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FORMULARIO UNICO DE SOLICITUD DE PATENTE
ENTRADA EN ASE NACIONAL
Q) SOLICITUD DE : |
Patente de Invencion [ ] Patente de Modelo de Utilidad
Capitulo . [ ] capituloll i
Nombre: WYETH ‘
SOLICITANTE IDENTIFICACION
(71) Direccién: Five Giralda Farms, Madison, New Jersey 07940, Estados ‘
oI Unidos de América
co. [ wr [
!
o Nacionalidad o Domicilio:  Nueva Jersey, Estados Unidos de América ‘
— . « .
Lugar de Constitucién: Delaware, Estados Unidos de América C.E. I:l ' Otro D
Teléfono: Fax: ; Cual
E-Mail Numero
T’) Nombre:  ALVARO CORREA ORDONEZ IDENTIFICACION
REPRESENTANTE | Direccion: Avenida 82 No.10-62 Piso 6 cC. nto [
O APODERADO :
CE. ':I Otro |__—|
Teléfono: 634 1500 Fax: 376 2211 Cual
Ml 79.143.366 (e
E-Mail: office.bogota@bakemet.com Nomero  Usaquén TP 20281
@ Nombre: ZHOU,Dahui; STACK, Gary Paul; GROSS, Jonathan Laird y GAO, Hong i
INVENTOR (ES) Direccion: 27 Christian Drive, East Brunswick, NJ 08816, Estados Unidos de América; 525 Brookfield Lane, Ambler, PA
\ 19002, Estados Unidos de América; 25 Washington Drive, Crabury, NJ 08512, Estados Unidos de América y
C I~ 24 Reid Avenue, Belle Mead, NJ 08502 , Estados Unidos de América, respectivamente
. (72) :
B ) Nacionalidad o Domicilio:  Estadounidense, Estadounidense, Estadounidense y Chino, respectivamente
(o) PcT (85) D
Solicitud Internacional No. PCT/US2006/015201 Fecha 21-ABR-06
Publicacién Intemacional No. ' W0/2006/116158 Fecha 02-NOV-06
@ Titulo (54) DERIVADOS DE BENZODIOXANO Y BEZODIOXOLANO Y SUS USOS
@ Clasificacién Internacional (51) 4C(())97/134319/20, A61K 31/357, A61K 31/36, A61K 31/381, A61P 25/18, CO7D 317/46, CO7D
(®) Prioridad (33) Pals de Origen (32) Fecha : (31) Numero de Solicitud
us 22-ABR-05 60/673,884
SI| X NO
——
_@ Comprobante de pago No.  07-86107 Fecha 19-OCT-07
Instrucciones para el diligenciamiento de! presente formulario, ver reverso de esta pagina
\_ J




(" ANEXOS

Comprobante de pago de la tasa de presentacion de la solicitud
Documento que acredita la existencia y representacion legal cuando el solicitante sea persona juridica

Poderes, si fuere el caso

Documento de cesion del inventor al solicitante o a su causante

D Declaraciones

Copia de la solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos)

Traduccion de la solicitud intemacional al castellano. (Resumen, descripcion, reivindicaciones, dibujos)

D Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen preliminar (IPEA)
D Traduccién del examen preliminar internacional efectuado por la IPEA

D De ser el caso, copia del contrato de acceso

D De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos tradicionales de las comunidades
indigenas
De ser el caso, certificado de depdsito del material biolégico

D Arte final 12 x 12

D De ser el caso, informacion sobre ofras solicitudes de patente o titulos obtenidos en el extranjero por el mismo titular o su
causante, relacionadas parcial o totalmente con la invencién de esta solicitud
De ser el caso, modificaciones efectuadas a la solicitud internacional.

/-\

e

Extractos, Reporte de Busqueda Internacional y Opinién Escrita y notificacién de presentacién de documento de

X JOtros:  ioridad.

(1) FIGURA CARATERISTICA

@ Solicito 1a concesidn de la patente,
NOMBRE: _ ALVARQ CORREA ORDONEZ

— 7
T.P\20.281

FIRMA:
/ CC.  79.143.368 de Usaquén

Instrucciones para la presentacion de los a(exos, ver reverso de esta pagina
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SEALERI A
TRADUCCION OFICIAL N° 061107 al espafiol de un documento escrito en inglés, efectuada por i
Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espaiiol-inglés segun Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Reptiblica de Colombia

PODER OTORGADO POR WYETH
(Solicitud de Patente — PCT/US2006/015201
“DERIVADOS DE BENZODIOXANO Y BENZODIOXOLANO Y SUS USOS”)

APOSTILLA

1. PAIS: ESTADOS UNIDOS DE AMERICA

2. ESTE DOCUMENTO PUBLICO HA SIDO FIRMADO POR:
MICHELLE L MC GOWAN

3. QUIEN ACTUA EN CALIDAD DE NOTARIO PUBLICO DE NUEVA
JERSEY

4. LLEVA EL SELLO DE MICHELLE L MC GOWAN, NOTARIO

CERTIFICADO : W

5. ENTRENTON, NUEVA JERSEY /uﬂ”‘” s QADAVITO &

€ N eET A GELZIAL
« £ AN

6.  EL 04 de JUNIO DE 2007 e e PR

N -d

. Ty
PAIEET c B LN

7. PO: Bradley Abelow, TESORERO DE NUEVA JERSEY
8. N° A293448
9. SELLO (APARECE ADHERIDO SELLO DORADO)

10. FIRMA (FIRMADO) Bradley Abelow

[No se traduce el texto del poder por estar en inglés y en espaiiol]

[Firmado el 30 de mayo de 2007 por William H. Calnan, Subsecretario]

[No se traduce la Certificacion Notarial por estar en inglés y en espaiiol]

(Firmado) Michelle L. McGowan, Notario Publico



5'—\
\ ﬂﬂﬂnﬁ

! TRADUCCION OFICIAL N° 061107 al espaiiol de un documento escrito en inglés, efectuada por
v Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
g inglés-espanol-inglés segan Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
/ de Justicia de la Republica de Colombia

(Sello en tinta que dice: “Michelle L. McGowan, Notario Publico, Estado de
Nueva Jersey. No. 2108903. Calificado en el Condado de Morris. Comisién
vence el 09 de febrero de 2011”)

[Sello notarial realzado que dice: “Michelle L. McGowan, Notario Publico, Nueva

Jersey’]

La anterior es traduccion fiel y completa de la cual se deja copia en esta oficina

para su confrontacion.

- faw

Jaime Armando Garavito Burgos
c.c. N° 19.130.702 de Bogota

Traductor e Intérprete Oficial segin Resolucion N° 034 de enero 11 de 1983
expedida por el Ministerio de Justicia

BOGDMS # 94129
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f@zi; (CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

I
BlalBIal

2. THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
MICHELLE L MC GOWAN

)

1l

3. ACTING IN THE CAPACITY OF:
NOTARY PUBLIC OF NEW JERSEY

4l

4. BEARS THE SEAL/STAMP OF:
MICHELLE L MC GOWAN, NOTARY

DRI
UL

CERTIFIED

5. AT TRENTON, NEW JERSEY

JEe

1 6. THE 4TH DAY OF JUNE 2007

i

7. BY: Bradley Abelow, NEW JERSEY TREASURER

0

bl

il

9. SEAL/STAMP: 10. SIGNATURE

(e
—
—
r 8. NO. A293448
=
—
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BAKER & MCKENZIE

POWER OF ATTORNEY
The undersigned.
WYETH

with offices at

Five Giralda Farms, Madison, NJ 07940,
United States of America

declares that it hereby grants to

ALVARO CORREA-ORDONEZ and/or

OLGA GEORGETTE OTERO and/or

RICARDO METKE and/or

JUAN PABLO CONCHA
_ all members of the law firm Raisbeck, Lara, Rodriguez & Rueda,
with domicile at Av. 82 No. 10 — 62, 6Th floor, of Bogota D. C.,
Colombia, and for so long as they remain members of the law
firm, a full and sufficient power of attorney with respect to
Colombian patent application(s) based on PCT/US2006/015201
and entitled “BENZODIOXANE AND BENZODIOXOIL.ANE
DERIVATIVES AND USES THEREOF” and to obtain patent
protection thereof, for which purpose I (we) authorize the said
attorneys to represent me (us) before any authorities or persons,
with or without jurisdiction, specially those administrative,
administrative contentious and judicial, as well as before
Arbitration Court, in all matters conceming the following: a)
Obtainment of a patent(s) based upon said patent application(s),
including filing of assignments, change of name or address,
voluntary cancellation; and defending oppositions, cancellations,
nullity, writ mandamus, and in general the civil, penal, an
administrative processes relating to those rights.

»

I hereby ratify all lawful actions previously taken on behalf of this
company by the aforementioned attorneys with respect to the
mentioned matters.

Done and subscribed in

Onthe HNot day of %7 of 2007

Signature of the person issuing the Power

%///%R

Williath H. Calnan ™
Assistant Secretary

Z

AM102016 Colombia

Ralsbeck, Lara, Rodriguez & Rueda
Av. 82 No. 10 - 62 6th Floor
Bogota, Colombia

NIT: 860.068.840-3
Tel: +57 1 634 1500
Fax: +57 1 376 2211
www.bakemet.com

ﬂﬂn7

PODER DE ABOGADO
La abajo firmada,
WYETH

con oficinas en

Five Giralda Farms, Madison, NJ 07940,
Estados Unidos de América

declara por el presente que otorga a

ALVARO CORREA-ORDONEZ y/o

OLGA GEORGETTE OTERO y/o

RICARDO METKE y/o

JUAN PABLO CONCHA
Todos miembros de la firma de abogados Raisbeck, Lara,
Rodriguez & Rueda, con domicilio en la Av. 82 No. 10 — 62
Piso 6 en Bogoti D. C., Colombia, y hasta tanto ellos continden
siendo miembros de la firma, poder especial amplio y suficiente
con respecto a la solicitud(es) de patente en Colombia basada(s)

PCT/US2006/015201
DERIVADOS DE BENZODIOXANO Y BENZO%IOXOLANO

v_1_oUS USUS

»

y para obtener la proteccién de patente de la misma, a cuyo
efecto autorizo (amos) a los dichos apoderados para que me
(nos) representen ante cualesquiera autoridades o personas,
ejerzan o no jurisdiccién, especialmente ante las del orden
administrativo, contencioso-administrativo y judicial, asi como
los tribunales de arbitramento, en todo lo concerniente a los
siguientes asuntos: a) Obtencion de la(s) patente(s) de invencién
basada(s) en la mencionada solicitud de patente, incluyendo
presentacién de traspasos, cambio de nombre o direccion,
cancelacién voluntaria; y defensa en oposiciones, cancelaciones,
nulidades, la tutela, y en general procesos civiles, penales,
administrativos relacionados con estos derechos.

Igualmente, ratifico todo lo actuado en derecho hasta el
momento en nombre de esta compaifiia por cualquiera de los
mencionados apoderados en los casos mencionados.

Dado y firmado en

Alos dias del mes de de 2007

30 mayo

Firma de la persona que firma el Poder
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NOTARIAL CERTIFICATION

On this 3™ dayof May
2007 , the undersigned Notary

CERTIFIES
1. That William H. Calnan

set his hand on the foregoing document.

2. That the grantor is to me personally known and that he/she has
hlegal capacity to execute the instrument.

3. That the grantor has executed the foregoing document as

Assistant Secretary

of the judicial person  WYETH

4. That the judicial person  ~ WYETH
having its home office in
Five Giralda Farms, Madison, NJ 07940,
United States of America

is duly organized, has present legal existence and that the
purposes for which the power of attorney is granted are within
the scope of its corporate purposes.

5. That the grantor has in fact the referred to authority and that
~ his/her representation is legal.

6. That I have based certifications 3, 4 and 5 above on the
following authentic documents for such purpose exhibited to me
and which I mention specifically, giving their dates and their
origin or source:

Minutes of the Borrad of Directors Meeting held on

@Pr\\ 2l | 200

AR TS

Notary Public

th‘OJ_U’-/\.,

MICHH{ LE L. McGOWAN
_Notary Public, State of New Jersey
C No. 2108903

© . Qualified in Morris County
- . Com:lﬂs:sion Expires Feb. 9, 2011

Alos 30

nnnng

CERTIFICACION NOTARIAL

dias del mes de ma yo

de 2007 , el suscrito Notario

DA FE
1 Que William H, Calnan

suscribié de su pufio y letra el documento que antecede.

Que conozco al otorgante y que éste tiene capacidad legal
para el otorgamiento.

Que el otorgante ha suscrito el referido documento en su
caracter de
Subsecretario

de la persona juridica WYETH

Que la persona juridica WYETH
con sede en
Five Giralda Farms, Madison, NJ 07940,
Estados Unidos de América

estd legalmente constituida, que tiene existencia legal
actual y que el acto para el cual se otorga el poder esta
comprendido entre los que constituyen su objeto social.

Que el otorgante tiene efectivamente la representacién que
ostenta y que ésta es legitima.

Que he basado las certificaciones 3, 4 y 5 anteriores en los
siguientes documentos auténticos que al efecto se me
exhibieron y que menciono especificamente con expresién
de sus fechas y de su origen o procedencia:

Actas de 1a reunién de la Junta Directiva
celebrada el 27 de abril de 2007

El Notario Piblico
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TRADUCCION OFICIAL N° 0611071 al espafiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogotd, Traductor e Intérprete Oficial
inglés-espaiiol-inglés segan Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

DECLARACION JURAMENTADA SOBRE CESION A WYETH
DERIVADOS DE BENZODIOXANO Y BENZODIOXOLANO Y SUS USOS

APOSTILLA

1. PAIs: ESTADOS UNIDOS DE AMERICA

2.  ESTE DOCUMENTO PUBLICO HA SIDO FIRMADO POR WINIFRED A.
VENTURA

3. QUIEN ACTUA EN CALIDAD DE NOTARIO PUBLICO DE NUEVA
JERSEY

4. LLEVA EL SELLO DE WINIFRED A. VENTURA, NOTARIO

CERTIFICADO -

ot G o AviTU B
5. ENTRENTON, NUEVA JERSEY 4\”&& O
iﬂlﬂUC‘- am C lN:::ro' “l“' 2 V‘)n?\
EL DIA 18 DE MAYO DE 2007 O e T

POR: Bradley Abelow, TESORERO DE NUEVA JERSEY

© N O

N° A292131
0. SELLO (APARECE ADHERIDO SELLO DORADO)

10. FIRMA (FIRMADO) Bradley Abelow

AM102016 L1

DECLARACION JURAMENTADA

Yo, Michelle L. McGowan, Asociado de Legalizaciones de Wyeth, por medio del
presente certifico que la copia anexa ha sido comparada con la Cesién original

(para U.S.S.N. 60/673.884 y cualquier equivalente legal de la misma en un pais
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TRADUCCION OFICIAL N° 0611071 al espafiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espariol-inglés segun Resolucién N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

extranjero, para la invencién titulada: “DERIVADOS DE BENZODIOXANO Y
BENZODIOXOLANO Y SUS USOS”) de fecha julio 07, 2005 de Gary Paul Stack,
Jonathan Laird Gross, Dahui Zhou y Hong Gao a Wyeth y que la mencionada

copia es una copia auténtica del original.

Fechada hoy mayo 15 de 2007 en Madison, Nueva Jersey, Estados
Unidos de América.
Wyeth

(Firmado) Michelle L. McGowan
Asociado de Legalizaciones

PARA SER USADA EN COLOMBIA

Mo £7aF

JAVME A" GARAVITO R

RECONOCIMIENTO

Estado de Nueva Jersey ) aCHETn | NTEARITTE DRBAL
) Fes o Lua 4 fnara 3 o V5al
Condado de Morris ) AR TR0 O JUBTICIA

Hoy 15 de mayo de 2007, comparecié personalmente ante mi Michelle L.
McGowan, Asociado de Legalizaciones de Wyeth, a quien conozco como la
persona descrita en el anterior instrumento y quien suscribié el mismo vy

reconocio haberlo suscrito.

(Firmado) Winifred A. Ventura, Notario Publico
[Sello en tinta que dice: “WINIFRED A. VENTURA. Notario Publico de Nueva
Jersey. No. 2334651. Calificado en el Condado de Union. Comisién vence el 19

de septiembre de 2010]

(Sello realzado que dice: “Winifred A. Ventura. Notario Publico. Nueva Jersey")

i{o)
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TRADUCCION OFICIAL N° 0611071 al espafiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espaiiol-inglés segin Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

Cesion de Invencion

En consideracién del pago por la CESIONARIA a la CEDENTE de una
contraprestacion valida y suficiente cuyo recibo se acusa por medio del presente,

los CEDENTES:

(1) Nombre Completo del Inventor: Gary Paul Stack
Residencia: Ambler, PA
Ciudadania: Estados Unidos

(2) Nombre Completo del Inventor: Jonathan Laird Gross
Residencia: Cranbury, NJ
Ciudadania: Estados Unidos

(3) Nombre Completo del Inventor: Dahui Zhou / W

Residencia: East Brunswick, NJ Crivay {1
Ciudadania: Estados Unidos /
AreAe B GsRAMITD B

neimg DTRTAL

(4) Nombre Completo del Inventor: Hong Gao ' ] R
Residencia: Belle Mead, NJ P PP Pl
Ciudadania: Republica Popular China carne £ DT D SUUTISHA

por medio del presente venden, ceden y transfieren a la CESIONARIA:

Wyeth
Five Giralda Farms
Madison, New Jersey 07940

y los sucesores, cesionarios y representantes legales de la CESIONARIA, la

totalidad del! derecho, titulo e intereses para los Estados Unidos y sus

posesiones territoriales y en todos los paises extranjeros, incluyendo todos los

derechos a reivindicar prioridad con respecto a la invencion titulada:

DERIVADOS DE BENZODIOXANO Y BENZODIOXOLANO Y SUS USOS



TRADUCCION OFICIAL N° 0611071 al espafiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espariol-inglés segin Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

E inventada por la (los) CEDENTE(s) y los siguientes inventores adicionales, si

los hubiere:

Y la cual se encuentra en la Solicitud Provisional de los EE.UU. N° 60/673.884

presentada el 22 de abril de 2005.

