d= nitrégeno, a un matraz de reaccion de 200 L
ajustado con un agitader mecanico, condensador, y sonda de temperatura. Se
disuelve el semisdlido en etanol (57.2 L), y se agrega acido di-p-toluoil-D-tartarico
25 (DTTA) (9.74 kg, 25.2 mal). Se calienta la mezcla de reaccién agitada a reflujo
durante un minimo de 1 h, y durants un minimo adicional de 12 h mientras que se

)

enfria la reaccién entre 15° C y 30° C. Se filtra la suspension utilizando un filtro de
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mesa, y se lava la torta de filtro con etanol (11.4 L). Se seca el producto hajo vacio

a temperatura ambiente para obtener 11.6 kg (75.2% de rendimiento, 59.5%

factorizado para pureza) de sal e (2S)-2-((3-piridinil)metil)-1-

Sal de (2S8,2R)-3-Amino-2-((3-piridinil)metil)-1-azabiciclo[2.2.2]octano di-o-toluoil-

D-tartrato

Se agregan agua (46.25 L) y bicarbonato de sodio (4.35 kg, 51.8 mol) a un

10 matraz de 200 L. Luego de la disolucién completa, se agrega diclorometano (59.4

toluoil-D-tartrato (11.56 kg, 19.19 mol), y s& agita la mezcla de reaccién durante
entre 2 min y 10 min. Se les parmite a las capas separarse durante un minimo de
2 min (se agrega agua adicional (20 L) cuando es necesario para particion de las
15 capas). Se remueve la fase organica y se seca sobre sulfato de sodio anhidro. Se
agrega diclorometanc (34.7 L) a la fase acuosa restants, y se agita la suspension
durantz entre 2 min y 10 min. Se las permite a las capas separarse durante entre 2
min y 10 min. D& nuevo, se ramueve la fase organica y se seca sobre sulfato de
sodio anhidro. Se repite la extraccion de la fase acuosa con diclorometano (34.7 L)
20 una vez mas, como se hizo anteriormente. Se someten las muestras de cada
extraccién a analisis HPLC quiral. Se remueve el sulfato de sodio mediante
filtracion, y se concentran los filtrados para obtener (25)-2-((3-piridinil)metil)-1-

azabiciclo[2.2.2]octan-3-o0na (4.0 kg) como un sélido.

25 Se transfiere la (28)-2-((3-piridinil)metil)-1-azabiciclo[2.2.2]octan-3-ona (3.8
kg) a un matraz de reaccién de vidrio de 100 L limpio, bajo una atmoésfera de

nitrogeno, ajustado con un agitador mecanico y sonda de temperatura. Se agregan
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tetrahidrofurano anhidro (7.24 L) y (+)-(R)-a metilbencilamina (2.55 L, 20.1 mol).
Se agrega isopropoxido de titanio (IV) (5.47 L, 21.2 mol) a la mezcla de reaccion
agitada durante un periodo de 1 h. Sé agita la reacciéon bajo una atmésfera de
nitrégeno durants un minimo de 12 h. Se agrega =tanol (35.17 L) a la mezcla de
5 reaccién. Se enfria la mezcla de reacciéon por debajo de -5° C, y se agrega
borohidruro de sodio (1.53 kg, 40.5 mol) en porciones, mantzniendo Ia
temperatura de reaccién por debajo de 15° G (esta adicion toma varias horas).
Luego se agita la mezcla de reaccion a 15° C £ 10° C durante un minimo de 1 h.
Se monitorea la reaccion por HPLC, y luego de terminacién de la reaccién (como

10 se indica por menos de 05% de la  (2S)-2-((3-piridinil)metil)-1-

y se agita la mezcla durante un minimo de 10 min. S« filtra la mezcla de reaccidon a
través de un lecho de Celite®545 en un embudo de mesa. Se lava la torta ds filtro
con atanol (15.23 L), y se concentra el filtrado para obtener un aceite.
15
Se transfiere el concentrade a un matraz de reaccidén de vidrio de 100 L
limpio equipado con un agitador mecanico y sonda de temperatura bajo una
atmésfera inerte. Se agrega agua (1 L), y la mezcla se enfria a 0° C + 5° C. Se
agrega acido clorhidrico 2 M (24 L) a la mezcla para ajustar el pH de la mezcla a
20 pH 1. Luego se agita la mezcla durante un minimo de 10 min, y se agrega
hidréxido de sodio 2 M (24 L) lentamente para ajustar el pH de la mezcla a pH 14.
Se agita la mezela durante un minimo de 10 min, y se extras la fase acuosa con
diclorometano (3 x 15.22 L). Se secan las fases organicas sobre sulfato de sodio

anhidro (2.0 kg), se filtran, y se concentran para dar (25,2R)-N-((1 R)-feniletil)-3-
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Se transfiere el (25,2R)-N-((1 R)-feniletil)-3-amino-2-((3-piridinil)metil)-1-
azabiciclo[2.2.2]octano a un matraz de vidrio de 22 L equipado con un agitador
mecanico y sonda de temperatura bajo una atmdésfera inerte. Se agrega agua (4.8
L), y se enfria la mezcla agitada a 5° C + &° C. Se agrega acido clorhidrico
concentrado (2.97 L) lentamente a =l matraz de reaccién, mant=niendo la
temperatura de la mezcla por debajo de 25° C. Se transfiere la solucion resultante
aun lﬁatraz de reaccién de 72 L que contiene etanol (18 L), equipado con un
agitador mecanico, sonda de te=mperatura, y condensador bajo una atmdésfera
inerte. Al matraz se agrega 10% de paladio sobre carbono (50%: humedo) (311.1
g) y ciclohex2no (14.36 L). Se calienta la mezcla de reaccidén a cerca de reflujo
durantz un minimo de 12 h, y s& monitorea la reaccién por TLC. Luego d.e la
terminacion de la reaccién, se enfria la mezcla de reaccion por debajo de 45° C, y
esta se filtra a través de un Ischo de Calit=®545 (1.2 kg) en un embudo de vidrio
sinterizado. Se enjuaga la torta de filtro con etanol (3 L) y se concentra el filtrado
para obtener una fase acuosa. Se agrega agua (500 mL) al filtrado concentrado, y
se lava esta capa acuosa combinada con metil terc-butil éter (MTBE) (2 x 4.79 L).
Se agrzga hidréxido de sodio 2 M (19.5 L) a la fase acuosa para ajustar el pH de
la mezcla a pH 14, Lusgo se agita la mezcla durantz un minimo de 10 min. Se
extrae la fase acuosa con cloroformo (4 x 11.96 L), y se secan las fases organicas
combinadas sobre sulfato de sodio anhidra (2.34 kg). Se filtra el filtrado y se
concentra para obtener (2S,3R)-3-amino-2-((3-piricinilymeatil)-1-

azabiciclo[2.2.2]octano (3.49 kg, > rendimiento cuantitativo) como un aceite.

Se transfiere el (28,3R)-3-amino-2-((3-piridinil)metil)-1-
azabiciclo[2.2.2]octano a un matraz de reaccién de 100 L [impio equipado con un
agitador mecanico, condensador, y sonda de temperatura hajo una atmésfera

inerte. Se agregan elanol (35.4 L) y acido di-p-toluoil-D-tartarico (3.58 kg, 9.27

PCT/US2008/071893
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mol). Se calienta la mezcla de reaccién a reflujo gentil durante un minimo de 1 h.
Luego se agita la mezala de reaccion durante un minimo de 12 h mientras que se
enfria entre 15 ° C y 30° C. Se filtra la suspensidn resultante, y se lava la torta de
filtro con etanol (5.76 L). Se transfiere la torta de filtro a un matraz de reaccién de
vidrio de 100 L limpio equipado con un agitador mecanico, sonda de temperatura,
y condensador bajo una atmoésfera inerte. Se agrega una solucidn 9:1 de
atanol/agua (30.7 L), y se caliznta la lechada resultant= a reflujo gentil durante un
minimo de 1 h. LLIego se agita la mezcla c!g reaceion durants un minimo de 12 h
mientras que se enfria entre 15 ° C y 20° C. Se filtra la mezcla y se lava la torta éle
filtro con etanol (5.76 L). Se recolecta el producto y se seca bajo vacio a 50° C +
5° C durante un minimo de 12 h para dar 5.23 kg (52.1% de rendimiento) de sal de
(2S,2R)-3-amino-2-((3-piridinil)metil)-1-azabiciclo[2.2.2]octano di-p-toluoil-D-

tartrato.

Compuesto A: (2S,3R)-N-(2-((3-Piridinil)metil)-1-azabiciclo[2.2.2]octan-3-il)-5-

metiltiofeno-2-carboxamida

Se agitan sal de (2S,2R)-3-Amino-2-((2-piridinil)metil)-1-azabiciclo[2.2.2]octano di-
p-toluoil-D-tartrato (51.0 g, 84.5 mmol), agua (125 mL), hidréxido de sodio 2 M
(150 mL) y cloroformo (400 mL) juntos en un embudo de separacidn, y se retira la
capa de cloroformo. Se extraz la capa acuosa tres veces mas con cloroformo (2 x
200 mL, luego 100 mL). Se lavan las capas de cloroformo combinadas con cloruro
de sodio acuoso saturado, se secan sobre sulfatc de sodio anhidro y se
concentran mediante evaporacién rotatoria. El tratamiento con alto vacio deja
(2S,3R)-2-amino-2-((3-piridinihmetil)-1-azabiciclo[2.2.2]octance (18.0 g) como un

aceite.
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Se transfier= el (2S,3R)-3-aminc-2-((3-piridinilyrnetil)-1-
azabiciclo[2.2.2]octano a un matraz de reaccién de vidrio de 1 L bajo una
atmésfera inerte. Se agregan diclorometano (500 mL), tristilamina (40 mL, 0.30
mol), acido 5-metiltiofenco-2-carboxilico (12.5 g, 94.9 mmel) y hexafluorofosfato de
O-(benzotriazol-1-il)-N,N,N, 1-tetrametilurono (HETU) (36.0 g, 94.9 mmol) a la
mezcla de reaccidn. Se agita la mezcla durante la noche a temperatura ambiente,
y en cuyo tiempo se completa la reaccion por HPLC. Se agragan agua (200 mL),
hidréxido de sodio 2 M (200 mL) a la reaccion, y s& agita la mezcla resultante. Se
combinan la capa de diclorometano y un extracto de diclorometano de 200 mL de
la capa acuosa y se lavan con cloruro de sodio acuoso saturado (200 mL), se
secan sobre sulfato de sodio anhidro y se& concentran, mediante evaporacidn
rotatoria, para dar un aceite (rendimiento cuantitativo). La purificacion
cromatografica de columna sobre gel de silice, eluyzndo con un gradiente de
metanol  en acetato  de  etilo, da  (25,3R)-N-(2-((S-piridinil)metil)-1-

BH% 0 de

w

azabiciclo[2.2.2]Joctan-3-il)-5-metiltiofeno-2-carboxamida (225 g, 7

rendimiento) como un polvo.

‘Compuesto B: (28,3R)-N-(2-((3-Piridinil)hetil)-1 -azabiciclo[2.2.2]octan-3-il)-5-

(2-piridinil)tiofeno-2-carboxamida

Una muestra de (2S,3R)-3-amino-2-((3-piridinilymetil)-1-
azabiciclo[2.2.2]octano (5.5 g, 25 mmol), generada como se describid

anteriormente  a partir de sal de (2S,2R)-3-Amino-2-((3-piridinil)metil)-1-

reaccion de 500 mL bajo una atmésfera inerte. Se agregan diclorometano (200
mL), trietilamina (10 mL, 72 mmol), 5-(2-piridinilitiofeno-2-acido carboxilico (5.0 g,

29 mmol) yhexafluorofosfato de  O-(benzotriazol-1-il)-N,N,N, 1-tetrametiluronio
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(HBTU) (11.1 g, 29.2 mmol) a la mezcla de reaccion. Se agita la mezcla durante la
noche a temperatura ambiente, y en cuyo tiempo se completa la r=accion por
HPLC. Se agr=gan agua (100 mL), hidréxido de sadio 2 M (100 mL) a la reaccién,
y s& agita la mezcla resultante. La capa de diclerometanc y se combinan dos
extractos de 250 ml de diclorometano de la capa acuosa y se lavan con cloruro de
sodio acuoso saturado (200 mL), se secan sobre sulfato de sodio anhidro y se
concentran, mediante evaporacion rotatoria, para dar un aceitz (rendimiento
cuantitativo). La purificacién cromatografica de columna sobre gel de silice,
eluyendo con un gradiente de metanol en acstato de etilo, da (2S,3R)-N-(2-((3- .
piridini)metil)-1-azabiciclo[2.2.2]octan-3-il)-5-(2-piridinilitiofeno-2-carhoxamida (8.0

g, 80% de rendimiento) como un polvo.

Compuesto  C  (2S, 3R)-N-(2-((3-piridinilimetil)-1-azabiciclo[2.2.2]octan-3-

illbenzofuran-2-carboxamida

Se describe N-(2-((3-piridinil)metil-1-azabiciclo[2.2.2]oct-3-il)benzofuran-2-
carboxamida racémica, una sintesis, y utilidad en tratamiento médico , en la
Patente US No. 6,953,555 a Mazurov et al, incorporada acqui como referencia. Las
etapas sintéticas particulares varian en su susceptibilidad de produccidn a escala.
Se encuentra que las reacciones pierden su capacidad de ser llevadas a gran
escala por una variedad d= razones, que incluyen asuntos de seguridad, costo del
reactivo, trabajo o purificacion dificil, energéticas de reaccidn (termodinamicas o
cinéticas), y rendimiento de reaccidon. Se describen aqui ambos métodos sintéticos
a pequefa escala y a gran escala. La sintesis a escala utiliza la resolucién
dinamica de una (2-((3- piridinihmetil)-1-azabiciclo[2.2.2]Joctan-3-ona) cetona
racémica y la reducciéon selectiva del derivade de (R)-a-metilbencilamina imina

(aminacion reductora) de la cetona resuelta.
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Pequena escala

2-((3-Piridinihmetil=n)-1-azabiciclo[2.2.2]octan-3-0na

Se disuelve hidréxido de potasio (86 g, 0.54 mol) en metanol (420 mL). se agrega
clorhidrato de 3-Quinuclidinona (75 g, 0.49 mol) y se agita la mezcla durante 30
min a temperatura ambiente. Se agrega 3-Piridinacarhoxaldehido (58 g, 0.54 mol)
y se agita la mezcla durante 16 h a temperatura ambient2. La mezcla de reaccion
llega a ser amarilla durante estc- periodo, con los sélidos endurecidos en las
paredes del matraz. Se raspan los sélidos de las paredes y se rompen los
pedazos. Con agitacion rapida, s= agrega agua (390 ml.). Cuando se disuelven los
sélidos, se enfria la mezcla a 4° C durante la noche. Se recolectan los cristales
mediante filtracion, se lavan con agua, y se secan al aire para obtener 80 g de
solido amarillo. Se obtiene un segundo cultivo (8 g) mediante la concentracion del
filtrado a ~10% de su volumen anterior y enfriamiento a 4° C durante la noche.
Ambos cultivos son suficientemente puros para transformacién adicional (83 g,

82% de rendimiento).

2-((3-Piridinimetil)-1-azabiciclof2.2.2l]ostan-3-ona

Se suspende 2-((3-Piridinil)metilzn)-1-azabiciclo[2.2.2]octan-3-ona (20 g, 93
mmol) en metanol (200 nl.) y se trata con 46 mL de acido clorhidrico 6 M. Se
agrega 10% de paladio sobre carbono (1.8 g) y la mezcla se agita bajo 25 psi
hidrogeno durante 16 h. Se filtra la mezcla a traves de tierra diatomacea, y se
remuave el disolvente a partir del filfrado mediante evaporacion rotatoria. Esto

-y ~

proporsiona clarhidrato de 2-((3-piridinil)metil)-1-azabiciclo[2.2.2]octan-3-ona crudo

PCT/US2008/071893
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como una goma blanca (20 g), que posteriormente se trata con hidréxido de sodio
2 M (50 ml.) y cloroformo (50 ml.) y se agita durante una hora. Se separa la capa
de cloroformo, y se trata la fase acuosa con hidréxido de sodic 2 M (~5 mL,
suficiente para elevar el pH a 10) y cloruro de sodio acuoso saturado (25 mL). Se
extrae esta mezcla acuosa con cloroformo (2 x 10 mL), y se secan los extractos de
cloroformo combinados (sulfato de magnesio anhidro) y se concentran mediante
evaporacion rotatoria. Se disuelve el residuo (18 ¢g) en éter caliente (320 mL) y se
enfria a 4° C. Se filtra &l sélido blanco, se lava con una pequenia porcion de éter
frio y se seca al aire. La concentracidn del filtrado a ~10% de su volumen anterior
y enfriamiento a 4° C produce un segundo cultivo. Se obtiene un rendimiento

combinado 16 g (79%).

2-Amine-2-((3-piridinillmetil)-1-azabiciclo[2.2.21]loctano

~

A una solucion agitada de 2-((3-piridinilymetil)-1-azabiciclo[2.2.2]octan-3-
ona (3.00 g, 13.9 mmol) en metanol seco (20 mL), bajo nitrégeno, se agraga una
solucién 1 M de cloruro de zinc en éter (2.78 mL, 2.78 mmol). Después de
agitacion a temperatura ambientz durante 30 min, se trata esta mezcla con
formato de amonio sélide (10.4 g, 187 mmol). Despues de agitar otra hora a
temperatura ambiente, se agrega cianoborohidruro de sodio sélido (1.75 g, 27.8
mmol) en porciones. Luego se agita la reaccion a temperatura ambiente durante la
noche y se termina meadiantz adicion de agua (~ 5 mL). Se particiona la reaccion
apagada entre hidréxido de sodio 5 M (10 mL) y cloroformo (20 mL). Se extra= la
capa acuosa con cloroformo (20 mL), y se s=can las capas organicas combinadas
(sulfato de sodio), se filtran y se concentran. Esto deja 2.97 g de goma amarilla. El

analisis GCMS indica que el producto es una mezcla 1:9 de las aminas cis y trans,
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junto con una traza del alcohol correspondiente (98% de recuperacion de masa

total).

(2R.38) v (28 . 2R)-3-amino-2-((3-piridiniimetil)-1-azabiciclo[2.2.2]octano

Se agrega acido di-p-toluoil-D-tartarice (5.33 g, 13.8 mmol) a una solucién

agitada de 3- amino-2-((3-piridinilymetil)-1-azabiciclo[2.2.2]octano crudo (6.00 g,
27.6 mmoal de 1:9 cis/trans) en metanol (20 mL). Dsspués de completar la
disolucién, se concentra la solucion clara a una masa sélida mediant= evaporécién

10 rotatoria. Se disuelve el sélido en una cantidad minima de metanol en ebullicidn
(~5 mL). Se enfria lentaments la solucion, primeroe temperatura ambiente (1 h),
luego durante ~ 4 h a 5° C y finalmente a -5° C durante la noche. S& recolecta la

sal precipitada mediante filtraciéon por succién y se recristaliza a partir de 5 mL de
metanol. El secado al aire deja 1.4 ¢ de sélido blanco, que se particiona entre

15  cloroformo (5 mL) & hidréxido de sodio 2 M (5 mL). Se combinan la capa de
cloroformo y un extracto de cloroformo d= 5 mL de la capa acuosa, se secan
(sulfato de sodio anhidro) y se concentran para dar un aceite incoloro (0.434 g). Se
determina la pureza enantiomérica de esta base libre madiante conversidn de una
porcion en su N-(terc-butoxicarbonil)-L-prolinamida, que luego se analiza para

20 pureza diastereomérica (98%) utilizande LCMS.

Se hace basico el licor madre de la cristalizacion inicial (~ pH 11) con
hidréxido de sodio 2 M y se extrae dos vaces con cloroformo (10 mL). Se secan
los extractos de cloroformo (sulfato de sodio anhidro) y se concentran para dar un

25  aceite. Se disuelve esta amina (3.00 g, 12.8 mmol) en metanol (10 mL) y se trata
con &cido di-p-toluoil-L-tartarico (2.76 g, 6.90 mmol). Se calienta la mezcla para

ayudar a la disclucion y luego se enfria lentamente a -5°C, donde esta permanace
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durante la noche. Se recolecta el precipitado mediante filtracién por succion, se
recristaliza a partir de metanol y se seca. Esto degja 1.05 g de sdlido blanco. Se
convierte la sal en la hase libre (rendimiento = 0.364 g), y se evalia la pureza
enantiomérica (97%) utilizando el meétodo prolinamida, como se  describio

5 anteriormente para €l otro enantiémero.

Isomero trans 1 de N-(2-((3-piridinilmetiD-1-azabiciclo[2.2.2]octan-3-il)benzofuran-

2- carboxamida

10 Se agrega difenilclorofosfato(0.35 mL, 0.46 g, 1.7 mmol) en forma de gota a
una solucién de acido banzofuran-2-carboxilico (0.28 3, 1.7 mmol) y trietilamina
(0.24 mL, 0.17 g, 1.7 mmol) &n diclorometano seco (5 mL). Daspués de= agitacion a
temperatura ambiente durante 30 min, se agrega una solucién de (2S,5R)-3-
amino-2-((3-piridinimetil)-1-azabiciclo[2.2.2]octano (0.337 g, 1.55 mmol) (que se

15  deriva de la sal de acido di-p-toluoil-D-tartarico) y trietilamina (0.24 mL, 0.17 g, 1.7
mmol) en diclorometann seco (5 mL). Se agita la mezcla de reaccién durante la
nache a temperatura ambiente, y luego se trata con 10% de hidrdxide de sodio (1
mL). Se separa la mézcla hifasica, y se concentra la capa organica n un
evaporador de centrifuga Genevac. Se disuelve el residuo en metanol (6 mL) y se

20 purifica mediant2 HPLC en una columna de gel de silice C18, utilizando un
gradiente de acetonitrilo/agua, que contizne 0.05% de acido trifluoroacético, como
eluyente. La concentracion de las fracciones seleccionadas, la particion del
residuo resultante entre cloroformo y bicarbonato de sedio acuoso saturado, y la

evaporacion del cloroformo da 0.310 g (42% de rendimiento) de polvo blanco (95%

[N
7]

puro por GCMS). 'H RMN (300 MHz, CDCL) & 8.51 (d, 1H), 5.34 (dd, 1H), 758 (d,
1H), 7.58 (di, 1H), 7.49 (d, 1H), 744 (s, 1H), 7.40 (dd, 1H), 7.29 (t, 1H); 7.12 (dd,

1H), 3.63 (d, 1H), 3.95 (t, 1H), 3.03 (m, 1H), 2.95 (m, 4H), 2.7& (m, 2H), 2.03 (m,
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o

1H), 1.72 (m, 3H), 1.52 (m, 1 H). Se determina después que este material
(enantibmero trans 1) es idéntico, mediante analisis cromatografico quiral, al
material cuya configuracién absoluta es 25,3R (establecida por analisis

cristalografico con rayos X).