[ 1 Yo/nosotros los CEDENTES que abajo firmamos, por medio del
presente autorizamos y solicitamos que se inserte arriba el nimero de la
solicitud y la fecha de presentaciéon cuando se conozcan.

[Verificar también si se esta(n) cediendo solicitud(es) extranjera(s)]

[X] vy cualquier equivalente legal de la misma en un pais extranjero,

incluyendo el derecho a invocar prioridad, incluyendo todas y cada una de las
mejoras divuigadas en la misma y en todas las patentes que se obtengan para la
mencionada invencién a través de la anterior solicitud y cualquier solicitud
provisional, no provisional, continuacion, divisional, renovacion o sustituciéon de
la misma presentada posteriormente y en cuanto a la patente, cualquier re-

expedicion o nuevo examen de la misma.

Los CEDENTES por medio del presente acuerdan que no se ha hecho ni
se hara o suscribira ninguna cesion, venta, acuerdo o gravamen que pueda estar

en conflicto con esta cesion.

Los CEDENTES autorizan a la CESIONARIA para que haga solicitudes y

para que reciban patentes para la mencionada invencion en cualquiera de los
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TRADpCCION OFICIAL l\!° 0611071 al espafiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial

inglés-gs_paﬁol-inglés segun Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

mencionados paises en su propio nombre, o en el nombre de los CEDENTES o

a su eleccion.

Los CEDENTES acuerdan suscribir u obtener cualquier seguridad
adicional necesaria del titulo a dicha invencién y cualquier patente que pueda
ser expedida para la misma y a entregar en cualquier momento y a solicitud y
expensas de la CESIONARIA cualquier testimonio en cualquier derecho
preexistente que impida el patentamiento de la invencion, litigio o procedimiento
relacionado y a suscribir todos los documentos que puedan ser necesarios o
convenientes para perfeccionar el titulo a dicho invento o cualquier patente que
pueda ser otorgada para el mismo a la CESIONARIA, sus sucesores,
CESIONARIOS u otros representantes legales y a suscribir, en cualquier
momento, a solicitud y expensas de la CESIONARIA, cualquier continuacion,
continuacion parcial, divisional, renovacion o sustitucién de ia misma y en cuanto
a patentes a re-expedir o re-examinar las mismas, o cualesquier otras solicitudes
adicionales de patentes para dicho invento o cualquier parte del mismo, todas
las cuales y cualquier patente que se expida se ceden por medio del presente a
la CESIONARIA y prestara todos los juramentos legales o declaraciones y hara
todos los actos legales requeridos para adquirirlos, sin compensacion adicional,
pero a expensas de la CESIONARIA, sus sucesores, cesionarios u otros

representantes legales.

Los CEDENTES autorizan y solicitan al Comisionado de Patentes expedir
todas y cada una de las patentes de los Estados Unidos para la mencionada

invencion, que resulte de cualquiera de las solicitudes a su CESIONARIA.
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TRADUCCION OFICIAL N° 0611071 al espafiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial

inglés-espariol-inglés segin Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

(Firmado) Julio 07, 2005
Gary Paul Stack Fecha

RECONOCIMIENTO

Estado de Nueva Jersey )
) Declaracién juramentada
Condado de Middlesex )

El dia 07 de julio de 2005, Gary Paul Stack, compareci6 personalmente
ante mi, a quien conozco como la persona descrita en el anterior instrumento y
quien suscribi6 el mismo y reconocid haberlo suscrito en forma libre y

espontanea para los fines consignados en él.

[Firmado] Barbara L. Lences, Notario Publico
[Sello en tinta que dice: “Barbara L. Lences. Notario Publico de Nueva Jersey. Mi

comision vence el 14 de diciembre de 20077]

[Firma ilegible] Julio 07, 2005
Jonathan Laird Gross Fecha

RECONOCIMIENTO

Estado de Nueva Jersey )
) Declaracion juramentada
Condado de Middlesex )

El dia 07 de julio de 2007, Jonathan Laird Gross, comparecio
personalmente ante mi, a quien conozco como la persona descrita en el anterior
instrumento y quien suscribié el mismo y reconocié haberlo suscrito en forma

libre y espontanea para los fines consignados en él.
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TRADpCCION OFICIAL N° 0611071 al espaiiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogot4, Traductor e Int&rprete Oficial
inglés-espaiiol-inglés segun Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

[Firmado] Barbara L. Lences, Notario Publico
[Sello en tinta que dice: “Barbara L. Lences. Notario Publico de Nueva Jersey. Mi

comisién vence el 14 de diciembre de 2007”]

[Firma ilegible] Julio 07, 2005
Dahui Zhou Fecha

RECONOCIMIENTO

Estado de Nueva Jersey
) Declaracion juramentada
Condado de Middlesex )
El dia 07 de julio de 2005, Dahui Zhou, comparecié personalmente ante
mi, a quien conozco como la persona descrita en el anterior instrumento y quien

suscribié el mismo y reconocié haberlo suscrito en forma libre y espontanea para

los fines consignados en él.

[Firmado] Barbara L. Lences, Notario Publico
[Sello en tinta que dice: “Barbara L. Lences. Notario Publico de Nueva Jersey. Mi

comision vence el 14 de diciembre de 20077

[Firmado] Julio 07, 2005
Hong Gao Fecha

RECONOCIMIENTO

Estado de Nueva Jersey
) Declaracion juramentada

Condado de Middlesex )

E! dia 07 de julio de 2005, Hong Gao, comparecié personalmente ante mi,

a quien conozco como la persona descrita en el anterior instrumento y quien
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TRADUCCION OFICIAL N° 0611071 al espafiol de un documento escrito en inglés, efectuada
por Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espafol-inglés segun Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio
de Justicia de la Republica de Colombia

suscribié el mismo y reconocié haberlo suscrito en forma libre y espontanea para

los fines consignados en él.

[Firmado] Barbara L. Lences, Notario Publico
[Sello en tinta que dice: “Barbara L. Lences. Notario Plblico de Nueva Jersey. Mi

comision vence el 14 de diciembre de 2007”]

La anterior es traduccion fiel y completa de la cual se deja copia en esta oficina

para su confrontacion.

Jaime Armando Garavito Burgos

c.c. N° 19.130.702 de Bogota

Traductor e Intérprete Oficial segun Resolucién N° 034 de enero 11 de 1983
expedida por el Ministerio de Justicia

BOGDMb # 94132
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APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

1. COUNTRY: UNITED STATES OF AMERICA

2. THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
WINIFRED A VENTURA

3. ACTING IN THE CAPACITY OF:
NOTARY PUBLIC OF NEW JERSEY

4. BEARS THE SEAL/STAMP OF:
WINIFRED A VENTURA, NOTARY

CERTIFIED

AT TRENTON, NEW JERSEY
THE 18TH DAY OF MAY 2007
BY: Bradley Abelow, NEW JERSEY TREASURER

NO. A292131

O 0o g o WU

SEAL/STAMP: 10. SIGNATURE
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AFFIDAVIT

I, Michelle L. McGowan, Legalization Associate, Wyeth, do hereby certify that the
attached copy has been compared with the original Assignment (for U.S.S.N. 60/673,884,
and any legal equivalent thereof in a foreign country, for the invention entitled:
“BENZODIOXANE AND BENZODIOXOLANE DERIVATIVES AND USES
THEREOF”) dated July 7, 2005 from Gary Paul Stack, Jonathan Laird Gross, Dahui
Zhou and Hong Gao to Wyeth and that the said copy is a true copy of the original.

Dated this 15™ day of May 2007, at Madison, New Jersey, United States of
America.
Wyeth

) L. ‘
ichelle L. McGowan
Legalization Associate
TO BE USED IN COLUMBIA
ACKNOWLEDGMENT

State of New Jersey )

)
County of Morris )

On this 15" day of May 2007, before me personally appeared Michelle L.
McGowan, Legalization Associate of Wyeth, to me known and known to me to be the

individual described in and who executed the foregoing instrument, and _she

acknowledged to me that she executed th% W \ -
Notary Public ,55 -E E =
WINIFREDA. VENTURA
NOTARY PUBLIC, State of New Jersey -

NO. 2334851
Qualified in County
Commission Expirss 19, 2010
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Assignment of Invention }

In consideration of the payment by ASSIGNEE to ASSIGNOR of good and valuable
consideration, the receipt of which is hereby acknowledged,
ASSIGNOR: |

(1) Full Name of Inventor: Gary Paul Stack |
Residence: Ambler, PA
Citizenship: United States

(2) Full Name of Inventor: Jonathan Laird Gross 13
Residence: Cranbury, NJ .
Citizenship: United States !

(3) Full Name of Inventor: Dahui Zhou
Residence: East Brunswick, NJ
Citizenship: United States

4) Full Name of Inventor: Hong Gao
Residence: Belle Mead, NJ
Citizenship: People’s Republic of China

hereby sells, assigns and transfers to ASSIGNEE:

Wyeth
Five Giralda Farms
Madison, NJ 07940

Page 1 of 4 Assignment of Invention
Provisional Application
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. and the successors, assigns and legal representatives of the ASSIGNEE the entire right, title
and interest for the United States and its territorial possessions and in all foreign countries,
including all rights to claim priority, in and to the invention entitled:

BENZODIOXANE AND BENZODIOXOLANE DERIVATIVES AND USES THEREOF

and invented by ASSIGNOR and the following additional inventors, if any:

and which is found in U.S. Provisional Application No. 60/673,884 filed on: April 22, 2005

[]l/we the ASSIGNOR signing below, hereby authorize and request insertion
above of the application number and filing date, when they become known,

[also check if foreign application(s) is(are) also being assigned]
X and any legal equivalent thereof in a foreign country,

including the right to claim priority, including any and all improvements disclosed therein, and
in and to all Letters Patent to be obtained for said invention by the above application or any
subsequently filed provisional, nonprovisional, continuation, divisional, renewal, or substitute
thereof, and as to Letters Patent any reissue or re-examination thereof.

ASSIGNOR hereby covenants that no assignment, sale, agreement or encumbrance
has been or will be made or entered into which would conflict with this assignment.

ASSIGNOR authorizes ASSIGNEE to make applications for and to receive Letters

patent for said invention in any of said countries in its own name, or in ASSIGNOR’s name,
at its election.

ASSIGNOR covenants and agrees to execute or procure any further necessary
assurance of the title to said invention and any Letters Patent which may issue therefore and
to, at any time, upon the request and at the expense of ASSIGNEE deliver any testimony in
any interference, litigation or proceeding related thereto and execute all papers that may be
necessary or desirable to perfect the title to said invention or any Letters Patent which may
be granted therefore in ASSIGNEE, its successors, assigns or other legal representatives,
and that to, at any time, upon the request and at the expense of ASSIGNEE execute any
continuation, contmuatlen-m-paﬂ -divisional, renewal or substitute thereof, and as to Letters
Patent and reissue or re-examination thereof, or any other additional applications of Letters
Patent for said invention or any part thereof, all of which applications and any Letters Patent
issuing thereon are hereby assigned to ASSIGNEE, and will make all rightful oaths or
declarations, and do all lawful acts requisite for procuring the same therein, without further

compensation, but at the expense of ASSIGNEE, its successors, assigns or other legal
representatives.

ASSIGNOR authorizes and requests the Commissioner of Patents to issue any and
all Letters Patent of the United States for said invention, resulting from any of the aforesaid
applications to its ASSIGNEE.

Page 2 of 4 Assignment of Invention
Provisional Application
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Gary Paul Stdck Date 4
ACKNOWLEDGMENT
State of New Jersey }

County of Middlesex

A
On the 7 day of ﬁé’ 2005, Gary Paul Stack personally appeared

before me, known by me to b&/the same person described in and who executed the
foregoing instrument, and acknowledged that he/she executed the same, of his/her own free

will and for the purposes set forth.

Notary Public
BARBARA L. LENCES
OTARY PUBLIC OF NEW JERSEY
~~~~~~~~~~~~~~~~~~~~~~~ Lommission-Expires-Des-14,-2007~~
Yot 7-200€
Jon n Laird Gross Date
ACKNOWLEDGMENT
State of New Jersey }
County of Mlddlesex
On the day of 2005, Jonathan Laird Gross personally appeared

before me known by me to b’ the same person described in and who executed the

foregoing instrument, and acknowledged that he/she executed the same, of his/her own free
will and for the purposes set forth.

/ = Notary Public
BARBARA L. LENCES
NOTARY PUBLIC OF NEW JERSEY

My Commission Expires Dec. 14, 2007

Page 3 of 4 Assignment of Invention
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Dahui Zhou Date °
ACKNOWLEDGMENT
State of New Jersey }
ss:

County of Middlesex

On the A day of ‘) /»Z’;— 2005, Dahui Zhou personally appeared before

me, known by me to be the same person described in and who executed the foregoing
instrument, and acknowledged that he/she executed the same, of his/her own free will and

for the purposes set forth.
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BARBARALFUENGES -
NOTARY PUBLIC OF NEW JERSEY
My Commission Expires Dec. 14, 2007
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Hong Gao Date
ACKNOWLEDGMENT
State of New Jersey }
ss:
ngnty of Middlesex -} ) L

2005, Hong Gao personally appeared before me,

On the 7 day of 44,%
known by me to be the same person described in and who executed the foregoing
instrument, and acknowledged that he/she executed the same, of his/her own free will and

for the purposes set forth.

3980606v1

Ak e

Notary Public

BARBARA L. LENCES
NOTARY PUBLIC OF NEW JERSEY
My Commission Expiras Dec. 14, 2007

Page 4 of 4 Assignment of Invention
Provisional Application



wO 20067116158 A1 10U A0 00 000 O T A

ﬂnﬂ?g

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

(19) World Intellectual Property Organization
International Bureau

\ {
(43) International Publication Date
2 November 2006 (02.11.2006)

A _J

/[;‘ l'\‘)‘
D)

Vars

biva,

Y00 O O

(10) International Publication Number

WO 2006/116158 A1l

(51) International Patent Classification:

C07D 319/20 (2006.01) AGIK 31/36 (2006.01)
CO7D 409/04 (2006.01) AGIK 31/381 (2006.01)
CO7D 317/46 (2006.01) AGIP 25/18 (2006.01)
A6IK 31/357 (2006.01)

(21) International Application Number:
PCT/US2006/015201

(22) International Filing Date: 21 April 2006 (21.04.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/673,884 22 April 2005 (22.04.2005) US

(71) Applicant (for all designated States except US): WYETH
[US/US]; Five Giralda Farms, Madison, NJ 07940 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ZHOU, Dahul
[US/US}; 27 Christian Drive, Bast Brunswick, NJ 08816
(US). STACK, Gary, Paul [US/US]; 525 Brookfield
Lane, Ambler, PA 19002 (US). GROSS, Jonathan, Laird
[US/US]; 25 Washington Drive, Crabury, NJ 08512 (US).
GAO, Hong [CN/US]J; 24 Reid Avenue, Belle Mead, NJ
08502 (US).

(74) Agent: ROBIDOUX, Andrea, L., C.; Choate, Hall &
Stewart, Two International Place, Boston, MA 02110 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AU, AZ,BA, BB, BG, BR,BW, BY, BZ, CA,CH, CN,
Co, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB/GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
G, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DX, EE, ES, FI,
FR,GB, GR,HU, IE, IS, IT, LT, LU, LV, MC, NL, PL,, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: BENZODIOXANE AND BENZODIOXOLANE DERIVATIVES AND USES THEREOF

Q.
TN ) R?
R — _ n g,
~
r 07 f2 TJm R

(57) Absiract: Compounds of formula (T) or pharmaceutlcally acceptable
salts thereof are provided, wherein each of R R R R y, n, m, and Ar
are as defined, and described in classes and subclasses herein, which are
agonists or partial agonists of the 2C subtype of brain serotonin receptors.
The compounds, and compositions containing the compounds, can be used
to treat a variety of central nervous system disorders such as schizophrenia.



WO 2006/116158 PCT/US2006/015201

BENZODIOXANE AND BENZODIOXOLANE DERIVATIVES AND USES
THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority to United States Provisional Patent Application
serial number 60/673,884, filed April 22, 2005, the entirety of which is hereby incorporated
herein by reference.

FIELD OF THE INVENTION
[0002]  The present invention relates to 5S-HTac receptor agonists or partial agonists,

processes for their preparation, and uses thereof.

BACKGROUND OF THE INVENTION

[0003]. Schizophrenia affects approximately 5 million people. The most prevalent
treatments for schizophrenia are currently the ‘atypical’ antipsychotics, which combine
dopamine (D,) and serotonin (5-HT,s) receptor antagonism. Despite the reported
improvements in efficacy and side-effect liability of atypical antipsychotics relative to typical
antipsychotics, these compounds do not appear to adequately treat all the symptoms of
schizophrenia and are accompanied by problematic side effects, such as weight gain (Allison,
D. B, et. al., Am. J. Psychiatry, 156: 1686-1696, 1999; Masand, P. S., Exp. Opin.
Pharmacother, I: 377-389, 2000; Whitaker, R., Spectrum Life Sciences. Decision Resources.
2:1-9, 2000).

[0004]  Atypical antipsychotics also bind with high affinity to 5-HTac receptors and
function as 5-HT,¢ receptor antagonists or inverse agonists. Weight gain is a problematic side
effect associated with atypical antipsychotics such as clozapine and olanzapine, and it has
been suggested that 5-HT,c antagonism is responsible for the increased weight gain.
Conversely, stimulation of the 5-HT,c receptor is known to result in decreased food intake
and body weight (Walsh et. al., Psychopharmacology 124: 57-73, 1996; Cowen, P. J., et. al,,
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Human Psychopharmacology 10: 385-391, 1995; Rosenzweig-Lipson, S., et. al., ASPET
abstract, 2000).

[0005]  Several lines of evidence support a role for 5-HT,c receptor agonism or partial
agonism as a treatment for schizophrenia. Studies suggest that 5-HT»¢ antagonists increase
synaptic levels of dopamine and may be effective in animal models of Parkinson’s disease
(Di Matteo, V., et. al,, Neuropharmacology 37: 265-272, 1998; Fox, S. H., et. al,
Experimental Neurology 151: 35-49, 1998). Since the positive symptoms of schizophrenia
are associated with increased levels of dopamine, compounds with actions opposite to those
of 5-HT;c antagonists, such as 5-HT¢ agonists and partial agonists, should reduce levels of
synaptic dopamine. Recent studies have demonstrated that 5-HT,c agonists decrease levels

of dopamine in the prefrontal cortex and nucleus accumbens (Millan, M. J., et. al,

" Neuropharmacology 37: 953955, 1998; Di Maiteo, V.; et. al., Neuropharmacology 38: 1195- -

1205, 1999; Di Giovanni, G., et. al., Synapse 35: 53-61, 2000), brain regions that are thought
to mediate critical antipsychotic effects of drugs like clozapine. However, 5-HT>c agonists
do not decrease dopamine levels in the striatum, the brain region most closely associated with
extrapyramidal side effects. In addition, a recent study demonstrates that 5-HT,c agonists
decrease firing in the ventral tegmental area (VTA), but not in the substantia nigra. The
differential effects of 5-HT>c agonists in the mesolimbic pathway relative to the nigrostriatal
pathway suggest that 5-HT,c agonists have limbic selectivity, and will be less likely to
produce extrapyramidal side effects associated with typical antipsychotics.

SUMMARY OF THE INVENTION
[0006]  The present invention relates to 5-HT;c receptor agonists or partial agonists and
uses thereof. In one aspect, the invention relates to novel aryl substituted 2,3-
dihydrobenzo[1,4]-dioxane and aryl substituted 2,3-dihydrobenzo[1,4]dioxolane derivatives
that act as agonists or partial agonists of the 5-HT,c receptor. The compounds can be used,
for example, to treat schizophrenia and the concomitant mood disorders and cognitive
impairments of schizophrenia and depression. In certain embodiments, compounds of the
present invention are less likely to produce the body weight increases associated with current
atypical antipsychotics. The compounds of the present invention can also be used for the
treatment of obesity and its comorbidities. Compounds of the present invention are also
useful for treating a variety of psychotic, depression and related disorders, and cognitive

disorders as described in detail herein,

Page 2 of 193
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[0007]  In certain embodiments, the present invention provides a compound of formula I;
NN, R
(R1)y-—=' n I
/ N\ 4
0", ™m R
Ar R

or a pharmaceutically acceptable salt thereof, wherein:
mis1or2;
nisOorl;
Ar is phenyl, an 8-10 membered bicyclic partially unsaturated or aryl carbocyclic ring, a 5-6
membered monocyclic heteroaryl having 1-4 heteroatoms independently selected from
B mtrogen oxygen, or sulfur, or an 8-10 membered blcychc partlally unsaturated or
heteroaryl ring havmg 1- 5 heteroatoms mdependently selected from mtrogen, 6xygén, or
sulfur, wherein Ar is optionally substituted with one or more R* groups;
each R* is independently selected from -R, -Ph, -CN, halogen, -OR, -C(O)NH,, -C(O)OR,
-NHC(O)R, -SO2R, or -NHSO;R;
y is 0-3;
each R! is independently -R, -CN, halogen, -OR, -C(O)NH;, -C(O)OR, -NHC(O)R, -SO2R,
or -NHSO,R;
each R is independently hydrogen, C,.¢ aliphatic or fluoro-substituted C,.¢ aliphatic;
R? is hydrogen, C1.3 alkyl, or -O(C,.3 alkyl); and
each of R® and R* is independently hydrogen or Cy.¢ aliphatic.
[0008] In certain other embodiments, the invention relates to methods for treating a
patient suffering from schizophrenia, schizophreniform disorder, schizoaffective disorder,
delusional disorder, substance-induced psychotic disorder, L-DOPA-induced psychosis,
psychosis associated with Alzheimer’s dementia, psychosis associated with Parkinson’s
disease, psychosis associated with Lewy body disease, dementia, memory deficit, intellectual
deficit associated with Alzheimer’s disease, bipolar disorders, depressive disorders, mood
episodes, anxiety disorders, adjustment disorders, eating disorders, epilepsy, sleep disorders,
migraines, sexual dysfunction, substance abuse, addiction to alcohol and various other drugs,
including cocaine and nicotine, gastrointestinal disorders, obesity, or a central nervous system
deficiency associated with trauma, stroke, or spinal cord injury, or other conditions or
disorders as described herein, that includes administering to the patient a therapeutically

effective amount of a compound of formula I, or a pharmaceutically acceptable salt thereof.
Page 3 0f 193
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[0009] In still other embodiments, the invention relates to compositions comprising a
compound of formula I or a pharmaceutically acceptable salt thereof, and one or more

pharmaceutically acceptable carriers, excipients, or diluents.

DETAILED DESCRIPTION OF THE INVENTION
1. Compounds and Definitions:
[0010] The present invention relates to mnovel aryl substituted 2,3-
dihydrobenzo[1,4]dioxane and aryl substituted 2,3-dihydrobenzo[1,4]dioxolane derivatives
that are agonists or partial agonists of the 2C subtype of brain serotonin receptors.
[0011]  The term “aliphatic” or “aliphatic group™, as used herein, means a straight-chain
(i.e., unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is
-completely saturated or that contains one or more units of unsaturation, or a monocyclic
hydrocarbon that is completely saturated or that contains one or more units of unsaturation,
but which is not aromatic (also referred to herein as "carbocycle" “cycloaliphatic” or
“cycloalkyl”), that has a single point of attachment to the rest of the molecule. In certain
embodiments, aliphatic groups contain 1-4 aliphatic carbon atoms, and in yet other
embodiments, aliphatic groups contain 1-3 aliphatic carbon atoms. In some embodiments,
“cycloaliphatic” (or “carbocycle™) refers to a monocyclic C3-Cg hydrocarbon that is
completely saturated or that contains one or more units of unsaturation, but which is not
aromatic, that has a single point of attachment to the rest of the molecule. Such
cycloaliphatic groups include cycloalkyl, cycloalkenyl, and cycloalkynyl groups. Suitable
aliphatic groups include, but are not limited to, linear or branched, substituted or
unsubstituted alkyl, alkenyl, alkynyl groups and hybrids thereof such as (cycloalkyDalkyl,
(cycloalkenylalkyl or (cycloalkyl)alkenyl.
[0012]  The term “unsaturated,” as used herein, means that a moiety has one or more units
of unsaturation.
[0013]  The term “lower alkyl,” as used herein, refers to a hydrocarbon chain having up to
4 carbon atoms, preferably 1 to 3 carbon atoms, and more preferably 1 to 2 carbon atoms.
The term “alkyl” includes, but is not limited to, straight and branched chains such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, or t-butyl.
[0014] The term “alkoxy,” as used herein, refers to the group -OR", wherein R" is a lower
alkyl group.
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[0015]  The terms “halogen” or “halo,” as used herein, refer to chlorine, bromine, fluorine
or iodine.

[0016]  The term “haloalkyl,” as used herein, or as part of a moiety such as “haloalkoxy”
refers to an alkyl group, as defined herein, that has one or more halogen substituents. In
certain embodiment, every hydrogen atom on said alkyl group is replaced by a halogen atom.
Such haloalkyl groups include -CF3. Such haloalkoxy groups include -OCF;.

[0017]  The term “fluoro-substituted aliphatic, as used herein, an aliphatic group, as
defined herein, that has one or more fluorine substituents. In certain embodiment, a fluoro-
substituted aliphatic group is a fluoroalkyl group.

[0018] The term “fluoroalkyl,” as used herein, or as part of a moiety such as

“fluoroalkoxy” refers to an alkyl group, as defined herein, that has one or more fluorine

" “substituents; Ir certain embodiment, every hydrogen atom on said-alkyl group-is replaced by -

a fluorine atom.

[0019] The term “alkenyl,” as used herein refers to an aliphatic straight or branched
hydrocarbon chain having 2 to 4 carbon atoms that has one or more double bond. Examples
of alkenyl groups include vinyl, prop-1-enyl, allyl, methallyl, but-1-enyl, but-2-enyl, or but-
3-enyl. The term “lower alkenyl” refers to an alkenyl group having 1 to 3 carbon atoms.
[0020] The term “aryl,” as used herein refers to phenyl or an 8-10 membered bicyclic
partially unsaturated or aryl ring. Exemplary aryl groups include phenyl and naphthyl. In
certain embodiments, the term “aryl,” as used herein refers to an 8-10 membered bicyclic
partially unsaturated the wherein at least one of the rings is aromatic.

[0021]) As used herein, the term “Ph” refers to a phenyl ring.

[0022] The term “heteroaryl,” as used herein, refers to a 5-6 membered monocyclic
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or
an 8-10 membered bicyclic partially unsaturated or heteroaryl ring having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur. Examples of heteroaryls include,
but are not limited to, thienyl, furyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolyl, indazolyl,
benzofuranyl, isobenzofuranyl, benzothienyl, isobenzothienyl, quinolyl, isoquinolyl,
quinoxalinyl, or quinazolinyl.

[0023]  The terms “effective amount” and “therapeutically effective amount,” as used
herein, refer to the amount of a compound of formula I that, when administered fo a patient,
is effective to at least partially treat a condition from which the patient is suffering from.
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Such conditions include, but are not limited to, schizophrenia, schizoaffective disorder,
schizophreniform disorder, L-DOPA-induced psychosis, bipolar disorder, obesity, obsessive
compulsive disorder, depression, panic disorder, sleep disorders, eating disorders, and
epilepsy.

[0024) The term “pharmaceutically acceptable salts” or “pharmaceutically acceptable
salt” includes acid addition salts, that is salts derived from treating a compound of formula I
with an organic or inorganic acid such as, for example, acetic, lactic, citric, cinnamic, tartaric,
succinic, fumaric, maleic, malonic, mandelic, malic, oxalic, propionic, hydrochloric,
hydrobromic, phosphoric, nitric, sulfuric, glycolic, pyruvic, methanesulfonic, ethanesulfonic,
toluenesulfonic, salicylic, benzoic, or similarly known acceptable acids. Where a compound

of formula I contains a substituent with acidic properties, for instance, phenolic hydroxyl, —

- 'SOzH‘or'éCf)zH"as R! or R* , the term-also includes salts' derived from bases, for example, - - -

sodium salts.

[0025]  The term “patient,” as used herein, refers to a mammal. In certain embodiments,
the term “patient,” as used herein, refers to a human.

[0026]  The terms “administer,” “administering,” or “administration,” as used herein, refer
to either directly administering a compound or composition to a patient, or administering a '
prodrug derivative or analog of the compound to the patient, which will form an equivalent
amount of the active compound or substance within the patient’s body.

[0027]  The terms “treat” or “treating,” as used herein, refers to partially or completely
alleviating, inhibiting, preventing, ameliorating and/or relieving the condition.

[0028]  The terms “suffer” or “suffering,” as used herein, refers to one or more conditions

that a patient has been diagnosed with, or is suspected to have.

2. Description of Exemplary Compounds:
[0029] In certain embodiments, the invention relates to a compound of formula I
o)

3
1 | N )n l?
(R )y ] N
/ O \R4
Rz \/M
Ar
I
or a pharmaceutically acceptable salt thereof, wherein:
mis 1or2;
nisOorl;
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Ar is phenyl, an 8-10 membered bicyclic partially unsaturated or aryl carbocyclic ring, a 5-6
membered monocyclic heteroaryl having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-10 membered bicyclic heteroaryl ring having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein Ar is
optionally substituted with one or more R groups;

each R" is independently selected from -R, -Ph, -CN, halogen, -OR, -C(O)NH, -C(O)OR,
-NHC(O)R, -SO2R, or -NHSO,R;

y is 0-3;

each R! is independently -R, -CN, halogen, -OR, -C(O)NH3, -C(O)OR, -NHC(O)R, -SOzR,
or -NHSO;R;

each R is independently hydrogen or C,.¢ aliphatic or fluoro-substituted C,.4 aliphatic;

* R%is hydrogen, Cy3 alkyl, or :0(Cryalkysand - - =~ ~- ¢ - oo o

each of R® and R* is independently hydrogen or C,.¢ aliphatic.
[0030]  As defined generally above, the n group of formula I is 0 or 1. In certain

embodiments, n is 1 thus forming a compound of formula Ia having a benzodioxane ring:

w Y ° Ffs
RY
)Y |/ N\4
O m R
RZ
Ar
I

a
or a pharmaceutically acceptable salt thereof, wherein RL R% RS, RY, Ar, y, and m are as
defined above for compounds of formula I and in classes and subclasses as described above

and herein.
[0031]  According to another embodiment, the n group of formula I is 0, thus forming a