Isdmero trans 2 de N-(2-((3-piridinihmetil)-1-azabiciclo[2.2 2]octan-3-ilbenzofuran-

2-carboxamida

Se agrega difenilclorofosfato(96 pL, 124 mg, 0.46 mmol) en forma de gota a
una éolucién del acido benzofuran-2-carboxilico (75 mg, 0.45 mmol) (que se deriva
de la sal de acido di-p-toluoil-L-tartarico) y trictilamina (64 pL, 46 mg, 0.45 mmol)
en diclorometano seco (1 mL). Después de agitacidn a temperatura ambiente
durante 45 min, se agrega una solucién de (2R,3S)-3-amino-2-((3-piridinil)metil)-1-
azabhiciclo[2.2.2]octano (0.10 g, 0.45 mmol) y trietilamina (54 pL, 46 mg, 0.45
mmol) en dicloromstano seco (1 mL). Se agita la mezcla de reaccion durante la
noche a temperatura ambients, y luego s= trata con 10% de hidrdxide de sodio (1
mL). Se separa la mezcla bifasica, y se concentra la capa organica y un extracto
de cloroformo (2 mL) de la capa acuosa mediante evaporacion rotatoria. Se
disuzlve el residuo en metanol y se purifica mediante HPLC en una columna de
gel de silice C15, utilizando un gradiente de acetonitrilo/agua, que contieng 0.05%
de acido trifluoroacético, como eluyente. La concentraciéon de las fracciones
seleccionadas, la particién del residuo resultante entre cloroformo y bicarbonato de
sodio acuoso saturado, y la 2vaporacidn del cloroformo da £2.5 mg (50% de
rendimiento) de a polvo blanco. El espectro RMN &s idéntico a aquel obtenido para
el isémero (2S,2R). Debido a que c| precursor inmediato de este material

(enantidbmero trans 2) es enantiomérico al precursor inmediato del compussto
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2S,2R ¢ (enantidmero trans 1), se presume la configuracién de enantidmero trans

2 absoluta por ser 2R.3S.
Gran escala

2-((Z-Piridinihmetilen)-1-azahiciclo[2.2.2lJoctan-2-ona

Se agregan clorhidrato de 3-Quinuclidinona (3.25 kg, 51.0 mol) y metanol
(49.5 L) a un matraz de reaccion de vidrio de 1QO L, bajo una atmoésfera de
nitrégeno, equipado con un agitador mecanico, sonda de temperatura, y
condensador. Se agrega hidroxido de potasio (5.55 kg, 99.0 mol) por via de un
embudo para polvo durante un periodo de 30 min aproximadamente, que resulta
en una e=levacion en la temperatura de reaccién de 50° C a 56° C. Durant2 un
periodo de 2 h aproximadamente, se agrega 3-piridinacarboxaldehido (4.30 kg,
449 mal) a 1a mez_cla de reaccidén. Se agita la mezcla resultante a 20° C + 5° C
durante un minimo de 12 h, cuando se monitorea la reaccion por cromatografia de
capa delgada (TLC). Luego de la terminacion de la reaceion, se filtra la mezcla de
reaccién a través de un embudo de vidrio sinterizado y se lava la torta de filtro con
metanol (74.2 L). Se concentra &l filtrado, se transfiere a un matraz de reaccién, y
s& agrega agua (3.0 L). Se agita la suspension durants un minimo de 30 min, sa
filtra, y se lava la torta de filtro con agua (90.0 L) hasta que &l pH del enjuague as

7-9. Se seca =l sélido bajo vacio a 50° C £ 5° C durante un minimo de 12 h para

dar £.53 kg (29.3%) d& 2-((3-piridinil)metilzn)-1-azabiciclo[2.2.2]octan-3-ona.

Sal de (28)-2-((2-piridinihmetil)-1-azabiciclo[2.2.2]octan-2-ona_ di-p-toluoil-D-

tartrato
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Se agregan 2-((3-Firidinilymetilen)-1-azahiciclo[2.2.2]octan-3-ona (5.40 kg,
25.2 mol) y metanol (40.5 L) a un recipiente de reaccion de 72 L bajo una
atmésfera inerte equipado con un agitador mecanico, sonda de temperatura,
sistema regulador de gas de baja presion, y calibrador de presiéon. Se llzna 2|
aspacio superior con nitrégeno, y se agita la mezcla para obtener una solucién
amarilla clara. Al matraz se agrega 10% de paladio sobre carbono (50% himedo)
(270 ¢g). Se evacua la atmadsfera del reactor utilizando una bomba de vapor, y se
reemplaza el espacio superior con hidrégeno con presién de agua de 10 a 20
pulgadas. Se repiten la evacuacion y presurizacion con hidrégeno 2 veces mas,
llevando al reactor bajo presion de agua de 20 pulgacdas de gas hidrégeno
después de la tercera presurizacién. Se agita la mezcla de reaccion a20° C £ §° C
durante un minimo de 12 h, y se monitorea la reaccion por via de TLC. Luego de
la terminacion de la reaccion, se filtra la suspensiéon a través de un lecho de
Calit=®545 (1.9 kg) &n un embudo de vidrio sinterizado, y s& lava Ia torta de filtro
con metanol (10.1 L). Se concentra el filtrado para obtener un semisélido que se
transfiere, bajo una atmoésfera d= nitrégeno, a un matraz de reacciéon de 200 L
ajustado con un agitador mecanico, condensador, y sonda de temperatura. Se
disuelve el semisdlido en etanol (57.2 L), y se agrega acido di-p-toluoil-D-tartarico
(DTTA) (9.74 kg, 25.2 mol). Se calienta la mezcla de reaccién agitada a reflujo
durante un minimo de 1 h, y durante un minimo adicional d= 12 h mientras que se
enfria la reaccion entre 15° C y 30° C. S« filtra la suspensidn utilizando un filtro de
mesa, y s lava la torta de filtre con etanol (11.4 L). Se seca el producte bajo vacio
a temperatura ambiente para obtener 11.6 kg (76.2% de rendimiento, 59.5%
factorizado para pureza) de sal de (28)-2-((3-piridinil)metil)-1-

azabiciclo[2.2 2]octan-3-ona di-p-toluoil-D-tartrato.
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D-tartrato

Se agregan agua (46.25 L) y bicarbonato de sodio (4.35 kg, 1.2 mol) a un
matraz de 200 L. Luego de la disolucion complata, se agrega diclorometano (39.4
L). Se agrega sal de (25)-2-((3-piridinil)metil)-1-azabiciclo[2.2.2]octan-3-ona di-p-
tolucil-D-tartrato (11.56 kg, 19.19 mol), y s& agita la mezcla de reaccion durante
entre 2 min y 10 min. Se les permite a las capas separarse durante un minimo de
2 min (se agrega agua adicional (20 L) cuando es necesario para particion de las
capas). Se remuave la fase organica y se seca sobre sulfato de sodio anhidro. Se
agrega diclorometano (34.7 L) a la fase acuosa restant=, y se agita la suspension
durante entre 2 min y 10 min. Se les permite a las capés separarse durante entre 2

min y 10 min. D& nuevo, se remueve la fase organica y se seca sobre sulfato de

‘sodio anhidro. Se repite la extraceion de la fase acuosa con diclorometano (24.7 L)

una vez mas, como se hizo anteriorments. Se someten las muestras de cada

extracciéon a analisis HPLC quiral. Se remueve &l sulfato de sodio mediante

filtracion, y se concentran los filtrados para obtener (2S)-2-((3-piridinil)metil)-1-

azabiciclo[2.2.2]antan-3-0na (4 0 kg) como un sélido.

kg) a un matraz de reacciéon de vidrio de 100 L limpio, bajo una atmdsfera de
nitrégeno, ajustade con un agitador mecéanico y sonda de temperatura. S& agregan
tetrahidrofurano anhidro (7.24 L) y (+)-(R)-- metilbencilamina (2.5% L, 20.1 mol).
Se agrega isopropoxido de titanio (IV) (8.47 L, 21.8 mol) a la mezcla de reaceidn
agitada durante un periodo de 1 h. Se agita la reaccidn bajo una atmosfera de
nitrégeno durante un minimo de 12 h. Se agraga etanol (36.17 L) a la mezcla de

reaccion. Se enfria la mezcla de reaccidn por debajo de -5° C, y se agrega
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borohidruro de sodio (1.53 kg, 405 mol) en porciones, manteniendo la
temperatura de reaccion por debajo de 15° C (esta adicidn toma varias horas).
Luego se agita la mezcla de reaccién a 15° C £ 10° C durante un minimo de 1 h.
Se monitorea la reaccién por HPLC, y luego de terminacién de la reaccidn (como
5 seindica por menos de 0.5°% de (25)-2-((S-piridinil)metil)-1-azabicicln[2.2.2]octan-
3-ona restante), se agrega hidroxido de sodio 2 M (15.99 L) y se agita la mezcla
durante un minimo de 10 min. Se filtra la mezcla de reaccidn a través de un lecho
de Celita®545 en un embudo de mesa. Se lava la torta de filtro con etanol (15.23

L), y se concentra el filtrado para obtener un aceite.

10

Se transfiere el concentrado a un matraz de reaccion e vidrio de 100 L
limpio equipado con un agitador mecanico y sonda de temperatura bajo una
atmésfera inerte. Se agrega agua (1 L), y la mezcla se enfria a 0° C + 5° C. Se
agrega acido clorhidrico 2 M (24 L) a la mezcla para ajustar el pH de la mezcla a
15  pH 1. Luego se agita la mezcla durantz un minimo de 10 min, y se agrega
hidréxido de sodio 2 M (24 L) lentamente para ajtistar el pH de la mezcla a pH 14.
Se agita la mezcla durante un minimo de 10 min, y s extrae la fase acuosa con
diclorometano (3 x 15.23 L). Se secan las fases organicas sobre sulfato de sodio
anhidro (2.0 kg), se filtran, y s concentran para dar (25,2R)-N-((1 R)-fenilatil)-3-
20 amino-2-((3-piridiniimetil))-1-azabiciclo[2.2.2Joctano (4.80 kg, 8§4.7% de

rendimiento).