compound of formula Ib having a benzodioxolane ring:

RS
o A
(RY X‘% RS
0 R2
Ar
Ib

or a pharmaceutically acceptable salt thereof, wherein R, R?, R3, RY, Ar, y, and m are as
defined above for compounds of formula I and in classes and subclasses as described above

and herein.
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[0032]  As defined generally above, y is 0-3 and each R' group of formula I is
independently -R, -CN, halogen, -OR, -C(O)NH, -C(O)OR, -NHC(O)R, -SO;R, or
-NHSO;R. In certain embodiments, each R! group of formula I is independently -R, -CN,
halogen or -OR. In other embodiments, each R' group of formula I is independently
hydrogen, C,.; aliphatic, halogen, -OH, -O(C..; aliphatic) or -CF;. In still other
embodiments, y is 1, and R! is halogen.

[0033]  According to one embodiment, y is 1, nis 1, and R! is at the 6- or 7-position of the

benzodioxane ring of formula I, thus forming a compound of formula Ila or IIb:

R? o) O
R3 RS
N N
~ 4 ~
A O tIm R R g Um R
! F
Ila IIb

or a pharmaceutically acceptable salt thereof, wherein each R, R% R%, RY, Ar, and m are as
defined above for compounds of formula I and in classes and subclasses as described above
and herein.

[0034)  According to another embodiment, y is 1, n is 0, and R! is at the 5- or 6-position

of the benzodioxolane ring of formula I, thus forming a compound of formula Ie¢ or IId:

il il
R! o o]
0O R2 R? o R2
Ar Ar
1 (M d

or a pharmaceutically acceptable salt thereof, wherein each R, R?, R3, R* Ar, and m are as
defined above for compounds of formula I and in classes and subclasses as described above
and herein.

[0035]  As defined generally above, the Ar group of formula I is phenyl, an 8-10
membered bicyclic partially unsaturated or aryl carbocyclic ring, a 5-6 membered monocyclic
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or
an 8-10 membered bicyclic partially unsaturated or heteroaryl ring having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein Ar is optionally substituted
with one or more R* groups, and wherein each R* is independently selected from -R, -Ph,
-CN, halogen, -OR, -C(O)NH,, -C(O)OR, -NHC(O)R, -SOzR, or -NHSO;R. In certain

embodiments, the Ar group of formula I is phenyl, an 8-10 membered bicyclic partially
Page 8 of 193
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unsaturated or aryl ring, or a 5-6 membered monocyclic heteroary! having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein Ar is optionally substituted
with R*. In other embodiments, the Ar group of formula I is pyridyl, pyrimidinyl, thienyl, or
furanyl, wherein Ar is optionally substituted with R*. In still other embodiments, the Ar
group of formula I is phenyl, optionally substituted with one or more R* groups. According
to one embodiment, Ar is phenyl substituted with R” in the ortho-position thus forming a
compound of formula ITa or ITIb:

(R1)y

Z—JJ

- . (RX)O_4 .. - ..

or a pharmaceutically acceptable salt thereof, wherein each R!, R?, R}, R4, R* y and m are as
defined above for compounds of formula I and in classes and subclasses as described above
and herein.
[0036]  According to another embodiment, the Ar group of formula I is phenyl substituted
with an R* group in both ortho-positions thus forming a compound of formula ¢ or md:

R Ry

RY)y o E
PoT
\t JR\Q/ O Rz
~ X R RY R*
(R%0.3 G (R0-3

md
ora pharmaceutically acceptable salt thereof, wherein each R, R, R, R R, y and m are as
defined above for compounds of formula I and in classes and subclasses as described above

and herein.

[0037]  According to one aspect of the present invention, the Ar group of formula I is
substituted with one or more R* groups independently selected from —Ph -R, -CN, halogen or
-OR. According to another aspect of the present invention, the Ar group of formula I is
substituted with one or more R* groups independently selected from balogen, -0(Cy3
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aliphatic), -Cy3 aliphatic, -Ph or -CF3. In other embodiments, each R* is independently
methyl, ethyl, fluoro, chloro, -CF3, -OCHj, -OCH,CH3, -OCH(CHj3),, -OCFj3, or CN.

[0038]  In certain embodiments, the Ar group of at least one of I, Ia, Ib, Ila, IIb, ¢, IId,
Ila, IIIb, Illc, and Id is selected from the following:

o A&
A, w& O

g

Oé-
e o

g.

MeO FaC

L G
=

Resy
y @-?' *

F \é\
F
F
xi Xxiii
S V.7, .
Cl
xvi xvil Xxviii xix xx
N w
Cl Cl
@
S
Xxxi or Xxii.

[0039]  In other embodiments, the Ar group of at least one of formulae 1, Ia, Ib, Ila, IIb,
Tic, ITd, INIa, ITIb, I1c, and ITId is selected from the following:
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xxiil

Cl Cl

Xxxviii

xlviii

liii

i e
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Ci OMe
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CF,
Xxxiv xxy xxvi Xxvii
o e whav v

Cl Cl Cl Cl Cl Ci Cl Cl

xxxvi XxXxvii
1
FiC
OMe OMe
Xxxix xI xli xlii
o wdar A o
Cl F i
o]
CF3 OEt
xliv xlv xlvi xlvii
wha e ww whv
FaC Fac\©\ Fac\CL F\©,0Me
CN CFj
C!
xlix l li lii
NC Yo MeO
F F F
liv v i lvii
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[0040]  As defined generally above, the R? of formula I is hydrogen, Cy:3 alkyl, or -O(C).3
alkyl). In certain embodiments, the R? of formula I is hydrogen, methyl, or methoxy. In
other embodiments, the R? of formula I is hydrogen or methyl.

[0041]  As defined generally above, the R’ and R* groups of formula I are each
independently hydrogen or Cy. aliphatic. In certain embodiments, both of the R® and R
groups of formula I are hydrogen. In other embodiments, neither of the R* or R* groups of
formula I is hydrogen. According to one aspect of the present invention, the R and R* groups
of formula I are independently hydrogen, methyl, ethyl, cyclopropyl, cyclopropylmethyl, n-
propyl, allyl, or cyclobutyl. Yet another aspect of the present invention provides a compound
of formula I wherein one of the R* and R* groups of formula I is hydrogen and the other is
" methyl, ethyl, cyclopropyl, cyclopropylmethyl, n-propyl, allyl, or cyclobutyl.
[0042) Compounds of the present invention contain asymmetric carbon atoms and thus
give rise to stereoisomers, including enantiomers and diastereomers. Accordingly, it is
contemplated that the present invention relates to all of these stereoisomers, as well as to
mixtures of the stereoisomers. Throughout this application, the name of the product of this
invention, where the absolute configuration of an asymmetric center is not indicated, is

intended to embrace the individual stereoisomers as well as mixtures of stereoisomers.

[0043] In certain embodiments, the present invention provides a compound of formula
IVa, IVb, IVe, or IVd:

RY)—I- N o RY)y— - N R
y |l . N Yy | 1 N
7 o '(% R 7 o m R
Ar R2 Ar 2

R
IVa IVb
RS R3
I |
o] N o N
(R1)y >\”\(% \R4 (R‘l)y >-_'—+§|'/n \R4
O Mo O %e
Ar r
IVe Ivd
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or a pharmaceutically acceptable salt thereof, wherein each R!, R?, R}, R4, Ar, y and m are as
defined above for compounds of formula I and in classes and subclasses as described above
and herein.

[0044]  According to another embodiment, the present invention provides a compound of
formula Va, Vb, Ve, or Vd:

(o)
R3 X R3
RN \ RY—1- |
.,,( 5/ SRé S o : - ~RA
RX R2
(Rx)o-4 (R4
Va - Yb _

Ve vd

or a pharmaceutically acceptable salt thereof, wherein each R', R?, R3, R*, R%, y and m are as

defined above for compounds of formula I and in classes and subclasses as described above

and herein.
[0045]  In other embodiments, the present invention provides a compound of formula

VIa, VIb, Vic, or VId:

3 X R3
R R |
! N
(5/ “R¢ Ao R
RX R¥* Ez
Rx)oa (R")o-3
Via VIb
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T T
o) N o) l
(R O >\@§ “R4 Ry O >-.—66N‘R4
(o] 2 (o] 'i‘;\»z
RX R* R R¥
G (R¥)o-a @ (R¥o-3
Vie vid

or a pharmaceutically acceptable salt thereof, wherein each R, R%, R}, R%, R*, y and m are as
defined above for compounds of formula I and in classes and subclasses as described above

and herein.
[0046]  According to another embodiment, the present invention provides a compound of

~ “formula VIIa, VIIb, VIIc, or VIId:
N ° R? 7N ° R3
®RY—T N ®Y—T N
0 ':,(% \R4 o i - \R4
RX R* RZ RY R |i2
(RM43 (R)1.3
Viia ViIb
RS . R3
0 ' 0 '
RY) O >\..(%N‘R4 R O >.—9§N\R4
0 2 o —'ﬁz
Rx

RX RX R*
O (RM1.3 G (R)1.3

Ve viid

or a pharmaceutically acceptable salt thereof, wherein each R, R%L R, R*, R*, y and m are as
defined above for compounds of formula I and in classes and subclasses as described above
and herein.

[0047] Where an enantiomer is preferred, it may, in some embodiments be provided
substantially free of the corresponding enantiomer. Thus, an enantiomer substantially free of
the corresponding enantiomer refers to a compound which is isolated or separated via

separation techniques or prepared free of the corresponding enantiomer. “Qubstantially free,”
Page 14 of 193
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as used herein, means that the compound is made up of a significantly greater proportion of
one enantiomer. In certain embodiments the compound is made up of at least about 90% by
weight of a preferred enantiomer. In other embodiments of the invention, the compound is
made up of at least about 99% by weight of a preferred enantiomer. Preferred enantiomers
may be isolated from racemic mixtures by any method known to those skilled in the art,
including high pressure liquid chromatography (HPLC) and the formation and crystallization
of chiral salts or prepared by methods described herein. See, for example, Jacques, et al.,
Enantiomers, Racemates and Resolutions (Wiley Interscience, New York, 1981); Wilen,
S.H., et al., Tetrahedron 33:2725 (1977); Eliel, E.L. Stereochemistry of Carbon Compounds
(McGraw-Hill, NY, 1962); Wilen, S.H. Tables of Resolving Agents and Optical Resolutions
p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972).

~[0048]— -Itis further recognized that atropisomers of the-present compounds may exit.-The

present invention thus encompasses atropisomeric forms of compounds of formula I as
defined above, and in classes and subcasses described above and herein.

[0049] Exemplary compounds of formula I are set forth in Table 1, below.

Table 1;: Exemplary Compounds of Formula I:

zj\/NHz :J\/NHZ :]\/NHz Z]\/NHz
U R 0 U

‘;LNHZ ZLNHZ N O
MeQ O : O Cl O Cl O )
o, :zwz LNHZ sz
=5 4 .
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ZLNHZ CO ZLNHz , ZLNHZ
: O F O F O F MeO O ]
Zu\ :U\ U1 :U\
¢ 0 O g

-~ ZL_H\ | ZU\ 5 ZU\ ZL»L o
; BUN {Lm : B : B
{ B : DU : YR : BN

I-

j\/w¢/ j\/nvA\ H‘D j\,nvA\ MD :LVH
| RS R

I-3§ I-36
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Q (o) 0]
O oj\/kl]/ 0]\/r!l\ O Oj\/'l‘l\ O :j\/n\/"
cl ol ol cl
J g J J |
Cl Ci Cl
137 138 139 1-40 }
O
: R anzx LM OO |
cl cl |
Re J ‘
Cl Cl 1‘
141 142 . 143 144 |
0 |
cl O al O cl cl
f-'45 1-46 1-47 |
@) o) 0. O ‘
Oj{/NHz oj{,NHz O o N2 O o:l{,/NHz !
J R 94 J }
148 1-49 1-50 Cl st
Q
O :j{/NHZ oj("/NHZ O Z>_\NH2 O c<;>_\NH2
& MeO Cl o ci O cl O cl
S
152 153 I-54 155
: T ],,,NHZ: D C': ],/ ],,,
Cl FaC
1-56 1-68 1-60 |
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s NHZ O o]"q/NHZ

HyCO O

1-61

FgC

T, F\fh })—\ F
IVIeO O

1-76
:: >_\

j ',,/NHZ
1-63

MeO.

F3c i MeO.
MeO
1-62
',,/NHZ j "o NHZ
Cl
1-67

77

F>_\

L

1-81

SR LAL) 1 FAY]
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: Il/ : ’I/
cl 1-64
j 1,,/NH2 ] '1,/NH2
1-69

Cl

o)
[‘D bemz

Cl

1-78 I-79

T

1-82
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F o}
O O>_I-}N—

-84

he

1-90

Cl cl
O z>—\NH2 O

MeO.
J

MeO O
Ci

1-94
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Q

Cl

I-102

MeO

1-103

1-95
PV O S
0 NH»
OMe g
1-98 1-99
0
O ‘o NH l’/ NHZ lr/
Cl O Cl CI CI
Cl
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CO ° °
’I,/ NHZ O "II/ NHZ O o]"I'/NHZ O o].'l[/ NH2
cl g cl cl g cl FaC g CF3
OCF, CN
1-107 1-108 1-109 1-110
F. 0.
O 0 :,/NHz jo,,/NHz .,,/NHZ ,,/ O j ,’/
O Cl Cl cl Cl C| g
F
CF3;
[-111 1-112 I-113 I-114 I-115
F 0]
O l,//NHz ’IJ/NHZ I,I/NHZ O oj'l,,/NHz
Cl CI Cl FoC CFa
OCF3
I-116 I-117 I-118 I-119
)
1,/ O ]'l,/NHZ j’l,/NHZ O 0 "l,/NHZ
Fac Ph O Ph FsC Cl
CF3
1-120 1-121 1-122 1-123
O 0.
0 Oj"r,/NHZ O 0]"4,/NHZ ] f,/NHZ l,/ :,/NHZ
FsCO O O CF3
1-124 I-125 I-126 1127 1-128
o) o) o) o}
O o]-.,,/NHz O oj-.,,/NHz O Oj-,,I/NHz O Oj':,,/NHz
O d R 4
OMe F CFj3 OEt
I-129 1-130 I-131 I-132
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T CO °
0 "l;/NHZ 0 "l,/NHZ :,’/NHz v,,/NHz O oj'-,l/NHz
F O MeO Fac FaC l
Cl CN
1-133 1-134 1135 1-136 1-137
o 'l,'/NHz O oj'v,'/NHz O O]'l,'/NHz
FaC ! F g OMe FsC g
CFsa F
I-138 1-139 1-140 I-141
(s I,,/NHZ 1,,/NH2- ~ 1,,/NH2 ]-I’I/NHZ -— O jq’/NHZ
NC MeO. ‘
I-l42 I-143 1-144 1145 I-146
F: Oj F O o)
O o~ s NH, o]"'l/ NH ] , NH2 "l/ NH2 "I/ NHy
F4CO O O CF3
I-147 1-148 1-149 1-150 I-151
F o F. 0 F. o F o]
O oj"" _NH, O 0].,,, _NH, O 0].,,, _NH, O o N2
FoC g FaC g cl O O
OMe F CF3 OEt
1-152 1-153 1-154 I-155
F. o) F ) F. O j F: O Oj
O oj",’/NHz O oj':,’/NHz N l,’/NHz l,,/NHz o 'l,'/NHz
g x g MeO F3C O
Cl CN

I-156 | I-157 1-158 I-159 1-160
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F O Oj F 0 F 0 F 0
o "I,/NHZ O 0]"I[/NH2 O o]"l,/NHZ O oj"l,/NHz
NC ! YO g MeO ! MeO g OMe
F F F
1-165 1-166 I-167 1-168

[0050] It will be appreciated that for each racemic compound disclosed in Table 1, above,
both enantiomers are separately contemplated and included herein. For example, for

compound I-1 depicted above as a racemate, each of its enantiomers of structures I-1a and I-

| - :j\/NHz :jw,/NHz T
RS he

I-1a I-1b
are contemplated and included herein.
[0051] It will be appreciated that for each enantiomer disclosed in Table 1, above, the
opposite enantiomer is contemplated and included herein. For example, for compounds 1-46

and 1-47 depicted above as a single enantiomer, the opposite enantiomers of structures 1-46a

and I-47a:
0 F 0
® oj\/NHz J oj\/NHz
cl l - cl ! cl
I-46a 1-47a

are also contemplated and included herein.
[0052] In addition, for each enantiomer disclosed in Table 1, above, the racemate of that
compound is also contemplated and included herein. For example, for compounds I-46 and

I-47 depicted above as a single enantiomer, their racemates of structures I-46b and 1-47b:
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o F 0
O oj\/NHg O 0]\/NH2
Cl O Cl Cl O Cl

I-46b I-47b

are also contemplated and included herein.

3 General Methods of Providing the Present Compounds:
[0053]  Compounds of formula I of the present invention may be prepared by
(i) alkylation of a compound having the formula HNRR where R® and R* are as defined

"~ above with, as alykylating agent, a compoundhaving theformulaX - - - - -

O
X
(RW-!-KY &
o 2
R m

Ar
X

where Y is a leaving group and R, R% m,n, y and Arare as defined above;

(ii) reduction of a compound having the formula Xa

o)
(R1)V~El/>/y\ )ﬂ
0)

R? \/m

N3
Ar
Xa
where R*, R%, R®, R", m, n, y and Ar are as defined above; or
(iii) subjecting a compound having the formula Xb

O a
(R‘)y——l'/\r )" T
\fY\O N\Rb

R? \ /m

Ar
Xb
where R, R%, R, R*, m, n, y and Ar are as defined above and R’ is selected from R*and a
removeable monovalent protecting group whilst R® is a removeable monovalent protecting
group or R* and R® together represent a divalent protecting group to treatment to remove the
protecting group(s);
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and, if desired a resultant compound having formula I is converted into a pharmaceutically
acceptable salt thereof. In the compounds may be prepared as illustrated in Scheme 1-11,
below. Unless otherwise noted, all variables are as defined above and in classes and
subclasses described above and herein. Specifically, the appropriately substituted toluene-4-
sulfonic acid 8-formyl-2,3-dihydrobenzo[l,4]dioxin-2-ylmethyl ester (1) is converted to a
phenol (2) via oxidation with meta-chloroperoxybenzoic acid (Baeyer-Villiger reaction),
followed by cleavage of the resulting formate ester under basic condition, such as basic
aluminum in methanol or sodium hydroxide in methanol. The phenol thus obtained is then
reacted with trifluoromethanesulfonic anhydride in presence of diisopropylethylamine in
methylene chloride to generate corresponding triflate (3). Suzuki coupling of the friflate (3)
with different arylboronic acid by using tetrakis(iripbenylphospine)palladium (0) under basic

condition produced ~toluene-4-sulfonic acid 8-aryl-2,3-dihydrobeiizo[1,4]dioxin-2-methyl ~

ester (4) as a key intermediate. After conversion of the tosylate to the azide (5) with sodium
azide, the azide is reduced to an amine with a suitable reducing agent such as
triphenylphosphine in tetrahydrofuran and water or catalytic hydrogenation with 5% Pt-S; on
carbon in ethanol to give the title compounds of the invention of formula I. Certain

aldehydes 1 are known compounds and may be obtained from commercial sources.

Scheme 1

\

Ry Ry
o) 0. -
l\\ j<a/2 1) MCPBA, CH,Cy \I\\ ]<R/2 THO, (-PEN
OTs

(0 OTs 2)NaOH, CH3OH R CHCly
CHO or basic Al;03 OH
1 2
R’ /Y,
X C ) Ar-boronic acid |\\ 0 w2 NaNj;
P )<R,OT5 Ph(PhsP)y P j<,0Ts T
o NayCOga (o)
Ot DME-H,0 A,
3
R /Y,
3\\ N ., PS-PhgP/THF-H,0 O 2
Qi th or 5% Pt-S; on carbon @ jQR/NHg
O Ho/ethanol (o)
Ar g A
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[0054]  Alternatively, aldehydes of formula 1 are prepared via methods substantially
similar to those described in Journal of Medicinal Chemistry (1992), 35(16), 3058-66.
According to another alternative, aldehydes 1 are prepared from the 8-allyl benzodioxans
described in US 5,756,532 via isomerization of the double bond with bis(acetonitrile)
palladium (II) chloride in refluxing methylene chloride, followed by cleavage with either
osmium tetroxide and sodium periodate or ozonolysis as shown in Scheme 1a below.

Scheme la

(R1)y (R1)
o y
\|\\ R2 (MeCN)RPACl, XN © , _0sOy NalO,
2 OTs - R ore -
o CH,Clp o

"™

[0055]  Scheme 2, below, depicts an alternate method for preparing compounds of

formula I. The commercially available phenylboronic acids were coupled to different aryl
bromides or aryl triflates by using Suzuki coupling reaction to obtain the intermediate 6.
ortho-Halogenation of the methyl ether 6, followed by metal-halogen exchange with
appropriate Grignard reagent and quenching with 1-formylpiperidine leads to the
benzaldehyde derivative 8. The aldehyde moiety is then converted to a phenol 9 via Baeyer-
Villiger reaction, followed by cleavage of the resulting formate ester with sodium hydroxide
in methanol. The phenol thus obtained is then elaborated via alkylation with a glycidyl
tosylate in the presence of a base such as sodium hydride to form an intermediate of formula
10. The methyl ether (10) is then cleaved and epoxide ring is opened by treatment with 33%
HBr in acetic acid to generate 11a-b. Intermediate 11a-b is cyclized directly to benzodioxan
methanol 12 under basic conditions, such as sodium hydroxide in methanol. The alcohol is
converted to a tosylate of formula 13 by treatment with p-toluenesulfonyl chloride,
diisopropylethylamine and catalytic amount of dimethylaminopyridine in methylene chloride.
As before, displacement of the tosylate with azide, followed by azide reduction provides

compounds of formula I
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[0056]  Alternatively as depicted in Scheme 3 below, the methyl ether (6) can also be
cleaved by treatment with boron tribromide at —78 °C to form a phenol (14). The phenol is
alkylated with allyl bromide in the presence of a suitable base such as potassium carbonate
and the product (15) submitted to a Claisen rearrangement in a refluxing high-boiling solvent
such as mesitylene or decahydronaphthalene. Protection of the Claisen rearrangement
product (16) as the benzyl ether is effected via treatment with benzyl bromide in the presence
of a base such as sodium hydride in DMF. Isomerization of the double bond of the benzyl
ether into a compound (17), in which the double bond is conjugated with the aromatic ring,
is carried out with bis(acetonitrile) palladium (II) chloride in refluxing methylene chloride.
Cleavage of the olefin with osmium tetroxide and sodium periodate then gives the o-
benzyloxybenzaldehyde (18). The aldehyde moiety is then converted to a phenol (19) via
Baeyer-Villiger reaction, followed by cleavage of the resulting formate ester with sodium
hydroxide in methanol. After elaboration of the phenol to the glycidyl ether (20) by
treatment with a glycidyl tosylate, the benzyl ether is then cleaved and the epoxide ring is
opened by treatment with 33% HBr in acetic acid. Compounds of formula I are made

following the sequences shown in Scheme 2.
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[0057] In another method (Scheme 4) the double bond of the Claisen rearrangement
product (16) is isomerized to the compound (21) in which the double bond is conjugated with
the aromatic ring by using bis(acetonitrile) palladium (II) chloride in refluxing methylene
chloride. Cleavage of the olefin with osmium tetroxide and sodium periodate then gives the
aldehyde which is then converted to the benzyl ether (18) via treatment with benzyl bromide
in the presence of a base such as sodium hydride in DMF. The aldehyde moiety is then
converted to a phenol (19) via Baeyer-Villiger reaction, followed by cleavage of the resulting
formate ester with sodium hydroxide in methanol. Afier elaboration of the phenol to the
glycidyl ether (20) by treatment with a glycidyl tosylate, the benzyl ether is then cleaved and
the epoxide ring is opened by treatment with 10% palladium on carbon with 1,4-
cyclohexadiene in the presence of a suitable base such as sodium bicarbonate or sodium
carbonate. Tosylates of formula 13 are prepared by the steps shown in Scheme 2, above.
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[0058)  Alternatively (Scheme 5), o-halogenation of phenol (14) under different reaction
conditions generates the intermediate (22). Protection of phenol (22) with R’ (e.g., methyl or
benzyl group), followed by metal-halogen exchange with appropriate Grignard reagent and
quenching with 1-formylpiperidine, the benzaldehyde derivative (18) (R® = Bn) or (8) (R’ =
Me) can be generated. In another method, intermediates (18) and (8) can be generated by
direct o-formylation (ref. J. Chem. Soc. Perkin. Trans 1, 1994, 1823-183.) of phenol (14),
followed by protection of intermediate 24 with either methyl or benzyl groups.
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[0059]  Alternatively, a benzodioxan methanol compound of formula (12) is produced by

using a method depicted in Scheme 6, below. The different 2,3-dimethoxyphenyl boronic

acids are coupled

to aryl bromides or aryl triflates by using Suzuki coupling reaction to

obtain intermediates of formula 26. The dimethyl ether (26) is cleaved by treatment with
boron tribromide at room temperature to form catechol derivatives (27). After treatment of
catechol (27) with a benzyl glycidyl tosylate under basic conditions, the benzodioxan

methanol (12) is generated.
Scheme 6
1 1
RYy Ry Rl
o PN N OH KoCO/DMF
(Y s | e [ it
7 o~ 0 OH TSO/\AO
Ar
HO’B\OH Ar
25 26 27
RYy
Y
S oj\/OH
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12
[0060] Benzodioxolane derivatives of the invention, wherein n is zero, are alternatively

prepared by the sequences outlined in Scheme 7 and Scheme 8, below. Substituted
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salicylaldehyde (28) undergoes oxidation with meta-chloroperoxybenzoic acid, followed by
cleavage of the resulting formate ester with sodium hydroxide in methanol. Catechol (29)
thus obtained is condensed with diethyl dibromomalonate under basic condition such as
potassium carbonate, followed by hydrolysis to generate dicarboxylic acid 31. Intermediate
(31) undergoes decarboxylation in a refluxing high-boiling solvent such as mesitylene, and
the resulting monoacid is converted to its methyl ester (32). The methyl ester (32) is reduced
to alcohol (33) with a suitable reducing agent such as sodium borohydride. After the
conversion of the alcohol to tosylate (34) with p-toluenesulfonyl chloride, different aryls and
heteoaryls can be introduced by Suzuki coupling reaction. Replacement of the tosyl with
azide, followed by the reduction of the resulting azide, affords the title compounds of formula

I of the invention, wherein n is zero The corresponding Cbz derivatives of compound I

"(racemic) are injected onto a chiral Supercritical Fluid Chromatography ‘instrumént fo obtair

the resolved enantiomers. After removal of the Cbz group, the corresponding chiral

compounds of structure I can be obtained.

Scheme 7
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I\\ S0 1. mCPBA T\\ OH BroCH(COOC;Hs) |\\ °><0000sz 1N NaOH-THF
———————— ——————————————— A ——— e .
Z~0OH 2.NaOH Z~on  KoCOs 7 ~0 COOC;Hs
Br Br Br
28 29 30
(R1)y (R1)y (R1)y
Py 0 PH T1sCI
X0 _CooH 1.mesltylene \\ o M NaBH, \\ 8
» X 1mesitylens ] P < — D .
Jd 'COOH 2. TMSCHoN, 0 OCH, o
Br Br Br
31 32 33
R?
(R )V\\ OTs )v\
P 0)—/ Ar-boronic acid >_/ _Naly_ >_/ reduction
PdCIZ[(o-toly)aP]z
Br KoC

(RYy R!
NH (RYy
\|\ o>_/ 2 1. protection }\ °> ,NHZ
7 ~d 2, chiral HPLC Z~0
Ar 3. deprotection r
! 1, chiral
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[0061]  Alternatively (Scheme 8), benzodioxolane derivatives of the invention in which n
is zero are made from a substituted guaiacol (9) or 2,3-dimethoxybipheny! (26). The methyl
ether of the substituted guaiacol (9) or 2,3-dimethoxybiphenyl (26) is cleaved by treatment
with boron ftribromide. @ The catechol (27) is treated sequentially with diethyl
dibromomalonate and IN sodium hydroxide solution in tetrahydrofuran to generate the
dicarboxylic acid (37). After decarboxylation and esterification, the methyl ester (38) is
reduced by a reducing agent such as sodium borohydride. The primary alcohol (39) is
converted to the tosylate (40) by reaction with p-toluenesulfonyl chloride in the presence of
diisopropylethyl amine and catalytical amount of DMAP. Replacement of tosylate (40) with
azide, and subsequent reduction of azide with triphenylphosphine in tetrahydrofuran and

water, affords the title compounds of formula I of the present invention wherein n is zero.

" Scheme §
R"
V}\ OMe
Z OMe
Ar 26
BBI’a’CHzClz
it
1
Ry (R Ry
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[0062] Compounds of the invention in which R® or R* are not hydrogen are prepared

according to Scheme 9, below. Replacement of any of the tosylates, which are generated via
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the reaction sequences listed in Schemes 1-8, with the appropriately substituted amines
affords compounds of formula I (Scheme 9).

Scheme 9
1)
y RYy
frl/ RORINH \ ~ R?
o5 “pbmso Z o N~R4
Ar R?
4,13, 34 and 44 J

[0063]  Scheme 10, below, depicts an alternative method for preparing compounds of the

present invention.
ca?
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wherein each z is 0-5.

[0064] At step S-1 of Scheme 10, a compound of formula J is coupled to a compound of
formula H, via a Cg;Cgp, coupling reaction between the carbon centers bearing
complementary coupling groups CG' and CG? to provide a compound of formula G.
Suitable coupling reactions are well known to one of ordinary skill in the art and typically

involve one of the coupling groups being an electron-withdrawing group (e.g., Cl, Br, I, OTY,
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etc.), such that the resulting polar carbon-CG bond is susceptible to oxidative addition by an
electron-rich metal (e.g., a low-valent palladium or nickel species), and the complementary
coupling group being an electropositive group (e.g., boronic acids, boronic esters, boranes,
stannanes, silyl species, zinc species, aluminum species, magnesium species, zirconium
species, etc.), such that the carbon which bears the electropositive coupling group is

susceptible to transfer to other electropositive species (e.g., a Pd™™ v

species or a Ni
species). Exemplary reactions and coupling groups include those described in Metal-
Catalyzed Cross-Coupling Reactions, A. de Meijere and F. Diederich, Eds., 2" Edition, John
Wiley & Sons, 2004, In certain embodiments, CG'in compounds of formula J is a boronic
acid, a boronic ester, or a borane. In other embodiments, CG' in compounds of formula J is a

boronic ester. According to one aspect of the present invention, CG! in compounds of

" formula J is a boronic acid. ‘In certain embodiments; CG? in compounds of formula H-is Br, - -

I, or OTf. According to one aspect of the present invention, CG? in compounds of formula H
is Br. In certain embodiments, the transformation is catalyzed by a palladium species.
According to one aspect of the invention, the transformation is catalyzed by palladium
tetrakis triphenylphosphine.

[0065] At step S-2, a hydroxyl group is introduced at the open ortho position relative to
the OPG' group of formula G. One of ordinary skill in the art will recognize that there are a
wide variety of reactions and reaction sequences that can be employed to accomplish this
transformation; see generally, March's Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure, M. B. Smith and J, March, 5™ Edition, John Wiley & Sons, 2001
and Comprehensive Organic Transformaions, R. C. Larock, 2" Edition, John Wiley & Sons,
1999. Exemplary sequences include initial directed orthometallation followed by either (a)
direct treatment with an electrophilic oxygen source; (b) treatment with a borate ester
followed by oxidative workup of the resulting boronic ester or acid; or (c) treatment with a
reagent that will allow the introduction of a formyl group (e.g., methyl formate,
dimethylformamide) followed by subsequent Baeyer-Villiger reaction; for the above
methods, see, e.g., Snieckus, V. Chem. Rev. 1990, 90, 879 and Schlosser, M. Angew. Chem.
Int. Ed, 2005, 44, 376. Alternatively, direct orthoformylation may be utilized, followed by a
Baeyer-Villiger reaction; see, e.g., Laird, T. in Comprehensive Organic Chemistry, Stoddart,
J. F., Ed., Pergamon, Oxford 1979, Vol. 1, p 1105 and Hofslekken, N, U.; Skattebal, L. Acta
Chem. Scand. 1999, 53, 258. Another exemplary sequence involves halogenation followed
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by a metallation/transmetallation sequence to afford a boronic acid, boronic ester, or borane,
followed by peroxide oxidation; see, generally, de Meijere (2004) and Snieckus (1990).

[0066]  According to one aspect of the present invention, a compound of formula G is
first brominated, then is subjected to halogen-metal exchange to afford an intermediate
arylmetal compound that is allowed to react with a borate ester to afford, following aqueous
workup, a boronic acid, which is subsequently oxidized to provide a phenol of formula F, as
depicted in Scheme II. According to another aspect of the invention, the brominating agent is
N-bromosuccinimide. In certain embodiments, the bromination is conducted in the presence
of para-toluenesulfonic acid and acetic acid. According to yet another aspect of the
invention, the metallation/transmetallation sequence involves initial magnesium-halogen

exchange, followed by treatment with a trialkyl borate. In certain embodiments, the

magnesium-halogen exchange is accomplished by treating the intermediatearyl bromide with™

isopropylmagnesium bromide. According to one aspect of the invention, the magnesium-
halogen exchange is conducted in tetrahydrofuran (THF). In other embodiments, the trialkyl
borate is triisopropylborate  [B(OiPr);]. In certain embodiments, the
metallation/transmetallation step is conducted at a temperature that is between —20 °C and 20
°C. In certain embodiments, the boronic acid is oxidized with hydrogen peroxide (H,03) to
afford compounds of formula F. In other embodiments, the boronic acid is oxidized with
peroxyacetic acid (also called peracetic acid) or meta-chloroperoxybenzoic acid (mCPBA).
One of ordinary skill in the art will recognize that standard procedures for magnesium-
halogen exchange followed by transmetallation to a boron-containing entity, followed by
oxidation to the phenol can be performed without isolation of the respective intermediate
species.

[0067] At step S-3, a compound of formula F is glycidated on the phenol oxygen of
compounds of formula F. Exemplary reagents that may be used to promote glycidation
include epichlorohydrin, epibromohydrin, oxiranylmethyl p-toluenesulfonate (also called:
oxiranylmethyl tosylate or glycidyl tosylate), oxiranylmethyl methanesulfonate
(oxiranylmethyl mesylate or glycidyl mesylate), and oxiranylmethyl
trifluoromethanesulfonate (oxiranylmethyl triflate or glycidyl triflate). According to one
aspect of the present invention, the activated glycidol equivalent is gycidyl tosylate. In
certain embodiments, at step S-3, a compound of formula F is treated with a base to form the
corresponding metal phenoxide salt, which is then allowed to react with an activated glycido!

equivalent to afford a compound of formula E. In certain embodiments, the base employed is
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selected from sodium hydroxide (NaOH), potassium carbonate (K,COj;), potassium rert-
butoxide (KO/Bu), lithium diisopropylamide (LDA), lithium hexamethyldisilazide
(LHMDS), or sodium hydride (NaOH). According to one aspect of the present invention, the
base is potassium ferf-butoxide. In certain embodiments, the reaction is conducted using
dimethylformamide (DMF), N-methylpyrrolidine (NMP), or dimethylamine (DMA) as
solvent. In other embodiments, DMF is employed as solvent. In certain embodiments, the
reaction is heated. In other embodiments, the reaction is conducted at a temperature that is
between 20 °C and 100 °C. One of ordinary skill in the art will recognize that the activated
glycidol equivalents contain a stereogenic carbon, and accordingly, compounds of formula E
contain a steregenic carbon corresponding thereto.

[0068)] In certain embodiments, the glycidol equivalent employed at step S-3 is

" “enantiomerically enriclied, and accordingly, the mixture of enantiomers of formula E thatare- ~ - -

generated in this step is enriched in one of the enantiomers. While a single stereochemical
isomer is depicted for formulae E, D, C, B, A, I, and II*HX in Scheme 10, it will be
appreciated that mixtures of enantiomers of these formulae are accessible enriched in either
enantiomer vig methods of the present invention and those known to one of ordinary skill in
the art.

[0069] As used herein, the terms “enantiomerically enriched” and “enantioenriched”
denote that one enantiomer makes up at least 75% of the preparation. In certain
embodiments, the terms denote that one enantiomer makes up at least 80% of the preparation.
In other embodiments, the terms denote that at least 90% of the preparation is one of the
enantiomers. In other embodiments, the terms denote that at least 95% of the preparation is
one of the enantiomers. In still other embodiments, the terms denote that at least 97.5% of
the preparation is one of the enantiomers. In yet another embodiment, the terms denote that
the preparation consists of a single enantiomer to the limits of detection (also referred to as
“enantiopure”). As used herein, when “enantioenriched” or “enantiomerically enriched” are
used to describe a singular noun (e.g., “an enantioenriched compound of formula II” or “an
enantioenriched chiral acid”), it should be understood that the “compound” or “acid” may be
enantiopure, or may in fact be an enantioenriched mixture of enantiomers. Similarly, when
“racemic” is used to describe a singular noun (e.g., “a racemic compound of formula E”), it
should be understood that the term is in fact describing a 1:1 mixture of enantiomers.

[0070) At step S-4, a protected amine moiety is introduced via epoxide-opening to afford
compounds of formula D. In compounds of formulaec D, C, B, and A, PG? and PG® are
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amino protecting groups. Protected amines are well known in the art and include those
described in detail in Greene (1999). Suitable mono-protected amines further include, but are
not limited to, aralkylamines, carbamates, allyl amines, amides, and the like. Examples of
suitable mono-protected amino moieties include t-butyloxycarbonylamino (-NHBOC),
ethyloxycarbonylamino, methyloxycarbonylamino, trichloroethyloxycarbonylamino,
allyloxycarbonylamino (-NHAlloc), benzyloxocarbonylamino (-NHCBZ), allylamino,
benzylamino (-NHBn), fluorenylmethylcarbonyl (-NHFmoc), formamido, acetamido,
chloroacetamido, dichloroacetamido, trichloroacetamido, phenylacetamido,
trifluoroacetamido, benzamido, t-butyldiphenylsilyl, and the like. Suitable di-protected
amines include amines that are substituted with two substituents independently selected from

those described above as mono-protected amines, and further include cyclic imides, such as

phthalimide, maléimide, sucCinimide, and the like. Suitable di-protected amines also include -~ - -

pyrroles and the like, and 22,5,5-tetramethyl-[1,2,5]azadisilolidine and the like.
Notwithstanding the definition above, one of either PG? or PG’ in compounds of formulae D,
C, B, and A may be hydrogen. Also notwithstanding the definitions above, the NPGH(PGY)
moiety of formulae D, C, B, and A may be azido. According to one aspect of the invention,
the -N(PG?)(PG®) moiety of formulae D, C, B, and A, is phthalimido. According to another
aspect of the invention, at step S-4, a compound of formula E is treated with potassium
phthalimide to generate compounds of formula D in which the -N(PGZ)(PG3) moiety is
phthalimido. In other embodiments, step S-4 is performed with heating. In certain
embodiments, the reaction is conducted in dimethylformamide (DMF), N-methylpyrrolidine
(NMP), or dimethylamine (DMA). In other embodiments, the reaction is conducted in DMF.
In certain embodiments, the reaction is conducted at a temperature that is between 40 °C and
110 °C. In other embodiments, the reaction is run at 80 °C.

[0071]  In certain embodiments, steps S-3 and S-4 may be conducted without isolating