Se ftransfierz el (25,3R)-N-((1 R)-fenilztil)-3-amino-2-((3-piridinilymetil)-1-
azabiciclo[2.2.2]octano a un matraz de vidrio de 22 L equipado con un agitador

25 ‘mecénico y sonda de temperatura bajo una atmésfera inerte. Se agrega agua (4.8
L), y se enfria la mezcla agitada a 5° C + 5° C. Se agrega éacido clorhidrico

concentrado (2.97 L) lentamente al matraz de reacciéon, manteniendo la
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temperatura de la mezcla por debajo de 25° C. Se transfiere la solucién resultante
a un matraz de reacciéon de 72 L que contizne etanol (18 L), equipado con un
agitador mecanico, sonda de temperatura, y condensador bajo una atmésfera
inerte. Al matraz s= agrega 10% de paladio scbre carbono (50% humedo) (311.1

g) y ciclohexeno (14.36 L).

Se calienta la mezcla cl¢ reaccion a cerca de reflujo durante un minimo de
12 h, y se monitorea la reaccion por TLC. Luego de la terminacién de la reaccion,
se enfria la mezcla de reaccién por debajo de 45° C, y se filtra a través de un
lacho de Celite®545 (1.2 kg) en un embudo de vidrio sinterizado. Se enjuaga la
torta de filtro con etanol (3 L) y se concentra el filtrado para obtener una fase
acuosa. Se agrega agua (500 mL) al filtrado concentrado, y se lava esta capa
acuosa combinada con metil terc-butil éter (MTBE) (2 x 4.79 L). Se agrega
hidroxido de sodio 2 M (19.5 L) a la fase acuosa para ajustar el pH de la mezcla a
pH 14. Luego se agita la mezela durante un minimo de 10 min. Se extrae la fase
acuosa con cloroformo (4 x 11.96 L), y se secan las fases organicas combinadas
sobre sulfato de sodio anhidro (2.34 kg). Se filtra &l filtrado y se concentra para
obtener (28,3R)-3-amino-2-((3-piridinilymetil)- 1-azabiciclo[2.2.2]octano (3.49 kg, >

rendimiento cuantitativo) como un aceite.

Se transfiere el (2S,2R)-3-amino-2-((S-piridinilymetil)-1-
azabhiciclo[2.2.2]octanc a un matraz de reaceion de 100 L limpio equipado con un
agitador mecanico, condensador, y sonda de temperatura bajo una atmdsfera
inerta. Se agregan etanol (36.4 L) y acido di-p-toluoil-D-tartarico (3.58 kg, 9.27
mol). Se caliznta la mezcla de reaccidn a reflujo gentil durant2 un minimo de 1 h.
Luego se agita la mezcla de reaccién durante un minimo de 12 h mientras que se

enfria entre 15° C y 30° C. Se filtra la suspensién resultante, y se lava la torta de

1 (ND
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filtro con etanol (5.76 L). Se transfier= la torta de filtro a un matraz de reacciéon de
vidrio de 100 L limpio equipado con un agitador mecanico, sonda de temperatura,
y condensador bhajo una atmdsfera inerte. Se agrega una solucidn 9:1 de
etanol/agua (30.7 L), y se calienta la lechada resultante a reflujo gentil durant2 un
minimo de 1 h. Luego se agita la mezcla de reaccidn durante un minimo de 12 h
mientras que se enfria entra 15° C y 30° C. Se filtra la mezcla y se lava la torta de
filtro con etanol (5.76 L). Se recolecta =l producto y se seca bajo vacio a 50° C +

° C durante un minimo de 12 h para dar 5.63 kg (58.1%, de rendimiento) de sal de
(2S,3R)-3-  amino-2-((3-piridinil)metil)-1-azabiciclo[2.2.2]octano  di-p-toluoil-D-

tartrato.

(2S,3R)-N-(2-((2-Piridinilymetil)-1-azabiciclo[2.2.2]octan-3-il)benzofuran-2-

carboxamida

Se agragan sal de (2S,3R)-3-Amino-2-((2-piridinilymetil)-1-
azabiciclo[2.2.2]octano di-p-toluoil-D-tartrato (3.'34 kg, 5.95 mol) y 10°% de solucién
de cloruro d= sodio acuosa (14.4 L, 46.4 mol) a un matraz de reaccion de vidrio de
72 L equipado con un agitador mecanico bajo una atmésfera inerte. Se agrega
hidréxido de sodio 5 M (5.09 L) a la mezcla agitada para ajustar 2l pH de la mezcla
a pH 14. Luego se agita la mezela durante un minimo de 10 min. Se extrae la
solucién acuosa con cloroformo (4 x 12.0 L), y se secan las capas organicas
combinadas sobre sulfato de scdio anhidro (1.72 kg). Se filtran las capas

organicas combinadas, y se concentra el filtrado para obtener (2S,32R)-3-amino-2-

Se transfiere el (2S,3R)-3-amino-2-((3-piridinilymetil)-1-

azabiciclo[2.2.2]octano a un matraz d= reaccidn de vidrio de 50 L equipado con un

PCT/US2008/071893
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agitador mecanico bajo una atmésfera inerte. Se agregan diclorometano (16.5 L),
trictilamina (847 mL, 5.08 mol), acido benzofuran-2-carboxilico (945 ¢, 5.85 mol) y
hexafluorofosfato de O-(benzotriazol-1-il)-N,N,N,1-tetrametiluronic (HBTU) (2.17
kg, 5.85 mol) a la mezcla de reaccidn. Se agita la mezcla durante un minimo de 4
h a temperatura ambientz, y se monitor2a la reaccion por HPLC. Luego de la
terminacion de la reaccién, se agrega 10% de carbonato de potasio acuoso (12.7
L, 17.1 mol) a la mezcla de reaccidn y se agita la mezcla durante un minimo de 5
min. Se separan las capas y se lava la fase organica con 10% de selucion salina
(12.7 L). Se separan las capas y se enfria la fase organicaa 15°C +10°C. 3 M
Hidrocloric acid (3.0 L) se agrega lentamente a la mezcla de reaccién para ajustar
el pH de la mezcla a pH 1. Luego se agita la mezcla durant2 un minimo de 5 min,
y se les pemite las capas la particion durante un minime de 5 min. Se filtran los
sélidos utilizando un filtro de mesa. Se separan las capas del filtrado, y se
transfieren la fase acuosa y los sélidos del embudo al matraz de reaccidén. Se
agrega hidréxido de sodio 3 M (9.0 L) lentamente al matraz en porciones para
ajustar el pH de la mezcla a pH 14. Se extrae la fase acuosa con diclorometano (2

x 16.5 L). S= secan las fases organicas comhinadas sobre sulfato de sodio anhidro
(1.71 kg). Se fltra la mezcla, y se concentra el filtrado para dar (25,3R)-N-(2-((3-
piridini)metil)-1-azabiciclo[2.2.2]octan-2-il)benzofuran-2-carboxamida  (1.63 kg,

77.0% de rendimiento) como un sélido amarillo.

(2S,3R)-N-(2-((G-piriclinilmetil)- 1-azabiciclo[2.2. 2]oct-3-il)benzofuran-2-

carboxamida p- toluenosulfonato

Se agregan (2S,2R)-N-(2-((2-Piridinilimetil)-1-azabiciclo[2.2.2]octan-3-
ibenzofuran-2-carboxamida (1.62 kg, 4.48 mol) y diclorometano (.60 kg) en una

bombona. Se determina &l porcentaje peso/peso del material en solucién a través

0L
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de analisis HPLC. Se concentra la solucién a un aceite, se agrega acetona (4 L), y
la mezcla se concentra a un sélido aceitoso. Se agrega acetona adicional (12 L) se
agrega al sélido aceitoso en el bulbo evaporaddr rotativo, y se transfiere la lechada
resultante a un matraz de reaccion de vidrio de 30 L con un agitador mecanico,
5 condensador, sonda de temperatura, y condensador bajo una atmésfera inerte. Se
caliznta la mezcla de rzaccion a 50° C + 5° C. Se& agrega agua (80.7 g) a la
solucién, y se .agita durante un minimo de 10 min. Se agrega acido p-
Toluenosulfénico (853 g, 4.44 mol) a la mezcla de reaccién en porciones durante
aproximadamente 15 min. Se calienta la mezcla de reaccidn a reflujo y se
10 mantiene a esta temperatura durante un minimo de 30 min para obtener una
solucién. Se enfria la reaccién a 40° C + 5° C durante aproximadamente 2 h. Se
agrega acetato de isopropilo (14.1 L) durante aproximadamente 1.5 h. S2 enfria
lentamente la mezcla de reaccidn a temperatura ambiente durante un minimo de
10 h. Se filtra la mezcla y s& lava la torta de filtro con acetato de isopropilo (3.5 L).
15 Se seca el praducto aislado hajo vacio a 105° C + 5° C durants entre 2 hy 9 h

para dar 2.19 kg (88.5% de rendimiento) de (25,2R)-N- (2-((3-piridinil)metil)-1-

225° C. "H RMN (500 MHz, D:0) & 8.29 (s, 1H), 7.78 (m, J = 5.1, 1H), 7.63 (d, J =

7.9, 1H), 7.54 (d, J = 7.8, 1H), 7.49 (d, J = &.1, 2H), V.37 (m, J = 8.3, 1H), 7.3 (m,

20 =8.3,6.9, 1.0, 1H), 718 m, J=7.8, 6.9, 1.0, 1H), 714 (d, J = 8.1, 2H), 7.09 (s,
1H), .99 (dd, J = 7.9, 5.1, 1H), 4.05 (m, J = 7.7, TH), 3.74 (m, 1H), 2.47 (m, 2H),

3.28 (m, 1H), 3.22 (m, 1H), 3.15 (dd, J = 13.2, 4.7, 1H), 3.02 (dd, J = 13.2, 11.5,

1H), 2.18 (s, 3H), 2.02 (m, 2H), 1.93 (m, 2H), 1.79 (m, 1 H). *C RMN (1256 MHz,
D.0) & 157.2, 154.1, 150.1, 148.2, 146.4, 145.2, 138.0, 137.0, 130.9, 128.2 (2),

25 126.9, 126.8, 125.5 (2), 123.7, 123.3, 122.7, 111.7, 100.7, 51.2, §0.2, 48.0, 40.9,

u’u’ 1 2() 0 1.5, 2(’.8, 17.0
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Se convierten las muestras de este material en la base libre del Compuesto C
(para uso en estudios de seleccidn de sal) mediante tratamiento con hidréxido de
sodio acuoso y extraccion con cloroformo. A lo largo de la evaporacién del
cloroformo queda un polvo blancuzco, pf 167-170° C, con las siguientes
caracteristicas espectrales: Electrorociado de ion positivo MS [M+H]" i6n m/z =
362. '"H RMN (500 MHz, DMSO-dg) & 8.52 (d, J = 7.6 Hz, 1H), 843 (d, J = 1.7 Hz,
1H), .28 (dd, J = 1.8, 4.7 Hz, 1H), 7.77 (d, J = 7.7 Hz, 1H), 7.66 (d, J = 8.5 Hz,
1H), 7.62 (dt, J = 1.7, 7.7 Hz, 1H), 7.52 (s, 1H), 7458 (m, J = 8.6, 7.6 Hz, 1H), 7.33
(m,J =77, 7.5Hz 1H), 7.21 (dd, J = 4.7, 7.7 Hz, 'I Hj, 3.71 (m, d = 7.6 Hz, 1H),
311 (m, 1H), 5.02 (m, 1H), 2.80 (m, 2H), 2.69 (m, 2H), 2.55 (m, 1H), 1.60 (m, 1H),

1.77 (m, 1H), 1.62 (m, 1H), 1.58 (m, 1H), 1.23 {m, 1H). *C RMN (126 MHz,

-.'7)

DMSO-dg) & 188.1, 184.1, 1501, 149.1, 143.8, 1236.4, 1354, 1271, 126.7, 123.

122.9, 1225, 111.3, 109.2, 61.9, 52.4, 40.9, 40.2, 35.0, 28.1, 26.1, 19.6.

Se somete la sal de monoclorhidrato del Compueste C (ver Ejemplo 5) para
analisis cristalografico por rayos X. La estructura de cristal resultante establece la

configuracion absoluta 2S,3R del Compuesto C.

Ejemplo 5: Sintesis de sal de clorhidrato de (28,3R)-N-(2-((3-piridiniI)metiI)-1-

azabiciclo[2.2.2]oct-3-il)benzofuran-2-carboxamida.

Se prepara una solucion de acido clorhidrico/THF mediant= la adicion de
acido clorhidrico concentrado (1.93 mL de 12M, 23.2 mmol) en forma de gota a 8.5
mL de THF congelado. Se calienta la solucién a temperatura ambiente. Se agrega
a un matraz de fondo redondo  (2S,3R)-N-(2-((3-piridiniymetil)-1-
azabiciclo[2.2.2]oct-Z-il)benzofuran-2-carhoxamida (2.49 ¢, 23.5 mmal) y acetona

(85 mL). Se agita la mezcla y se calienta a 45-50° C hasta que se obtiene una
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solucién completa. Se agrega la solucién de acido clorhidrico/THF preparada
anteriormente &n forma de gota durante un periodo de 5 min, con THF adicional
(1.5 mL) 'utilizado en la transferencia. Se llegan a formar los sélidos hlancos,
granulares durante la adicién de la solucion acida. Se enfria la mezcla a
temperatura ambients, y se agita durante la noché (16 h). Se recolectan los
sélidos mediante filtracion por succién, se lava la torta de filtro con acetona (10
mL), y se seca al aire el sdlido con succién durante 30 min. Se seca
adicionalments ¢l sélido en un horno a vacio a 75° C durante 2 h para dar 8.79 g
de los cristales finos blancos (94%; de rendimiento), pf 255-2532° C. El analisis LC
quiral da una pureza de 98.8% (270 nm). EI 'H-RMN (DMSOds) no muestra
disolventas residuales y confirma la mono estequiometria. 'H RMN (200 MHz,
DMSO-dg) @ 10.7 (amplio s, 1 H - amonio cuaternario), 8.80 (amplio s, 1 H - amida
H), 8.54 (s, 1H), &.23 (d, 1H), 7.73 (d, 1H), 7.74 (d, 1H), 7.60 (d, 1H), 7.47 (m, 2H),
7.33 (m, 1H), 7.19 (m, 1H), 4.19 (m, 1H), 4.08 (m, 1H), 3.05- 2.55 (m, 3H), 2.00-
2.10 (m, 3H), 1.90 (m, 1H), 1.70 (m, 1 H). Un analisis cristalografico por rayos X de

esta sal establece la asignacién estereoquimica y la estequiometria.
Ejemplos Bioldgicos

Los Compuestos A, B, y C son ligandos 7-selectivos. Por gjemplo, los
compuestos A, B y C son agonistas con valores Ki = 1-2 nM en estudios de
reemplazo utilizando *H-MLA en tejidos de .hipocampo d= rata. Estos compuestos
exhiben muy pobre afinidad a otros receptores nicotinicos, a sakber > 1000 nM, que
incluyen ad42. En los sstudios funcionales, los Compuestos A, B y C exhiben
valores Enz: > 50% en un ensayo funcional electrofisiolégico en oocitos de

Xenopus lasvis que expresan transitoriamente receptor o7 nicotinico humano. Los

0>

PCT/US2008/071893



106

WO 2009/018511 R0 PCT/US2008/071853

IC&0 para &l Compuesto A son >10 micromolar en mas de 680 objetivos &n una

deteccion de perfil receptor.
~ Efectos fisiologicos del Agonista nAChR alfa7 Selectivo

Ganancia ce Feso Comoral y Captacion de Alimento. Varias proteinas
fosfatasas de tirosina (PTPases) tal como PTP1 B, LAR, SHP-2 y PTEN se han
implicado en el desarrollo de resistencia a la insulina. Se mide en los presentes
estudios la masa corporal y ganancia de peso n ratones magros (db+) y obasos

10 (db-) que son de tipo natural (PTP1 B+) o modificades genéticaments (PTP1 B-)
para el gen de proteina fosfatasa 1 B, siguiendo el tratamiento con un agonista

NAChR «7, Compuesto A, B, o C.

Se encuentra al final de siete semanas de tratamiento que se reduce la

15 ganancia de peso en los ratones db- de diez semanas de edad tratados con
agonista alfa7. No se afectan los ratones magros db+ mediante &l tratamiento, lo

que confirma que =1 compuasto no produce efectos toxicos que limiten la
absorcion del alimento. La ganancia de peso en los grupos obesos de control (cb-)

es significativamente inferior (p< 0.01) que aquella de los controles en los ratones

20  PTP1 B tipe natural y PTP1 B modificados genéticamente. En adiciéin, la captacion
diaria de alimento es significativamente inferior (p< 0.01) 2n los ratones tratados

que en los controles, <n los ratones PTP1B tipo natural y madificados
genéticamente. Cuando =I antagoenista alfa7, MLA, se da concurrentemente, los
ratonas obesos no muestran diferencias significativamente significativas en la

25 ganancia de peso corporal o captacion de alimento. Como tal, el complemento
dietético con el compuesto del tratamiento disminuye efectivamente la captacion

de alimento y ganancia de peso en los ratones obesos. Los nAChR a7 jusgan un
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papsl central en al regulacidon de la captacion de alimento a través de un
mecanismo esto &s no depends de PTP1 B. Adicionalmente, el AG-490 inhibe
significativamente (p< 0.01) la pérdida de peso y la reduccién de la captacion de

alimento inducida por &l agonista «7.

Metaholismo de glucosa. Similar a los resultados obtenidos para la
captacién de alimento y ganancia de peso corporal, al final de siete semanas de
tratamiento, los niveles de glucosa en &l plasma en los ratones obesos (db-)
tratados con el agonista 7 se reducen significativamente (p< 0.01) que aquellos
en los ratones PTP1B+ y PTP1 B no tratados. El antagonista nAChR «7 MLA se
da concurrentamenta con el compuesto del tratamiento y los ratones no muestran
reduccidn significativa en la glucosa en el plasma. El complemento dietético con el
agonista a7, por lo tanto, reduce efectivaments la ganancia de peso y la captacion
de alimento en los ratones ohesos y reduce los niveles incremantados de glucosa
debido a la obesidad. Este mecanismo no depende de PTP1 B, sino mas hien la
activacion JAK2. El inhibidor JAK2 previens significativamente (p< 0.01) la
disminucion inducida por el tratamiento en la glucosa del plasma. Los ratones
magros exhiben eliminacién rapida de glucosa y el bolo inyectado se depura
d=ntro de 30 minutos. La depuracion de la glucosa en los ratones magros tratados
es similar a aquella de los ratones tratados con placebo. Consistente con la
resistencia a la insulina inducida por obesidad, los ratones obesos muestran
depuracion de glucosa notablements redondeada, que remusve solo &l 50% del
holo inyectado en 30 minutos. En contraste, los ratones tratados muestran
normalizacién de depuracion de glucosa a pesar de la obesidad (90% del bolo
iny=ctado en 30 minutes. Asi, se mejora la resistencia a la insulina mediante 2l
agonista alfa7 ya que en la presencia de antagonista o7 MLA tse abroga la

sensibilidad de la insulina incrementada.
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Glucosilacion de Hemoglobina. LA carga glucémica total refleja los niveles
de glucosa en ayuno y postprandiales en la sangre. Un indice promedio de tiempo
de la carga glucémica es la acumulacién de productos finales de glucacion
avanzada (AGE), que se pueden estimar a partir de la glucosilacion de
hemoglobina, HbA1C. Todos los ratones PTP1 B+ y PTP1B- magros tratados y no
tratados muestran niveles de HhA1C mas bajos del 5%, consistente con el control
glucémico normal. En contraste, los ratones obesos muestran niveles HbA1C
marcadamente elevados, consistente con la intolzrancia a la glucosa observada
en ayuno de hiperglicemia, que as significativamente disminuida (p< 0.01) por el
agonista a7. En los ratones modificados genéticamente PTP1B, se reducen
notablemente los niveles HbA1C reducidos adicionalmente por tratamiento. El
NAChR a7 jusga un papel central en la regulacion de los niveles de glucosa en
ayuno y postprandiales en la sangre y este efecto no es dependiente de PTP1 B.
En la presencia del antagonista «7, MLA, se suprime la sensibilidad a insulina

incrementada inducida por el agonista «7.

Metabolisma de lipiclos. Los ratones magros tratados y no tratados
muestran nivelzs normales de ftriglicéridos. Sin embargo, los ratones obesos
ex'hiben niveles de triglicéridos elevados en ayuno, consistentz con la pérdida de
sensibilidad a la insulina en las células grasas. No obstante, cuando se tratan los
ratones obesos ellos exhiben niveles considerablements normales de triglicaridos,
un efecto que se bloquea por el antagonista a7 MLA, lo que sugiere una
normalizacién de resistencia a la insulina del adiposito por via de una ruta

mediada por nAChR 7.

DIV
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Niveles TNF-« en Plasma. Se incrementa la concentracion de plasma de
mediadores inflamatorios tales como TNF-a en los estados resistentes a insulina
de obesidad y diabetes Tipo 2. La reduccién de los niveles de TNFa en los ratones
diabéticos se correlaciona con la sensibilidad a la insulina incrementada y los
niveles de insulina en plasma y glucosa en sangre reducidos. Los ratones magros
tratados y no tratados no muestran cambio en los niveles de TNF-a en &l plasma,
p=o los ratones ohesos tienen niveles de TNF-c en plasma elevados en ayuno. Sin
embargo, cuando se2 ftratan los ratones obesos, ellos exhiben niveles
significativamente disminuidos de TNF-c en plasma y esto se bloquea por el the
antagonista o7 MLA, o que confirma que se involucran directamente los nAChR
a7 en el bloqueo del incremento de TNF-o inducido por la obesidad y por lo tanto

reduce la resistencia a la insulina.