compounds of formula E. Accordingly, one aspect of the present invention is a procedure of
glycidation followed by epoxide-opening to introduce a protected amine moiety without
isolation of the intermediate glycidated species. In certain embodiments, the phthalimide is
directly added to the reaction mixture in which the glycidated species was formed.

[0072] At step S-5, the hydroxyl group of compounds of formula D is activated such that
it becomes leaving group LG that is subject to nucleophilic displacement. A suitable
“leaving group” that is “subject to nucleophilic displacement” is a chemical group that is

readily displaced by a desired incoming nucleophilic chemical entity. Suitable leaving
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groups are well known in the art, e.g., see, Smith (2001). Such leaving groups include, but
are not limited to, halogen, alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy,
optionally substituted alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, and
diazonium moieties. Examples of suitable leaving groups include chloro, iodo, bromo,
fluoro, methanesulfonyloxy (mesyloxy), tosyloxy, triflyloxy, nitro-phenylsulfonyloxy
(nosyloxy), and bromo-phenylsulfonyloxy (brosyloxy). According to one aspect of the
present invention, LG in compounds of formula C is methanesulfonyloxy (mesyloxy).
According to another aspect of the invention, a compound of formula D is allowed to react
with methanesulfonyl chloride (mesyl chloride) to afford a compound of formula C in which
LG is methanesulfonyloxy (mesyloxy). In certain embodiments this reaction is run in
tetrahydrofuran (THF), dichloromethane, acetonitrile, or isopropyl acetate. In other

" embodiments the reaction is run in THF. According to one aspect of the present invention, ~

the reaction is run in the presence of triethylamine (TEA). In certain embodiments, the
reaction is run at a temperature that is between —20 °C and 40 °C. In other embodiments, the
reaction is conducted at a temperature of 0 °C.

[0073] At step S-6, removal of the PG' protecting group in compounds of formula C
affords the free phenol-containing compounds of formula B. Procedures for the removal of
suitable hydroxyl protecting groups are well known in the art; see Green (1999). In certain
embodiments, where PG’ is methyl, PG’ is removed by treatment of a compound of formula
C with BBr3, iodotrimethylsilane, or a combination of BCl; and Lil. According to one aspect
of the present invention, where PG’ is methyl, PG! is removed by treatment of a compound of
formula C with BBrs. In certain embodiments this step is conducted using toluene,
dichloromethane, or isopropyl acetate as solvent. In other embodiments, this step is
conducted using toluene as solvent. In certain embodiments, the reaction is conducted at a
temperature between —20 °C and 40 °C.

[0074] At step S-7, a compound of formula B is allowed to cyclize to afford a compound
of formula A. One of ordinary skill in the art would recognize that a wide variety of reaction
conditions are useful for promoting this reaction, therefore a wide variety of reaction
conditions are contemplated. For example, the reaction may be conducted with or without
thermal excitation, with or without base catalysis, and in protic or aprotic media. According
to one aspect of the invention, the reaction is proﬂloted by the addition of potassium
carbonate, lithium diisopropylamide, or lithium hexamethyldisilazide to a compound of

formula B. According to another aspect of the invention, the reaction is promoted by the
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addition of potassium carbonate. In certain embodiments, the reaction is conducted with
dimethylformamide, N-methylpyrollidone, or dimethylamine as solvent. In other
embodiments, the reaction is conducted with dimethylformamide as solvent. In certain
embodiments, the reaction is conducted at a temperature between 10 °C and 60 °C.

[0075] At step S-8, removal of the PG* and PG® protecting groups in compounds of
formula A affords the free amine-containing compounds of formula II. Procedures for the
removal of suitable amino protecting groups are well known in the art; see Green (1999). In
certain embodiments, where the -N(PG?)(PG’) moiety of formulae A is phthalimido, PG* and
PG® are removed by treatment with hydrazine or methylamine. In other embodiments, where
the -N(PGY)(PG®) moiety of formulae A is phthalimido, PG? and PG® are removed by

treatment with hydrazine. In certain embodiments, this transformation is conducted with

ethanol, methanol, isopropanol, or tetrahydrofuran as solvent, or Wwith mixturés of the -

aforementioned solvents and/or water. In other embodiments, this transformation is
conducted with ethanol as solvent. In certain embodiments, the reaction is conducted at a
temperature between 40 °C and 90 °C. In other embodiments the reaction is conducted with
an ethanol-water mix as solvent at reflux.

[0076]  One of ordinary skill in the art will appreciate that a compound of formula I, as
prepared by the methods of the present invention, may be treated with a suitable Brgnsted
acid, HX, as depicted in step S-9, to form a salt thereof (represented by formula II-HX).
Exemplary acids include hydrogen halides, carboxylic acids, sulfonic acids, sulfuric acid, and
phosphoric acid. According to one aspect of the present invention, a compound of formula Il
is treated with HCI to form a compound of formula II'-HX wherein X is Cl. In certain
embodiments, where the acid is HCI, it is introduced into the medium containing the
compound of formula II in gaseous form. In other embodiments, the acid is introduced into
the medium containing the compound of formula IT as a solution in methanol, ethanol,
isopropanol, or water. In yet other embodiments, the acid is introduced into the medium
containing the compound of formula II as a solution in isopropanol. In certain embodiments,
the medium containing the compound of formula II is isopropanol.

[0077]  Using compound I-47 to exemplify, Scheme 11 depicts an alternate method for

preparing compounds of the present invention.
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[0078]  Although certain exemplary embodiments are depicted and described above and

herein, it will be appreciated that compounds of the invention can be prepared according to
the methods described generally above using appropriate starting materials by methods
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generally available to one of ordinary skill in the art. Additional embodiments are

exemplified in more detail herein.

4. Uses, Formulation and Administration

[0079] Compounds of the present invention have affinity for and agonist or partial
agonist activity at the 2C subtype of brain serotonin receptors and are thus of interest for the
treatment of a variety of disorders and/or the alleviation of one or more associated symptoms.
Such disorders associated with modulations of the 2C subtype of brain serotonin receptors are
described in detail below. The present invention contemplates that compounds of formula I
are associated with a rapid onset of action. In addition, compounds of formula I lack the

side-effect of sexual dysfunction.

'[0080] - Compounds of the present invention are useful for tréating one or more psychotic -

disorders, as described herein, without causing diabetogenesis. Diabetogenesis is a side-
effect associated with atypical antipsychotic agents., Without wishing to be bound by any
particular theory, it is believed that the diabetogenesis associated with atypical antipsychotic
agents results from the fact that those agents are 5-HT,c antagonists. As described herein, the
present compounds are 5-HT,c agonists, or partial agonists, and therefore are not associated
with diabetogenesis.

[0081]  Compounds of the present invention are useful for treating one or more psychotic
disorders such as schizophrenia including paranoid type, disorganized type, catatonic type,
and undifferentiated type, schizophreniform disorder, schizoaffective disorder, delusional
disorder, substance-induced psychotic disorder, and psychotic disorder not otherwise
specified; L-DOPA-induced psychosis; psychosis associated with Alzheimer’s dementia;
psychosis associated with Parkinson’s disease; and psychosis associated with Lewy body
disease.

[0082] Compounds of the present invention are also useful for treating symptoms related
to psychotic disorders of the schizophrenic types, including the so called “positive” and
“negative” symptoms of schizophrenia. = These symptoms include for example
hallucinations, delusions, paranoia, anxiety, agitation, excessive aggression, tension, thought
disorder, blunted affect, and social or emotional withdrawal in psychotic patients. Other
symptoms often associated with psychotic disorders include cognition disorders or deficits

such as poor attention and impaired function, depression, suicide, metabolic syndrome, and
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substance abuse. Thus, another embodiment of the present invention provides a method for
treating one or more symptoms associated with a psychotic disorder.

[0083] In other embodiments, the present compounds are useful for treating anxiety
disorders such as panic attack, agoraphobia, panic disorder, specific phobia, social phobia,
social anxiety disorder, obsessive compulsive disorder, posttraumatic stress disorder, acute
stress disorder, generalized anxiety disorder, separation anxiety disorder, substance-induced
anxiety disorder, and anxiety disorder not otherwise specified.

[0084]  According to another embodiment, the present compounds are useful for treating
bipolar disorders. Such bipolar disorders include bipolar I disorder, bipolar II disorder, and
cyclothymic disorder; bipolar mania, dementia, and depression with psychotic features. The
present compounds are also useful for treating (including the preventing) of cycling that may
ocour between bipolat depréssion and bipolar mania;

[0085] A more complete description of the aforementioned mental disorders can be found
in the Diagnostic and Statistical Manual of Mental Disorders, 4™ edition, Washington, DC,
American Psychiatric Association (1994), incorporated herein by reference in its entirety.
[0086] In certain embodiments, compounds of the present invention are administered in
combination with one or more anti-psychotic agents. Such anti-psychotic agents are well
known in the art and include clozapine (e.g., Clozaril®), risperidone (e.g., Risperidal®),
olanzapine (e.g., Zyprexa®), quetiapine (e.g., Seroquel®), ziprasidone (e.g., Geodon®),
aripiprazole, amisulpiride, chlorpromazine, fluphenazine, haloperidol (e.g., Haldol®),
loxapine, mesoridazine, molindone, perphenazine, pimozide, seroquel, sulpiride, thioridazine,
thiothixene, trifluoperazine, and bifeprunox to name a few.

[0087] The combination of a compound of the present invention with one or more anti-
psychotic agents is useful for treating schizophrenia including paranoid type, disorganized
type, catatonic type, and undifferentiated type, schizophreniform disorder, schizoaffective
disorder, delusional disorder, substance-induced psychotic disorder, and psychotic disorder
not otherwise specified; L-DOPA-induced psychosis; psychosis associated with Alzheimer’s
dementia; psychosis associated with Parkinson’s disease; psychosis associated with Lewy
body disease; bipolar disorders such as bipolar I disorder, bipolar II disorder, and
cyclothymic disorder; bipolar mania, dementia, and depression with psychotic features. In
some embodiments, these combinations are useful in the treatment of bipolar disorder,

including for example treating the cycling between bipolar depression and bipolar mania.
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[0088]  In other embodiments, administration of a compound of the present invention with
an anti-psychotic agent provide anti-psychotic benefits while eliminating or minimizing
certain side affects (e.g., akathisia, dystonia, Parkinsonism dyskinesia and late dyskinesia and
the like) typically observed when the anti-psychotic agent(s) is/are taken alone.

[0089] In other embodiments, compounds of the present invention are useful for treating
one or more depressive disorders such as major depressive disorder, seasonal affective
disorder, dysthymic disorder, substance-induced mood disorder, depressive disorder not
otherwise specified, and treatment resistant depression.

[0090]  Another aspect of the present invention provides a method for treating one or
more mood episodes such as major depressive episode, manic episode, mixed episode, and
hypomanic episode; and adjustment disorders such as adjustment disorders with anxiety
~ and/or depressed mood.

[0091] Compounds of the present invention are also useful for treating symptoms related
to depressive disorders including somatic symptoms such as neuropathic pain and sexual
dysfunction, Other somatic symptoms include hopelessness, helplessness, anxiety and
worries, memory complaints with or without objective signs of cognitive impairment, loss of
feeling of pleasure (anhedonia), slowed movement, irritability, and lack of interest in
personal care, such as poor adherence to medical or dietary regimens.

[0092] In certain embodiments, the present invention provides a method of treating
sexual dysfunction related to depression. In other embodiments, the present invention
provides a method of treating sexual dysfunction associated with administering a serotonin
reuptake inhibitor (SRI) for treating a depressive or other disorder. Such methods of treating
sexual dysfunction are described in detail below.

[0093] In certain embodiments, compounds of the present invention are administered in
combination with one or more antidepressive agents. Suitable antidepressant agents include,
for example, serotonin reuptake inhibitors (SRIs), norepinephrine reuptake inhibitors (NRIs),
combined serotonin- norepinephrine reuptake inhibitors (SNRIs), monoamine oxidase
inhibitors. (MAOIs), reversible inhibitors of monoamine oxidase (RIMAs),
phosphodiesterase-4 (PDE4) inhibitors, corticotropin releasing factor (CRF) antagonists,
alpha-adrenoreceptor antagonists or other compounds including atypical antidepressants.
Additional antidepressants for administering in combination with compounds of the present
invention include triple uptake inhibitors such as DOV 216303 and DOV 21947; melatonin
agonists such as agomelotine, super neurotransmitter uptake blockers (SNUBs; e.g., NS-2389
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from GlaxoSmithKline and Neurosearch; (R)-DDMA from Sepracor), and/or substance
P/neurokinin receptor antagonists (e.g., aprepitant/MK-869 from Merck; NKP-608 from
Novartis; CPI-122721 from Pfizer; R673 from Roche; TAK637 from Takeda; and GW-97599
from GlaxoSmithKline).

[0094]  Another class of antidepressant agents for administering in combination with
compounds of the present invention are noradrenergic and specific serotonergic
antidepressants (NaSSAs). A suitable example of a NaSSA is mirtazepine.

[0095]  Suitable NRIs for administering in combination with compounds of the present
invention include tertiary amine tricyclics and secondary amine tricyclics. Suitable examples
of tertiary amine ftricyclics include: amitriptyline, clomipramine, doxepin, imipramine (See

United States Patent 2,554,736, incorporated herein by reference in its entirety) and

trimipramine, and pharmaceutically acceptable salts thereof. Suitable examples of secondary ™~

amine tricyclics include: amoxapine, desipramine, maprotiline, nortriptyline and
protriptyline, and pharmaceutically acceptable salts thereof.

[0096]  Another NRI for administering in combination with compounds of the present
invention is reboxetine (Edronax ; 2-[.alpha.-(2-ethoxy)phenoxy-benzyljmorpholine,
usually administered as the racemate; See United States Patent. 4,229,449, incorporated
herein by reference in its entirety).

[0097] Suitable SSRIs for administering in combination with compounds of the present
invention include: citalopram (1-[3-(dimethylamino)propyl]-(4-fluorophenyl)-1,3-dihydr-o0-5-
isobenzofurancarbonitrile; See United States Patent 4,136,193; Christensen et al., Eur. J.
Pharmacol. 41:153, 1977; Dufour et al, Int. Clin. Psychopharmacol. 2:225, 1987,
Timmerman et al., ibid., 239, each of which is incorporated herein by reference in its
entirety); fluoxetine (N-methyl-3-(p-triflnoromethylphenoxy)-3-phenylpropylamine,
marketed in the hydrochloride salt form and as the racemic mixture of its two isoforms; see,
for example, United States Patent 4,314,081; Robertson et al., J. Med. Chem. 31:1412, 1988,
each of which is incorporated herein by reference); fluoxetine/olanzapine in combination;;
fluvoxamine (5-methoxy-1-[4-(trifluoromethyl)phenyl]-1-pentanone O-(2-aminoethyl)oxime;
See United States Patent 4,085,225; Claassen et al., Brit. J. Pharmacol. 60:505, 1977; De
Wilde et al., J Affective Disord. 4249, 1982; Benfield et al., Drugs 32:313, 1986, each of
which is incorporated herein by reference in its entirety); paroxetine (trans-(-)-3-[(1,3-
benzodioxol-5-yloxy)methyl]-4-(4-fluo- rophenyl)piperidine; See United States Patent
3,912,743; United States Patent 4,007,196; Lassen, Eur. J. Pharmacol. 47:351, 1978; Hassan

Page 43 0of 193

oL



n“ﬂR7

WO 2006/116158 PCT/US2006/015201

et al., Brit. J. Clin. Pharmacol, 19:705, 1985; Laursen et al., Acta Psychiat. Scand. 71:249,
1985; Battegay et al., Neuropsychobiology 13:31, 1985, each of which is incorporated herein
by reference in its entirety); sertraline, (1S-cis)-4~(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-N-
methyl-1-naphthylamine hydrochloride; See United States Patent 4,536,518, incorporated
herein by reference in its entirety); escitalopram (see United States Patent RE34,712); and
pharmaceutically acceptable salts thereof.

[0098]  Suitable MAOIs for administering in combination with compounds of the present
invention include: isocarboxazid, phenelzine, selegiline and tranylcypromine, and
pharmaceutically acceptable salts thereof.

[0099] Suitable reversible MAOIs for administering in combination with compounds of
the present invention include: moclobemide  (4-chloro-N-[2-(4-morpholinyl)-
cthyl]Jbenzamide; See United States Patent 4,210,754, incorporated herein by reference in its
entirety), selegiline, and pharmaceutically acceptable salts thereof.

[00100] Suitable SNRIs for administering in combination with compounds of the present
invention include venlafaxine (see United States Patent 4,535,186, incorporated herein by
reference in its entirety; see also United States Patents 5,916,923, 6,274,171, 6,403,120,
6,419,958, 6,444,708, each of which is incorporated herein by reference in its entirety), and
pharmaceutically acceptable salts and analogs, including the O-desmethylvenlafaxine
succinate salt; milnacipran (N,N-diethyl-2-aminomethyl-1-phenylcyclopropanecarboxamide;
see United States Patent 4,478,836; Moret et al., Neuropharmacology 24:1211-19, 1985, each