Agonista a7 en Qbesidad. Madelos Animales. Las cepas parentales de los
ratones utilizados en estos estudios son los ratones db/db deficientes en el
ceptor leptina de un antecesor CA7BLS obtenido de Jackson Laboratories y
ratones nec')fitos PTP1 B de un antecesor C57BL6/Balb C mezclado de Dr. Michel
Tremblay at the Can cer Institute enm McGill University en Montreal, Canada.
Debido a que los ratones db/db obasos son estériles, se generan los ratones como
heterocigotos dobles, los heterocigotos para el receptor de leptina mutante y para
el PTP1 B eliminado. Se cruzan los heterocigotos dobles, que producen 1:4
ratones obesos y 1:4 ratones nedfitos PTP-1B. En esta configuracién de
reproducciéon 1:16 son ratones KO dobles. En la cuarta generacion, los ratones
heterocigotos para ambhos genes se reproducen en ratones nedfitos heterocigotos
para el al=lo db mutante. En esta configuraciéon de reproduccion 1:4 ratones son
obesos y 1:8 son ratones KO dobles. Por razones de moderacidn en los gastos, se

prefieren heterocigotos para tipos naturales sobre los controles. Se utilizan se
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utilizan crias heterocigotas dolbles como controlas de ratonss magros y se utilizan
crias heterocigotas para db como controles de ratones KO PTP1 B magros.
Genofipificacion de Ratén: A las 3 semanas de edad, se obtienz ADN
meadiants pinza de cola. El ADN genémico de la pinza de cola se utiliza para
detectar la presencia del receptor de leptina mutante y el casate de eliminacién de
PTP- 1 B utilizando la Reaceidn de Cadena de Polimerasa. Se determinan los
genotipos especificos al resclver los productos PCR con electroforesis de gel
agarosa. Se verifica la eliminacion de= PTP-1 B mediante andlisis Weastarn

utilizando un anticuerpo anti-PTP-1 B de Upstats Biotzchnology.

Fenolipificacidn Metahdlica: Se generan los efectos del compuesto probado
(por ejemplo, Compuesto A en 1 myg/kg/dia por via de alimentacidén forzada oral)
en indices de crecimiento y captacidon de alimento de ratones al medir €l peso
corporal y la captacion de alimento quincenalmente para edades de 3 a 10
semanas. En cohortes seleccionadas, 2l antagonista a7 MLA también se da por
via de alimentacion forzada, concurrentemente, a 3 mg/kg diario. Se administra ¢l
inhibidor de quinasa JAK2 (AG-490) intraperitonsalments (IP) a 1 mg/kg diario. Se
mide la glucosa =n ayuno una vez a la semana después de la privacidén alimento,
con un glucometro de Precision XL utilizando de hemorragia de vena cola.
También se midgn Ins nivales de HbA1C de estas muestras con el equipo A1C de
Metrika, I.n«:. Para avaluar la tolerancia a la Jlucosa, se anestesian los ratones con
2% de isoflurano y se canula la arteria cardtida izquierda y la vena yugular
después de una noche de éyuno. Se inyzcta intravencsaments (iv) un bolo de 10
mg de glucosa por via de la vena yugular y se mide la glucosa en al sangre cada 5
minutos durante 40 minutos en una gota de sangre de la via carétida. Para las

mediciones d= los analitos del plasma sanguin2o, se anestesia un grupo separado

JO%
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de ratones en ayunas con isoflurano en una camara de induccién rapida y se
decapitan velozments. Se recole cta la sangre en heparina y se centrifuga
rapidamente a 4° C para remover las células y para obtener el plasma, y se
congelan las muestras para analisis posteriores. Se determinan  las
concentraciones del TNF-a en plasma utilizando equipos de ensayo ELISA de
eBioscience y se determinan los niveles de triglicéridos en el plasma utilizando la
pruesha TG H tipo L (Wako Diaghostics), en un ensayo in vitro 'para la
determinacidon cuantitativa de triglicéridos en suero o plasma. Se expresan tocdos
los datos como la media y EEM. Se comparan las diferencias entre tocdos los

grupos por ANOVa de Una Via.

Estadisticas: Se expresan todos los datos como la media y EEM. Se
comparan las diferencias entre todos los cuatro genotipos mediants ANOVA de

Una Via.

Efectos de un ligando a7 selectivo en diabetes inducida por STZ.

Los efzctos de un ligando a7 selectivo en la diabetes inducida por STZ y la
influencia cde JAK2: Con el fin de inducir diabetes en los ratones se administran
cinco dosis multiples de STZ (50 mg/kg ip) o vehiculo (amortiguador de citrato)
diaraiamente durante dies dias como se sugisre para tales investigaciones. Se
pesan los ratons y se determinan los niveles de glucesa en la sangre en los
valores iniciales y cada cuatro dias después. Los ratones alcanzan hiperglicemia
estable en dos semanas. Ahora con el fin de determinar la influencia de JAK2, se
utilizan ratones KO JAK2 “floxed” condicionales proporcionados por @l Dr. Wagner.
Se cruzan estos ratones con ratones mMER-Cre de tgjide especifico no inducible de
Jackson Labs. Estos ratones mutantes mER-Cre tienen un elemento inducible que

es un cADN d= fusidon mERT2-Cre, que cadifica el dominio que une &l ligando deal
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receptor de astrégeno de murino mutado (aminoacidos 281 a 599, G525R) y que
es insensible a estrégeno pero sensible a tamoxifen. Esta estirpe de ratén
transgénico inducible facilita la objetivacién del gen y seria bensfico en la
investigacion del papel del JAK2 en el raton adulto. Se puede regular &l punto de
tiempo de la actividad Cre mediante inyecciones con tamoxifen y utilizando estos
ratones transgénicos Cre inducibles, seremos capaces de generar mutantes KO
JAK2 en una forma condicional e inducible. Se generan los ratones JAK2flox
homacigotos que llevan el mCre/mERT (es decir, mER-Cre/JAK2flox) mediante la

reproduccion de ratones homocigotos dobles que contienen JAK2flox y Cre/mERT,

x4

y s& ha evaluado la eficizncia inducida de la eliminacion mediada por Cre d=l
segmento de JAK2 flanqueado por via del ensayo Southern antes y después de
inyecciones intraperitoneales de tamoxifen. El analisis por inmunotransferencia
demuestra que después de 7 dias de inyecciones intraperitonealss de tamoxifen a
una concentracién de 20mg/kg exists una extirpacién total de la expresion JAK2
en el pancreas aunqgue no existe sfecto en la expresion de Actina. En adicién, el

analisis de crecimiento de ratén mediantz €l peso corporal (edad 1 a 16 semanas)

antes de o después de administracion de tamoxifen administracién no muestra

difersncias entre los genotipos. Adicionalmente, los ratones mER-Cre/JAK2flox
tienen apariencia, ac y comportamiento extremadamente normal. A dos grupos
separados de ratones adultos mMER-Cre/JAK2+/+ y mER-Cre-JAK2flox (edad, 7
semanas), postratamiento con tamoxifen, se les hace diahéticos como se describio
anteriormente con cinco multiples dosis bajas de STZ cada dia con o sin el
compuesto, por gjemplo &l Compuesto A (1 myg/kg/dia por via de alimentacidn
forzada oral). Tados los grupos de ratones (2s decir, mMER-Cre/JAK2+/+ y mER-

Cre-JAK2flox) alcanzan hiperglicemia estable en dos semanas.

210
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Se miden los efectos de los compuestos probados sobre la diabetes
inducida por STZ y los niveles de citoquinas por via de las siguientes rutas Por
ejemplo, s miden los niveles de glucosa en ayuno por lo menos dos veces a la
semana por via de hemorragia d= vena de cola con un glucometro de Precisién XL
mientras que se miden los niveles de HbA1C utilizando el equipo A1C de Metrika
Inc. En un segundo grupo de ratones, se anestesian los ratones en ayunas con

isoflurance en una camara de induccion rapida y se decapitan velozmente.

Se recolecta la sangre del térax en heparina y se centrifuga rapidamente a
4C para remover las células sanguineas y obtener el plasma. Se congelan las
muestras para analisis posterior. Se determina la concentracién de insulina, TNFa

& IL-6 en el plasma utilizando equipos de ensayo ELISA.

Estadisticas: Se expresan todos los datos como media y EEM. Se
comparan las diferencias entre todos los cuatro genotipos por via de ANOVA de

Una Via.

Modeles Animales y Phenotipificaciin Metahdlica: Las cepas parentales de
los ratones utilizados en estos estudios son los ratones gordos db/db deficientes
en el receptor leptina de un antecesor C57BL6 obtenido de Jackson Laboratories.
Se tratan los animales simvastatina y &l compueste de prueba, tal como el
Compuesto A a 1 mg/kg/dia por via de alimentacion forzada. Se generan los
indices de crecimiento de los ratones al medir el peso corporal dos veces
semanalmente durante 10 seménas. Se mide la captacion de alimento diaria en
jaulas metabdlicas para ratones obtenidas de Fisher. Para evaluar la tolerancia a
la glucosa, se anestesian los ratones con 2% de isoflurano y se canula la arteria

carétida izquierda y la vena yugular despuzs de una noche de ayuno. Se evalla la
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glucosa sanguinea &n ayune como las dos medicionas en el rat’'n anestesiado. Se
utiliza una segunda madida para determinar los niveles HbA1C utilizando el equipo
AICNow de Metrika Inc. Se inyecta un bolo de 10 mg glucosa &n cada ratdn y se
mide la glucosa sanguinea mediante una gota de sangre de la via cardétida cada &
minutos durante 40 minutos. Se mide la glucosa con un glucometro de Presiscidn
XL. Al final del experimento se les practica sutanasia a los ratones mediante
sobredosis de isoflurano. En un segundo grupo de ratones, se anestesian los
ratones en ayunas con isoflurance en una camara de induccion rapida y se
decapitan velozmente. Se recolecta la sangre del tdrax en heparina y se centrifuga
rapidamente para remover las células sanguineas y obtener el plasma. Se
congelan las muestras para andlisis. Se determinan el colesterol, acidos grasos
libres y triglicéridos del plasma utilizando ensayos colorimétricos de Wako
Chemical mientras que se determina la concentracion de TNFa en el plasma
utilizando equipos de ensayo ELISA de eBiosciznce. Estos datos indican que los

Compuestos A, B, y C mejoran =l estado glucémico en diabetes tipo 11

Los compuestos, se demuestra que los compueastos A, B, y C, reducen la
ganancia de peso, normalizan los niveles de glucosa, disminuye la hemaoglobina
glucada, reducen las citoquinas proinflamatorias, reducen los triglicériclos, y
normalizan la prueba de tolerancia a la glucosa resistente a la insulina con. Estos
datos indican que los ligandos a7, que incluyen los Compuestos A, B, y C, mejoran
el estado glucémico en trastornos metabdlicos tales como diabetes tipo Il y

parametros hioldgicos asociados con el sindrome metabdlico.

Los gonistas nAChR a7 selectivos pueden reducir la-ganancia de peso,

normalizar los niveles de glucosa, disminuir la hemoglobina glucada, reducir la

211
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citoqquina TNF-a proinflamatoria, reducir triglicéridos, y normalizar la sensibilidad a

la insulina en modelos transgénicos de diabetas Tipo 2.

Estos efectos no previenen que los ratones obesos carezcan de la
fosfotirosina fosfatasa PTP1 B pero se invierten completamente por el antagonista
a7 MLA. Adicionavlmente, el inhibidor especifico a quinasa JAK2 AG-490 también
inhibe la pérdida de peso inducida por <l agonista o7, disminuye la captacidn de
alimento y la normalizacién de nivéles de glucosa. Los nAChR a7 juegan un papel
central en la regulacion de los parametros biolégicos asociados con la diabates
Tipo 2 y el sindrome metabdlico. La resistencia a la insulina, diabetes, obesidad y
dislipidemia son los componentzs del sindrome metabélico, y aunque las
citoquinas proinflamatorias se han sugerido por contribuir al desarrollo de estos
trastornos, se entiende pobremente o mecanismo molecular del desarrollo de este
sindrome. EI SNC modula el sistema inmune a través del sistema
reticuloendotelial. Esta modulacion del SNC es mediada a traves del nervio vago,
utilizando la acetilcolina neurotransmisera vagal que actiia sohre 1os nAChR a7 en
macréfagos. Los efectos neuroprotectores provocados por los ligandos a7-
selectivos se puede frazar a la activacidon nAChR a7 y la transduccion de sefales
a PI-3-K (fosfatidilinositol 3- quinasa) y AKT (proteina quinasa B) a través de la
proteina tirosina quinasa Janus quinasa 2 (JAK2), tedas las cuales componen una
ruta de supervivencia celular clave. Los resultados los experimentos de
coinmunoprecipitacién indican que existe una interaccion directa entre el receptor
alfa7 nicotinico y JAK2. Otros estudios que examinan los efectos de la nicotina en
los macréfagos peritoneales tratados con LPS y de control han mostrado que el
tratami=nto con nicotina llieva a la fosforilacion de STAT3, un mismbro de la familia
de proteinas STAT (transductores y activadores de seial de trascripcién) y uh

componente de la cascada antiapétocica celular. Se inhibe esta fosforilacion

PCT/US2008/071893
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mediada con nicotina por los antagonistas a7-selectives, a-bungarotoxin y MLA, y
por AG-490, un inhibidor selectivo de fosforilacion JAK2. Estos datos soportan la
interacciéon de JAK2 y los nAChR «7 y revelan un papel critico jugado por el
STAT3 en la ruta antiinflamatoria colinérgica. Los presentes resultados extienden
estos hallazgos y-bosquejan la importancia de las interacciones nNAChR a7 con
JAK2 en la modulacién de los parametros bioldgicos asociados con la ganancia de
peso y la captacién de alimento. De forma interesante, la retroalimentacion
reguladora en adiposidad, mediada por el receptor de leptina en el hipotalamo,
también involucra las interacciones JAK2 receptor. En los ratones obesos que
carscen del receptor de leptina activo (es decir, ratones db/db) el nAChR o7 puade
sustituir el receptor de leptina en la activacion de JAK2, que a su vez llzva a una

captacion de alimento disminuida y ganancia de peso.

Otra ruta que aparece para intersectar con la ruta antinflamatoria
colinérgica, y una que &s directamente relevante a un componente clave del
sindrome metabdlico, involucra la proteina PTP1 B tirosina fosfatasa (PTP).
Especificamente, el PTP1 B se ha mostrado por actuar como un regulador
negativo de sefalizacion de insulina. La sobrexpresion de PTP1B perjudica las
sefales de insulina, mientras que la pérdida da PTP1 B se asocia con la
sensibilidad incrementada a la insulina. EIl PTP 1 B une a y cataliza la
desfosforilacion del receptor de insulina y muchos de los efectos de PTP1 B en
sefializacién de insulina se pueden explizar sobre la base de esta interaceion. Los
estudios han mostrado que la eliminacion de la fosfotirosina fosfatasa PTP1 B
mejora la sefalizaciéon de insulina en modelos de ratén de obesidad y los
antagonistas PTP1 B se ha utilizado farmacolégicamente para mejorar la
tolerancia a la glucosa. De forma mas importante, &l PTP1 B también se ha

reportado por desfosforilar el JAK2, o que sugiere que éxisten réplicas entre la
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ruta antiinflamatoria ligacla a nAChR a7 y la regulacion de insulina. Debido a que el
PTP1 B regula el peso corporal, la adiposidad y la accion de leptina, los NAChR a7
pueden jugar un papel critico en los numerosos aspectos de la regulacion del
sindrome metabdlico. Las respuestas farmacolégicas especificas observadas
pueden variar de acuerdo con y dependiendo del compuesto activa particular
seleccionado o si axisten portadores farmacéuticos prasentes, asi como también
el tipo de formulacion y modo de administracién empleado, y se contamplan tales
variaciones o diferencias esperadas en los resultados de acuerdo con la practica

de la presenta invencion.

Aunque las realizaciones especificas de la presente invencion se ilustran
aqui y se describen en detalle, la invencién no se limita a estas. Se proporcionan
las anteriores descripsionas detalladas como ejemplos de la presente invencién y
no se deben construir como constituyentes de cualquier limitacion de la invencion.
Las modificaciones seran obvias para aquellos expertos en la técnica, y todas
modificaciones que no se apartan del espiritu de la invencién estan destinadas a

estar incluidas con el alcance de las reivindicaciones adjuntas.
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REIVINDICACIONES

LO QUE SE REIVINDICA ES:

Un métado para tratar o prevenir trastornos metabdlicos que comprenden la

administracion de un agonista NAChR a7 selectivo.

Un método para tratar o prevenir trastornos del sistema nervioso central
inducidos por farmaco que comprenden la administracién de un agonista

nAChR 7 selectivo.

El método de las reivindicaciones 1 o 2, en donde &l agonista nAChR a7 es
el Compuesto A, Compuesto B, Compuesto C, o una sal farmaceéuticamente

aceptable de los mismos.

El método de las reivindicaciones 1 - 3, en donde el agonista nAChR o7 es

el Compuesto C o una sal farmacéuticaments aceptable del mismo.

El método de las reivindicaciones 1, 3, o 4, en donde el trastorno
metabdlico s uno o mas de diabetes mellitus tipo |, diabetes mellitus tipo 11,

sindrome metahdlico, aterosclerosis, obesidad, & hiperglicemia.

El método de la reivindicacion &, en donde la hiperglicemia es un resultado

de la terapia con estatina.

El método de la reivindicacion 2, en donde el trastorno del sistema nervioso

central indusido por farmaco s un resultado de la terapia con estatina.
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3. Un métado para tratar o prevenir un trastorno metabélico que comprende la
administracion de
No—
%
2
7 N
5
o una sal farmacauticamente aceptable del mismo.
9. El método de la reivindicacion & en donde el trastorne metabdlico es uno o
10 mas de diabetes mellitus tipo 1, diabetes mellitus tipo I, sindrome
metabélico, aterosclerosis, ohesidad, & hiperglicemia.
10.  El método de las reivindicaciones 8 o 9, en donde una dosis diaria &s de
aproximadamente 0.001 mg/kg a aproximadaments 3.0 mg/kg.
15
11.  Usce de un agonista nAChR o7 selectivo en la fabricacion de un
medicamento para tratar o prevenir trastornos metabdélicos.
12.  Uso de un agonista nAChR o7 selectivo en la fabricacion de un
20 medicamenta para tratar o prevenir trastornos del sistema nervioso central

inducidos por farmaco.
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15.
10
16.
15 17,
18.
20

El uso de las reivindicaciones 11 o 12, en donds el agonista nAChR 7 es
el Compuesto A, Compuesto B, Compuesto C, o una sal farmacéuticameanta

aceptable de los mismos.

El uso de las reivindicaciones 11 - 13, en donde el agonista nNAChR «7 es ¢l

Compuesto C o una sal farmacéuticaments aceptable del mismo.
El uso de las reivindicaciones 11, 13, o 14, en donde el trastorno metabdlico
es uno o mas de diabetas mellitus tipo |1, diabetes mellitus tipo I, sindrome

metabdlico, aterosclerosis, ohesidad, & hiperglicemia.

El uso de la reivindicacidon 15, en donde la hiperglicemia es un resultado de

la terapia con estatina.

El uso de la reivindicacion 12, en donde el trastorno del sistema nervioso

central inducido por farmaco 2s un resultadoe de la terapia con estatina.

Uso del Compuesto C:

o una sal farmacéuticaments aceptable del mismo en la fabricacion de un

“medicamento para tratar o prevenir un trastorno metabélico.

AR
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19.

20.

21.

22.

24.

N
o

=
19, ]

El uso de la reivindicacion 18 en donde el trastorno metabdlico es uno o
mas de diabetes mellitus tipo |, diabetes mellitus tipo |I, sindrome

metabdlico, aterosclerosis, ohesidad, e hiperglicemia.

El uso de las reivindicacion=s 18 o 19, en donde una dosis diaria es de
aproximadamente 0.001 mg/kg a aproximadamente 3.0 mg/kg.
7

Un compuesto agonista nAChR «7 selectivo para uso en el tratamiento o

prevencion de trastornos metabdlicos.

Un compuesto agonista NAChR a7 selectivo para uso en el tratamiento o

prevencion de trastornos del sistema nerviso central inducidos por farmaco.

El compuesto de las reivindicaciones 21 o0 22, en donde el agonista nAChR
a7 es el Compuesto A, Compuesto B, Compuesto C, o una sal

farmacéuticamente aceptable de los mismos.

El compuesto de las reivindicaciones 21 - 23, en donde el agonista nAChR

a7 es el Compuesto C o una sal farmacéuticaments aceptable del mismo.

El compuesto de las reivindicaciones 21, 23, o 24, en donde &l trastorno
metabaélico es uno 0 mas de diabetes mellitus tipo |, diabetes mellitus tipo I,

sindrome metabdlico, aterosclerosis, obesidad, & hiparglicemia.

2A. El compuesto de la reivindicacion 25, en donde la hiperglicemia es un

resultado de la terapia con estatina.

PCT/IS2008/071893
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27. El compuesto de la reivindicacidn 22, en donde el trastorno del sistama

nervioso central inducido por farmaco es un resultado de la terapia con

estatina.
5
28.  Un compuesto agonista nAChR o7 selectivo
Nn“
P
/ N
10 o una sal farmacéuticamente aceptable del mismo para uso en el
tratamiento o prevencion de un trastorno metabdlico.
29.  El compuesto de la reivindicacidn 28 en donde el trastorno mstahdélico es
uno o mas de diabetes mellitus tipo |, diabetes mellitus tipo Il, sindrome
15. metabdlico, aterosclerosis, obesidad, e hiperglicemia.

30. El compuesto de las reivindicacionas 25 o 29, en donde una dosis diaria 2s

de aproximadamente 0.001 mg/kg a aproximadamente 3.0 mg/kg.