of which is incorporated herein by reference in its entirety); mirtazapine (see, for example,
United States Patent 5,178,878, the entire contents of which are incorporated herein by
reference); nefazodone (available from Bristol Myers Squibb and Dr. Reddy Labs Inc.);
duloxetine; and pharmaceutically acceptable salts thereof.

[00101] Suitable CRF antagonists for administering in combination with compounds of the
present invention include those compounds described in International Patent Specification
Nos. WO 94/13643, WO 94/13644, WO 94/13661, WO 94/13676 and WO 94/13677.

[00102] Suitable atypical antidepressants for administering in combination with
compounds of the present invention include: bupropion (Wellbutrin™;  (+-.)-1-(3-
chlorophenyl)-2-[(1,1-dim- ethylethyl)amino]-1-propanone), lithium, nefazodone, trazodone
and viloxazine, and pharmaceutically acceptable salts thereof. Another suitable atypical

antidepressant is sibutramine.
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[00103] Particular antidepressants for administering in combination with compounds of
the present invention include, but are not limited to, adinazolam, alaproclate, alnespirone,
amineptine, amitriptyline, amitriptyline/chlordiazepoxide ~combination, amoxapine,
aprepitant, atipamezole, azamianserin, bazinaprine, befuraline, bifemelane, binodaline,
bipenamol, brofaromine, buproprion, caroxazone, cericlamine, cianopramine, cimoxatone,
citalopram, clemeprol, clomipramine, clovoxamine, dazepinil, deanol, demexiptiline,
desipramine, O-desmethylvenlafaxine, ~dibenzepin, dothiepin, doxepin, droxidopa,
duloxetine, elzasonan, enefexine, eptapirone, escitalopram, estazolam, etoperidone,
femoxetine, fengabine, fezolamine, fluotracen, fluoxetine, fluvoxamine, gepirone, idazoxan,
imipramine, indalpine, indeloxazine, iprindole, isocarboxazid, levoprotiline, litoxetine,

lofepramine, maprotiline, medifoxamine, metapramine, metralindole, mianserin, milnacipran,

minaprine, mirtazapine, “moclobemide, montirelin,” nébracetam, " nefopam, nefozodine,”

nemititide, nialamide, nomifensine, norfluoxetine, nortriptyline, orotirelin, oxaflozane,
paroxetine, pheneizine, pinazepam, pirlindone, pizotyline, protryptiline, reboxetine,
ritanserin, robalzotan, rolipram, selegiline, sercloremine, sertraline, setiptiline, sibuh'amine,
sulbutiamine, sulpiride, sunepitron, teniloxazine, thozalinone, thymoliberin, tianeptine,
tiflucarbine, tofenacin, tofisopam, toloxatone, tomoxetine, tranylcypromine, trazodone,
trimiprimine, venlafaxine, veralipride, vilazodone, viloxazine, viqualine, zimelidine and
zometrapine, and pharmaceutically acceptable salts thereof, and St. John's wort herb, or
Hypencuin perforatum, or extracts thereof.

[00104] Suitable classes of anti-anxiety agents for administering in combination with
compounds of the present invention include 5-HTia agonists or antagonists, especially 5-
HTy, partial agonists, neurokinin recepter (NK) antagonists (e.g., saredutant and osanetant)
and corticotropin releasing factor (CRF) antagonists. Suitable 5-HTa receptor agonists or
antagonists that may be used in the present invention include, in particular, the 5-HTia
receptor partial agonists buspirone, flesinoxan, gepirone and ipsapirone, and
pharmaceutically acceptable salts thereof. An example of a compound with 5-HTja receptor
antagonist/partial agonist activity is pindolol. New 5HT;s agonists variza, alnespirone,
gepirone, sunepitron, MKC242, vilazodone, eptapirone, and ORG12962 from Organon; new
5HT)4 antagonists such as robalzotan; new 5-HTip agonists such as elzasonan; new SHT,
antagonists such as YM-992 (from Yamanouchi Pharmaceuticals) and nemifitide.

[00105] According to the present invention, the inventive combinations may be

administered in conjunction with one or more other agents that is useful in treating depression
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or other mood disorders. Alternatively or additionally, inventive combinations may be
administered with one or more other pharmaceutical agents active in treating any other
symptom or medical condition present in the mammal that is related or unrelated to the
depression or mood disorder being experienced by the mammal. Examples of such
pharmaceutical agents include, for example, anti-angiogenic agents, anti-neoplastic agents,
anti-diabetic agents, anti-infective agents, pain-relieving agents, anti-psychotic agents,
gastrointestinal agents, etc., or combinations thereof. Other pharmaceutical agents useful in
the practice of the present invention include, for example, adjunctive therapies typically used
to enhance the effects of an antidepressant. Such adjunctive agents may include, for instance,
mood stabilizers (e.g., lithium, valproic acid, carbamazepine, etc.); pindolol, stimulants (e.g.,
methylphenidate, dextroamphetamine, etc.); or thyroid augmenting agents (e.g., T3); anti-
psychotics, anti-anxiety agents (e.g., benzodiazepines), and/or agents that relieve sexual
dysfunction (e.g., buspirone, which also has anti-anxiety effects; dopaminergic agents such as
amantadine, pramipexole, bupropion, etc.).

[00106] As 5-HT»¢ modulators, compounds of the present invention are useful for treating
a variety of disorders. Such disorders include premenstrual syndrome (PMS), premenstrual
dysphoric disorder (PMDD), motion or motor disorders such as Parkinson’s disease; chronic
fatigue syndrome, anorexia nervosa, disorders of sleep (e.g., sleep apnea), and mutism.
[00107] Premenstrual dysphoric disorder, or PMDD, is a severe form of PMS. Like PMS,
PMDD typically occurs the week before the onset of menstruation and disappears a few days
after. PMDD is characterized by severe monthly mood swings and physical symptoms that
interfere with everyday life, especially a woman’s relationships with her family and friends.
PMDD symptoms go far beyond what are considered manageable or normal premenstrual
symptoms.

[00108] PMDD is a combination of symptoms that may include irritability, depressed
mood, anxiety, sleep disturbance, difficulty concentrating, angry outbursts, breast tenderness
and bloating. The diagnostic criteria emphasize symptoms of depressed mood, anxiety, mood
swings or irritability. The condition affects up to one in 20 American women who have
regular menstrual periods. According to another embodiment, the present invention provides
a method for treating one or more symptoms associated with PMDD.

[00109] Selective serotonin reuptake inhibitors (SSRIs) are the current preferred method
for treating symptoms associated with PMDD. According to another aspect, the present

invention provides a method for treating PMDD, or one or more symptoms associated with
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PMDD, by administering a compound of formula I in combination with an SSRI. In certain
embodiments, the SSRI is fluoxetine, venlafaxine, paroxetine, duloxetine, or sertraline.
[00110] According to another embodiment, compounds of the present invention are useful
for treating a variety of eating disorders. In certain embodiments, the eating disorder is
hyperphagia, bulimia or anorexia nervosa. In certain embodiments, compounds of the
present invention are useful for treating gastrointestinal disorders, such as malfunction of
gastrointestinal motility or intestinal propulsion. Compounds of the present invention are
also useful in connection with weight loss or control (e.g., reduction in calorie or food
intake, and/or appetite suppression). Such methods are particularly useful for treating
obesity with its consequent comorbidities including diabetes insipidus, Type II diabetes,
cardiovascular disease, hypertension, hyperlipidemia, stroke, osteoarthritis, sleep apnea, gall
bladder disease, gout, some cancers, some infertility, and early mortality.- - -~ - -

[00111] In certain embodiments, compounds of the present invention are administered in

combination with one or more anti-obesity agents. Such anti-obesity agents are known in the

art and include apolipoprotein-B secretion/microsomal triglyceride transfer protein (apo-
B/MTP) inhibitors, 11p -hydroxy steroid dehydrogenase-1 (11(B-HSD type 1) inhibitors,
PYY;.36 and analogs thereof, MCR-4 agonists, cholecystokinin-A (CCK-A) agonists,
monoamine reuptake inhibitors (such as sibutramine), sympathomimetic agents, R3
adrenergic receptor agonists, dopamine agonists (such as bromocriptine), melanocyte-
stimulating hormone receptor analogs, cannabinoid 1 receptor antagonists (e.g., rimonabant),
melanin concentrating hormone antagonists, leptins (the OB protein), leptin analogs, leptin
receptor agonists, galanin antagonists, lipase inhibitors (such as tetrahydrolipstatin, i.e.
orlistat), anorectic agents (such as a bombesin agonist), Neuropeptide-Y receptor antagonists,
thyromimetic agents, dehydroepiandrosterone or an analog thereof, glucocorticoid receptor
agonists or antagonists, orexin receptor antagonists, urocortin binding protein antagonists,
- glucagon-like peptide-1 receptor agonists, ciliary neurotrophic factors (such as Axokine™),
human agouti-related proteins (AGRP), ghrelin receptor antagonists, histamine 3 receptor
antagonists or inverse agonists, and neuromedin U receptor agonists.

[00112] In other embodiments, a compound of the present invention is administered in
combination with an anti-obesity agent selected from orlistat, sibutramine, bromocriptine,
ephedrine, leptin, rimonabant, pseudoephedrine, PYY3.36 or an analog thereof, and 2-oxo-
N-(5-phenyipyrazinyl)spiro-[isobenzofuran-1(3H),4 -piperidine]-1 -carboxamide. According
to another aspect of the invention, a compound of the present invention is administered in
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combination with an anti-obesity agent in conjunction with typical treatments for obesity
such as exercise and a sensible diet.

[00113] According to another embodiment, a compound of the present invention is
administered in combination with one or more agents for treating diabetes and associated
conditions. In certain embodiments, a compound of the present invention is administered in
combination with one or more such agents including insulin and insulin analogs (e.g., LysPro
Insulin); GLP-1 (7-37) (insulinotropin) and GLP-1 (7-36)-NH,; sulfonylureas and analogs
thereof: chlorpropamide, glibenclamide, tolbutamide, tolazamide, acetohexamide,
Glypizide®, glimepiride, repaglinide, meglitinide; biguanides: metformin, phenformin,
buformin; “2-antagonists and imidazolines: midaglizole, isaglidole, deriglidole, idazoxan,

efaroxan, fluparoxan; other insulin secretagogues: linogliride, A-4166; glitazones:

" ciglitazone, Actos® T(pioglitazone),  englitazone, “troglitazone; ~darglitizone, "Avandia® ~

(BRL49653); fatty acid oxidation inhibitors: clomoxir, etomoxir; glucosidase inhibitors:
acarbose, miglitol, emiglitate, voglibose, MDL-25,637, camiglibose, MDL-73,945; 13-
agonists; BRL 35135, BRL 37344, RO 16-8714, ICI D7114, CL 316,243; or
phosphodiesterase inhibitors: L-386,398.

[00114]) In other embodiments, a compound of the present invention is administered in
combination with one or more lipid-lowering agents: benfluorex: vanadate and vanadium
complexes (e.g., Nagiivan®) and peroxovanadium complexes; amylin antagonists; glucagon
antagonists; gluconeogenesis inhibitors; somatostatin analogs; antilipolytic agents: nicotinic
acid, acipimox, WAG 994, pramlintide (Symlin” ), AC 2993, nateglinide, aldose reductase
inhibitors (e.g., zopolrestat), glycogen phosphorylase inhibitors, sorbitol dehydrogenase
inhibitors, sodium-hydrogen exchanger type 1 (NNE-1) inhibitors and/or cholesterol
biosynthesis inhibitors or cholesterol absorption inhibitors, especially a HMG-CoA reductase
inhibitor, or a HMG-CoA synthase inhibitor, or a HMG-CoA reductase or synthase gene
expression inhibitor, a CETP inhibitor, a bile acid sequesterant, a fibrate, an ACAT inhibitor,
a squalene synthetase inhibitor, or an anti-oxidant. In other embodiments, a compound of the
present invention is administered in combination with one or more naturally occurring
compounds that acts to lower plasma cholesterol levels. Such naturally occurring compounds
are commonly referred to as nutraceuticals and include, for example, garlic extract, Hoodia
plant extracts, and niacin.

[00115] In certain embodiments, compounds of the present invention are useful for

inducing, assisting or maintaining desirable bladder control in a mammal. The methods are
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particularly useful for treating a mammal that is experiencing or susceptible to bladder
instability or urinary incontinence. Inventive methods include prevention, treatment or
inhibition of bladder-related urinary conditions and bladder instability, including idiopathic
bladder instability, nocturnal enuresis, nocturia, voiding dysfunction and urinary incontinence
(including, for example, stress incontinence, urge incontinence, and/or mixed incontinence).
Also treatable or preventable by administration of a compound of this invention is bladder
instability secondary to prostate hypertrophy, as is a method for enhancing urethral tone and
reducing undesirable urine leakage even in an otherwise healthy person. For example, the
inventive methods are applicable to alleviating urine leakage often occurring in women
during the first year after childbirth,

[00116] In other embodiments, the present compounds are useful for treating urine
retention or detrusor sphinctor dyssynergia. “Patients suffering from urine retention include
those suffering from spinal cord injuries or male patients with benign prostatic hyperplasia.
[00117] According to the present invention, a compounds of the present invention is also
useful in promoting the temporary delay of urination whenever desirable. Such compounds
may be utilized in accordance with the present invention to stabilize the bladder in any
applicable context. Inventive methods therefore may be utilized to allow a recipient to
control the urgency and frequency of urination.

[00118] In some embodiments of the invention, compounds of the present invention are
administered to a mammal in need thereof for the treatment, prevention, inhibition and/or
amelioration of urge urinary incontinence (also known as bladder instability, neurogenic
bladder, voiding dysfunction, hyperactive bladder, detrusor overactivity, detrusor hyper-
reflexia or uninhibited bladder) or mixed urinary incontinence. Inventive uses include, but
are not limited to, those for bladder activities and instabilities in which the urinary urgency is
associated with prostatitis, prostatic hypertrophy, interstitial cystitis, urinary tract infections
or vaginitis. The methods of this invention may also be used to assist in inhibition or
correction of the conditions of Frequency-Urgency Syndrome, and lazy bladder, also known
as infrequent voiding syndrome.

[00119] Compounds of the present invention may also be used to treat, prevent, inhibit, or
limit the urinary incontinence, urinary instability or urinary urgency associated with or
resulting from administrations of other medications, including diuretics, vasopressin
antagonists, anticholinergic agents, sedatives or hypnotic agents, narcotics, alpha-adrenergic

agonists, alpha-adrenergic antagonists, or calcium channel blockers.
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[00120] Compounds of the present invention are useful for inducing or assisting in urinary
bladder control or preventing or treating the maladies described herein in humans in need of
such relief, including adult and pediatric uses. They may also be utilized for veterinary
applications, particularly including canine and feline bladder control methods. If desired, the
methods herein may also be used with farm animals, such as ovine, bovine, porcine and
equine breeds.

[00121] According to the present invention, compounds of the present invention may be
administered alone to modulate bladder activity, or alternatively may be administered in
combination with (whether simultaneously or sequentially) one or more other pharmaceutical
agents useful in the modulation of bladder activity. Alternatively or additionally, the

compounds of the present invention may be administered in combination with one or more

other pharmaceutical agents useful in the treatmeént or prevention ‘of one or more other -

symptoms, disorders, or diseases suffered by the individual in need of bladder activity
modulation.

[00122] Other pharmaceutical agents useful in the modulation of bladder activity, and
particularly for treatment, prevention, inhibition, and/or amelioration of urinary incontinence,
include, for example, desmopressin acetate (available as DDAVP® Nasal Spray and
DDAVP® tablets from Aventis Pharmaceuticals), as well as a desmopressin acetate rhinal
tube (available from Ferring Pharmaceuticals Inc.). Other products include, for example,
tolterodine tartrate (available as Detroltm tablets from Pharmacia & Upjohn), oxybutinin
chloride (available in the form of Ditropan® tablets and syrup and Ditropan XL.® extended
release tablets from ALZA Pharmaceuticals), propanthaline bromide (available in tablet form
from Roxane Laboratories, Inc.), hyoscyamine and hyoscyamine sulfate (available,
respectively, as Cystopaz® tablets and Cystopaz-M® timed release capsules from
PolyMedica Pharmaceuticals (U.S.A.), Inc.), hyoscyamine hydrobromide, flavoxate HCl
(available in Urispas® 100 mg tablets from ALZA Pharmaceuticals), imipramine HCI
(available in 10 mg, 25 mg and 50 mg tablets from Geneva Pharmaceuticals, Inc.),
phenylpropanolamine, midodrine HCl (available in 2.5 mg and 5 mg Proamatine® tablets
from Shire US Inc.), phenoxybenzamine HCl (available as Dibenzyline® capsules from
WellSpring Pharmaceuticals Corporation), and prazosin HCl (available in Minipress®
capsules from Pfizer Inc.). Each of these medicaments may be administered in the
pharmaceutically effective amounts and regimens known in the art, including those listed in
the Physicians’ Desk Reference, 55 Edition, 2001, published by Medical Economics
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Company, Inc. at Monvale, NJ 07645-1742, the relevant portions of which are incorporated
herein by reference,

[00123]  Yet other pharmaceutical agents that can act to modulate bladder activity include,
for example, other regulators of the SHT,c receptor. For example, United States Patent
Application 2004/0235856 (previously incorporated herein by reference in its entirety)
describes a variety of 5HT,c receptor modulators that are useful in accordance with the
practice of the present invention. Additional SHT¢ agonists are exemplified in Bishop et al.,
Expert Opin. Ther. Patent 13:1691-1705, 2003, the entire contents of which are incorporated
herein by reference.

[00124]  Still other pharmaceutical agents that can act to modulate bladder activity include,
for example, modulators of one or more KCNQ potassium channels. In some embodiments