20
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FIG. 26B

Incremento de Antidepresores Hipocampicos
proliferacion de Células Progenitoras en ratones
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FIG. 28
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Ratones c57bl/6 tratados con LPS
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FIG. 40
—i— Tratado con placebo magro (n=4)
—0— Tratado con placebo graso (n=4)

—&— Tratado con Cpm C magro (n=4)
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(54) Titulo: ~ TRATAMIENTO CON LIGANDOS a7-SELECTIVOS

Reivindicacion{es):

1. Un métods  para  tratar o prevanir  frastomos
metabdlicos que compranden la administracion de un agonista
nACHR a7 selectiva.

2 n mélodo para tratar o prevenir rastornos del sisterma
nervinzd central inducidos por farmaca gquea comprenden la
adrminiztracion de un agonista nAChF 7 selactive,

3. El mé&todo de las reivindicaciones 1 o 2, en donde &l
agonizta nACHR o7 3 el Compuesto A, Compuesto B,
Compuesto C, 0 una zal farmacéuticaments aceplable de los
Misrios.

4, Bl mdtado de 1ag reivindicacionas 1 - 3, an donds el
agonista nACHhF a7 ez e Compussto © o una zal
farmaceuticaments aceplable del misma.

5. El método de las reivindicaciones 1, 3, o 4, en donde el
traslomo metabolica ez uno o mas de diabetes mallituz tipo |,
diabates malliug tipo 1, sindrome metabdlico, atarosclarnziz,
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6. El mélodo de la reivindicacion &, en donde la
hiperglicamia &z un rezultado ds la terapia con estatina.

7. El métode de la reivindicacion 2, an donde &l frastorno
del sisterna nervioso central inducido por farmaco s un

resultado de la terapia can sstating.

a. Un método para fratar o prevanir un  trastono
metabolico que comprende 1a administracion de

a HNC— )\

4

o una sal farmacéuticarente aceptable del mismao.

9. El miétodo de la raivindicacion § en donde el trastorno
metabdlico &3 una o mas de diabetes mellitus tipo 1, diabetes
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apravimadamenta 3.0 mg/kg.

11, Uso de un agonista nAChR a7 selsctivo en la
iakbricacion de un medicamento  para fratar o pravanir
raztornas metabdlicos. '
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—%—1 mgkg[Cmp_A Javab (Grasa)m=10)
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SUFERINTENDENCIA DE INDUSTRIA Y COMERCIO

NIT ¢

RECTBO OFICIAL DE CAJA ¢ 100

14,427

800176089-2

SUPERINTENDENC!A DL INDUSTRIA Y COMERCIO

FECHA FERRERD 22 DE 2010 l (] N R
L T LHER TR T
No. 10-024587- -00000-0000
?echﬁ 2%1\ 01?5(7% 16:51:07  Dep. 2020 DIR.NUEVASCR
a, INTEIYII tve: 378 FASE
Act. 411 PRESENTACION vE’olios,271 ENACIONAL
gikix CONSIGMNACTION fxpix
DEPGSITANTE TIFOG PAGD BAKCD CUENTA No. PAGD FECHA FGD Vr. PABD
CAVELIER ABOGADDS ‘CONSIGN(\CIDN BANCO DE BOGOTA 062754387 173502334 22/02/2010 37,025,000.00
sifyy C 0 N C E P T 0 ivixg
CANT. RENTISTICO CONCEFTO TGTAL CONCEPTOD
{ 50005-01-01 SOLICITUDES 1 TRANITES DE SOL. DE PATENTE DE IN 334, 000,00
TOTAL $ 354,000.00

50N:  QUINIENTOS CINCUENTA Y CUATRO KIL PESOS

RESFONSABLE %lr;

\&

RECIBO DE CAJA APLICADD AL EXPEDIENTE No.




SUPERINTEMDENCIA DE INDUSTRIA Y COMERCIO

NIT : B00176089-2 (
RECIED OFICIAL DE CAJA : 10O -~ 2,670
FECHA . FEERERD 8 DE 2010 QUPEPIN'IAEND[.N(‘L- DE INDUSTRIA Y PnMEPClO
87- -00000-000
Fecha: 201’) Oo ().2 16.51.07 Dap. 2020 DIP NUEVASCR
Tra. 11 PATENTEIYH Eve: 378 FASENACIONAL!

Act. 411 PRESENTACION Folios: 271

Exgkk CONGSIGBWACTON ¥k

DEPOSITANTE TIPO PAGD BANCO CUENTA No. PAGD FECHR PGO Vr. PAGO

CAVELIER ABOGADGS CONGIBNACION  BANCO DE ROROTA 042754287 173329605 02/02/2010 37,063,000,00

g C D N C EF T O #3thy

CANT. RENTISTICO CONCEPTO TOTAL CONCEPTOD

1 30003-01-09 OTRDS SERVICIOE DE FROFIEDAD I 1 TASA ANUAL ARDS 9 3 12 CUATRENIOD A37,000,00
HARRERRRRELY

TOTAL @ $ 437,000,00

SON:  CUATROCIENTOS TREINTA Y SIETE HIL FESOS

RESPONSABLE |/

RECIBO DE CAJA APLICADD AL EXPEDIENTE No.

COWD @ 1544 — B4 -0 - F



r

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

NIT @ 200176089-2

SUPLRINTENDENCIA BE INDUS IRIA Y COMERCIO

RECIRO OFICIAL DE CAJA : 103 — 14,322
” e 2 1 WGHERRIRGRARRRRRRIRELTRe

FECHA : FEBRERD 22 BE Z010
0-024587- -00000-60

Fecha: 2010 03 02 16:51:.07  Dep. 2020 DIR.NUEVASCR
Tra. 11 PATENTELYI Eve 378 FASENACIONALI
Act. 411 PRESENTACION Fotios: 271

tiggy CONSIGNACTION xxixd

CAVELIER ABOGADDS CONSIGNACION  BANCO DE ROGDTA 042734387 173532534 22/02/2010 37,025,000.00

CANT. RENTISTICO CONCEFTO TOTAL CONCEPTO
1 50005-01-08 PRORROGA DE TERMINDS 131 N,.CREACION PRORROGA DE TERMINOS O 83,000.00
TOTAL : $ 83,000.00

SON: (OCHENTA Y TRES MIL PESGS

RESPONSABLE

RECIBO DE CAJA APLICADD AL EXPEDIENTE No.

COW - (rsd4d- a4l ~oo24 -9



SUPERINTENDENCIA DEINDUSTRIA Y COMERCIO

i lllllllllL{l!l!lllllslélllllllllllilllil

Industria v';;!(;”om rcio Fecha: 261 024587 -00000-0000
Induastria TIe e recha: 2010-03-02 18:51:07 N . o
SUPERINTENUDESNCI & Fra 11 PATENTE V] nen. 2020 DIR NUEVASCR:

: L ) kve: 378 FA >
Act. 411 PRESENTACION Folios: 27'ISEr\JA(JIOI\JALI

PATENTE DE INVENCION | | MODELO DE UTILIDAD [ ] Art 33 Decisién 486/00

Indicaciin que se solicita una patente.

Datos de identificacidn del solicitante o de la persona que presanta la solicitud
Descripcidn de la invencidn

{ .

Comprobante de pago de las tasas establecidaz (De ser &l casa formato de descuento)

Complata Incompleta D

OO

D

PATENTE DE INVENCION PCT MODELO DE UTILIDAD PCT D Art.33 Decision 486/00, Circular Unica
/

E Indicacian que se aolicita una PCT

E- Copia de la zolicitud en ezpaniol, tal como fue presentada inicialments (capitule deacriptiva,
reivindicatario, resumen)
Dibujos de ser estos pertinentes

Comprobante de pago de laz tazas establecidas (de ser 2l cazo fonmato de deacuenta)
Completa Inzompleta D

DISENO INDUSTRIAL [ ] (Art. 119 Decisién 486/00)

|_, Indicacidn que se solicitz Disefio industrial
[_—_l Datoz de identificacidn del zolizitants o de la persona que presenta |z solicitud

FPeprezentacidn grafica y folografica del Dizefo industrial o ruestra del materal que incorpors el
D disefio

D Comprobants de pago de las tasas establzcidas

Complata [:_I Incornpleta D

ESQUEMA DE TRAZADO [ | (Art. 92 Decision 486/00)

Indicaciin que s& salicita un esquema de trazado
Datos de identificacidn del solicitantz o de la persona que presenta la zolicitud

Reprezentacidén grafica de un esquema de trazado

HERRERN

Comprobants ds pago de 123 tasas establacidas

Completa l:l Incompleta D '

PIN2-FOR 1200Q-11-1R)
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l’leN TE N&RIO 33,

Bogota,
2020

o}

octor (a
FEZ D

REFERENCIA Radicacidin No 1
Solicitud internacional P
Fecha inicic fase nacional

Tramite
Evento
Actua

Oficio

[ A =

cid

N

(] o

W Pm
o ™

Industria y Comercio
SUPERINTEMDEMNCLIA

0A8/071853

Come  wvesultado del examen de forma, realizads con fundanents en 21l avticulo 22 de
la Deoigidn 186 de la Comdisién dz la Comunidad zZndins, articulo 27 dAesl Tracads de=
Cooperacidn  en Mﬂteria de Paiteniess (PCT), regla 51 bis dzl Peglaments y Civoulaw

ﬁAica dz la Superintendencia d: Industria y Comercio, se le comunica que:

1. La aolicitud no contiens =1 poder debidamence otowgado pﬁ? la socisdsd MEDICAL
COLLEGE OF GEORGIA, con &l 1lleno dz los reguiszitos srigidos por Loz svticulos 63 v
gubziguientes Jdel C3dige de Procedimisnto Civil., Adicicnalmentes, dsheré presentay
el documsnts qque acrasdita  la  existencia  y esentacidn legal dz la sociedad
solicitante.

2. El salicitants desbe preseantar un masve titulo dque permita identificar ls materia
de  la cual traca la solicigud, ya que 2l titulo velacionads no s& enousntra con la
preacisifén necesaria para identificsr clavamsnte ¢l objeio de la solicitud de
patence. (Regla 4.2 BOT, Avi 26-27 D-48¢8, Circulayr Ondcs 5.2.9)

En cumplimiznts de 1o dispueste por =1 avticulo 29 de la Decisién 426, ss le
reguizye  pava  gue dentye del  tErmine de dog wmeses siguientes a la fecha de
notificacidn del pressnte oficic, complete los regquisitos anteriowmente enunciadss.
En caso d: no dary  cumplimiento al presente [ lz  solicitud se
congidzravd shandonads y perderd su prelacidin.

2ada

fecha
adpall

nimero Sads Centr
rdzulo Szde

spusesto en €l nuneral §.2, literal
Civoulsy Unica Wo.10 de 2001,

Dy

CAN.

Call

Web:

211

~

2, 5, 7Ty 1l0

1

PEM: 5370000
5880070

27-00 pisos
» 50 No. 26 55 in:z.2. TS
6513240. Linea 01800-%10165
www.sic.gov.co e-mail: info@sic.gov.co

Bogoté D.C. Colombia '

1
2