" of the present invention, compoiinds of the present invention are administered in"conjunction
with one or more agonists of KCNQ 2/3 or KCNQ3/5. Such KCNQ modulators include, for
example, compounds described in United States Patent Number 5,384,330 and those
described in United States Patent Number 5,565,483, as well as those described in United
States Patent Application Number 2002/0183395; and United States Patent Application
Number 2004/0029949. The entire contents of each of these patents and patent applications
is incorporated herein by reference. In some embodiments of the present invention,
compounds of the present invention are administered with retigabine.

[00125] In some embodiments of the present invention, compounds of the present
invention are administered in conjunction with one or more compounds which act as
vasopressin agonists including, but not limited to those described in U.S. Patent No.
6,194,407 (Failli et al.), U.S. Patent No. 6,090,803 (Failli et al.), U.S. Patent No. 6,096,736
(Ogawa et al.), and U.S. Patent No. 6,096,735 (Ogawa et al.).

[00126] In general, it will often be desirable in accordance with the present invention to
administer one or more compounds of the present invention in conjunction with one or more
alpha-adrenergic receptor agonists and/or one or more other sympathomimetic drugs.

[00127] According to the present invention, compounds of formula I may be used to freat,
prevent, or alleviate dependence, withdrawal, or symptoms thereof for any of a variety of
substances including, for example, recreational substances (e.g., alcohol, tobacco [for
example, nicotine]), pharmacologic agents (e.g., pain relievers [for example, Vicodin®,

Lortab®, Lorcet®, Percocet®, Percodan®, Tylox®, Hydrocodone, OxyContin®, methadone,
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Tramadol, etc], tranquilizers, stimulants, or sedatives), and illicit drugs (e.g., marijuana,
heroine, cocaine, ecstasy, LSD, PCP, methamphetamine, etc.).

[00128] The term “substance abuse”, as used herein, may be defined with reference to
criteria set form in the Diagnostic and Statistical Manual of Mental Disorders, 4™ Ed. (1994)
(*DSM-IV™), which was prepared by the Task Force on Nomenclature and Statistics of the
American Psychiatric Association. A feature of substance abuse is a maladaptive pattern of
substance use manifested by recurrent and significant adverse consequences related to the
repeated use of substances. As recited in the DSM-IV, substance abuse is defined as
maladaptive pattern of substance abuse leading to clinically significant impairment or
distress, as manifested by one(or more) of the following, occurring within a 12-month period:
(1) recurrent substance use resulting in a failure to fulfill major role obligations at work,
school, or home; (2) recurrent substance use in situations in which-it is physically hazardous; -
(3) recurrent substance-related legal problems; and (4) continued substance use despite
having persistent or recurrent social or interpersonal problems cause or exacerbated by the
effects of the substance. In addition, the DSM-IV requires that the symptoms of substance
abuse do not meet the criteria for substance dependence.

[00129] The term “substance dependence”, as used herein, may be defined with reference
to criteria set form in the Diagnostic and Statistical Manual of Mental Disorders, 4™ Ed.
(1994) (“DSM-IV™), which was prepared by the Task Force on Nomenclature and Statistics
of the American Psychiatric Association. The criteria for substance dependence set forth in
DSM-IV is a pattern of substance use, leading to clinically significant impairment or distress
as manifested by at least three selected from the following group, occurring at any time
within the same twelve month period: (1) tolerance as defined by either (2) a need for
substantially increased amounts of the substance to achieve the desired effect; or (b)
substantially diminished effect with continued use of the same amount of the substance; (2)
withdrawal, as demonstrated by either (a) the characteristic withdrawal syndrome for the
specific substance; or (b) the same, or a closely related substance is taken to relieve or avoid
withdrawal symptoms; (3) the substance is often taken in larger amounts or over a longer
period then was intended; (4) there is a persistent desire or unsuccessful efforts to cut down
or control substance use; (5) a great deal of time is spent in activities to obtain the substance,
use the substance, or recover from its effects; (6) important social, occupational or
recreational activities are given up or reduced because of substance use; and (7) the substance

use is continued despite knowledge of having a persistent or recurrent physical or

Page 52 0f 193



an ?’2 6’/?,4’

WO 2006/116158 PCT/US2006/015201

psychological problem that is likely to have been caused or exacerbated by the substance.
Substance dependence can be with physiological dependence; that is evidence of tolerance or
withdrawal is present, or without physiological dependence, where no evidence of tolerance
or withdrawal is present. Four of the conditions set forth in DSM-IV include remission.
These types of remission are based on the interval of time that has elapsed since the cessation
of dependencies and whether there is continued presence of one or more of the symptoms
included in the criteria for dependencies.

[00130] In certain embodiments, compounds of the present invention are useful for
treating alcoholism (e.g., alcohol abuse, addiction and/or dependence including treatment for
abstinence, craving reduction and relapse prevention of alcohol intake) and/or tobacco abuse

(e.g., smoking addiction, cessation and/or dependence including treatment for craving

reduction and relap‘se‘p’revention of tobacco Sm()king)- T T Tt T oo

[00131] In evaluating substance abuse in accordance with the present invention, reference
may be made, for example, to the National Survey on Drug Use and Health (NSDUH), which
obtains information on nine different categories of illicit drug use: marijuana, cocaine, heroin,
hallucinogens, inhalants, and nonmedical use of prescription-type pain relievers,
tranquilizers, stimulants, and sedatives. In these categories, hashish is included with
marijuana, and crack is considered a form of cocaine. Several drugs are grouped under the
hallucinogens category, including LSD, PCP, peyote, mescaline, mushrooms, and "Ecstasy"
(MDMA). Inhalants include a variety of substances, such as amyl nitrite, cleaning fluids,
gasoline, paint, and glue. The four categories of prescription-type drugs (pain relievers,
tranquilizers, stimulants, and sedatives) cover numerous drugs available through prescriptions
and sometimes illegally "on the street." Methamphetamine is considered a type of stimulant.
Respondents are asked to report only uses of drugs that were not prescribed for them or drugs
they took only for the experience or fecling they caused. Over-the-counter drugs and
legitimate uses of prescription drugs are not included. NSDUH reports combine the four
prescription-type drug groups into a category referred to as "any psychotherapeutics."

[00132] The NSDUH categorizes alcohol abuse through use of questions about the
frequency of the consumption of alcoholic beverages, such as beer, wine, whiskey, brandy,
and mixed drinks. An extensive list of examples of the kinds of beverages covered is given to
respondents prior to the question administration. A "drink" is defined as a can or bottle of
beer, a glass of wine or a wine cooler, a shot of liquor, or a mixed drink with liquor in it.

Times when the respondent only had a sip or two from a drink are not considered as

Page 53 of 193



ﬂﬂn77

WO 2006/116158 PCT/US2006/015201

consumption. For this report, estimates for the prevalence of alcohol use are reported
primarily at three levels defined for both males and females and for all ages as follows:

Current use - At least one drink in the past 30 days (includes binge and heavy use).

Binge use - Five or more drinks on the same occasion at least once in the past 30 days
(includes heavy use).

Heavy use - Five or more drinks on the same occasion on at least 5 different days in the past
30 days

[00133] The NSDUH also characterizes the use of tobacco products, including cigarettes,
chewing tobacco, snuff, cigars, and pipe tobacco. For analytic purposes, data for chewing
tobacco and snuff are combined as “smokeless tobacco.” Cigarette use is defined as smoking
“part or all of a cigarette.” Questions to determine nicotine dependence among current
>cigarette smokers also are included in NSDUH. Nicotine dependence is based on criteria
from the Nicotine Dependence Syndrome Scale (NDSS) or the Fagerstrom Test of Nicotine
Dependence (FTND).

[00134] In other embodiments, compounds of the present invention are useful for treating
withdrawal from drug addiction including addiction to nicotine, alcohol, and other substances
of abuse. Individuals often suffer the symptoms of nicotine withdrawal as a consequence of
the discontinued use of tobacco in any form, including, but not limited to smoking of
cigarette, cigar, or pipe tobacco, or the oral or intranasal ingestion of tobacco or chewing
tobacco. Such oral or intranasal tobacco includes, but is not limited to snuff and chewing
tobacco. The cessation of nicotine use or reduction in the amount of nicotine use, is often
followed within 24 hours by symptoms including dysphoric, depressed mood; light-
headedness; insomnia; irritability, frustration or anger; anxiety; nervous tremor; difficulty
concenfrating; restlessness; decreased heart rate; increased appetite or weight gain; and the
craving for tobacco or nicotine. These symptoms often cause clinically significant distress or
impairment in social, occupational, or other important areas of functioning.

[00135] The discontinued or reduction in administration of an opioid, typically self-
administration, through injection or orally, through smoking or intranasal ingestion, often
results in the presence of a characteristic opioid withdrawal condition. This withdrawal
condition can also be precipitated by administration of an opioid antagonist such as naloxone
or naltrexone after opioid use. Opioid withdrawal is characterized by symptoms that are
generally opposite to the opioid agonist effects. These withdrawal symptoms may include
anxiety; restlessness; muscle aches, often in the back and legs; craving for opioids; irritability
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and increased sensitivity to pain; dysphoric mood; nausea or vomiting; lacrimation;
rhinorthoea; papillary dilation; piloerection; sweating; diarrhea; yawning; fever; and
insomnia. When dependence is on short-acting opioids, such as heroin, withdrawal symptoms
usually occur within 6-24 hours after the last dose, while with longer-acting opioids, such as
methadone, symptoms may take 2-4 days to emerge. These symptoms often cause clinically
significant distress or impairment in social, occupational or other important areas of
functioning. The present invention is most preferably used to alleviate one or more symptoms
attributed to opioid withdrawal when such symptoms are not due to a general medical
condition and are not better accounted for by another medical disorder.

[00136] The discontinued or reduction in use of ethanol (ethanol containing beverages)
results in the onset of ethanol withdrawal conditions. Ethanol withdrawal conditions are

characterized by symptoms that begin when blood concentrations of ethanol decline sharply, * -

within 4 to 12 hours after ethanol use has been stopped or reduced. These ethanol withdrawal
symptoms include craving for ethanol; autonomic hyperactivity (such as sweating or pulse
rate greater than 100); hand tremor; insomnia; nausea; vomiting; transient visual, tactile, or
auditory hallucinations or illusions; psychomotor agitation; anxiety; and grand mal seizures.
These symptoms often cause clinically significant distress or impairment in social,
occupational, or other important areas of functioning, The present invention is most
preferably used to alleviate one or more symptoms attributed to ethanol withdrawal when
such symptoms are not due to a general medical condition and are not better accounted for by
another medical disorder.

[00137] According to another embodiment, a compound of the present invention is
administered in combination with one or more agents useful for treating substance abuse. In
certain embodiments, a compound of the present invention is administered in combination
with one or more agents to treat tobacco abuse. Such agents include nicotine receptor partial
agonists bupropion hypochloride (ZybanTM) and nicotine replacement therapies.

[00138] According to yet another embodiment, a compound of the present invention is
administered in combination with one or more agents to treat alcoholism, such as opioid
antagonists (e.g., nalirexone, ReVia™), nalmefene, disulfiram (Antabuse™), and
acamprosate (Campral ™).

[00139] In certain embodiments, a compound is administered in combination with one or
more agents for reducing alcohol withdrawal symptoms such as benzodiazepines, beta-

blockers, clonidine, carbamazepine, pregabalin, and gabapentin (Neurontin™). In other
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embodiments of the invention, therapy utilizing compounds of the present invention is
administered concomitantly with, in connection with, and/or subsequent to an educational
and/or behavioral modification program to enhance continued abstinence from substance
dependence or abuse. The method of the present invention may be particularly useful in
treating symptoms of withdrawal often observed in rehabilitation or other treatment
programs. Therefore, the programs can be more effective by focusing on educational and
behavioral modification goals, further reducing the incidence of program non-completion.
[00140] In certain embodiments, compounds of the present invention are useful for
treating one or more intellectual deficit disorders comprising administering 2 compound of
the present invention. In other embodiments, such intellectual deficit disorders include
dementia, such as dementia of aging, vascular dementia, mild cognitive impairment, age-
~ related cognitive decline, and mild ‘neurocognitive ‘disorder; "Alzhéimér’s disease, and”
memory deficit, attention deficit disorders (ADD, also known as Attention Deficit
Hyperactivity Disorder or ADHD) in both children and adults. In certain embodiments, the
present invention provides a method of treating ADD and/or ADHD in a pediatric patient
comprising administering to said patient a compound of formula I or pharmaceutical
composition thereof.

[00141] In other embodiments, the present invention provides a method of treating one or
more cognition disorders. According to another aspect, the cognition disorder is a learning
disorder. Such learning disorders are known in the art and include autism, dyslexia,
Asperger’s syndrome, a neurobiological disorder similar to autism and characterized by
serious deficits in social and communication skills; specific learning disability, a disorder in
one or more of the basic psychological processes involved in understanding or in using
spoken or written language, which may manifest itself in an imperfect ability to listen, think,
speak, read, write, spell or to do mathematical calculations; dysgraphia, a disorder that causes
difficulty with forming letters or writing within a defined space; dyscalculia, a disorder that
causes people to have problems doing arithmetic and grasping mathematical concepts;
dyspraxia, a problem with the body’s system of motion that interferes with a person’s ability
to make a controlled or coordinated physical response in a given situation; visual perceptual
deficit, difficulty receiving and/or processing accurate information from the sense of sight,
although there is nothing wrong with vision; and auditory perceptual deficit, difficulty
receiving accurate information through auditory means, even though there is no problem with
hearing.
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[00142] In certain embodiments, the present invention provides a method for treating one
or more impulsivity disorders (e.g. borderline personality disorder), disruptive behavior
disorders, or impulse control disorders. In certain embodiments, the present invention
provides a method for treating Tourette's syndrome (T'S), an inherited, neurological disorder
characterized by repeated and involuntary body movements (tics) and/or uncontrollable vocal
sounds.

[00143] According to another aspect, the present invention provides a method for treating
one or more behavioral addictions and addictive disorders. Behavioral addictions and
addictive disorders result from the intoxication one senses from the release of brain
chemicals (e.g., serotonin, adrenaline, epinepherine, etc.) during certain activities. Such
disorders are known in the art and include gambling, sex addiction, eating disorders,
spending addiction, rage/anger, workaholism, exércise addiction, risk taking addictions, and
perfectionism to name a few.

[00144) In certain embodiments, a compound of the present invention is administered in
combination with one or more cognitive improvement agents. Such agents are well known in
the art and include donepezil hydrochloride (Aircept™) and other acetylcholinesterase
inhibitors; galantamine, neuroprotective agents (e.g., memantine); ADD/ADHD agents (e.g.,
methylphenidate (Ritalin™"), atomoxetine (Strattera™), methylphenidate, sustained release
(Concerta™) and amphetamine/dextroamphetamine (Adderall™),

[00145]  According to another aspect, the present invention provides a method for treating
sexual dysfunction comprising administering a compound of the present invention. In certain
embodiments, the sexual dysfunction is associated with a depressive disorder. In other
embodiments, the sexual dysfunction is associated with treatment of a disorder by
administration of a serotonin reuptake inhibitor. Compounds of the present invention are
useful for treating sexual dysfunction in the male and in the female. Such disorders include
male erectile dysfunction (MED) and female sexual dysfunction (FSD), e.g. female sexual
arousal disorder (F SAD).

[00146] In other embodiments, the present invention provides a method for treating one or
more disorders associated with sexual dysfunction including: HSDD, characterized by a
deficiency, or absence of, sexual fantasies and desire for sexual activity; FSAD, characterized
by a persistent or recurrent inability to attain, or to maintain until completion of the sexual
activity, an adequate lubrication-swelling response of sexual excitement; FOD characterized

by persistent or recurrent delay in, or absence of, orgasm following a normal sexual
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excitement phase; Sexual Pain Disorders such as dyspareunia and vaginismus; and/or
HSDD characterized by a woman who has no or little desire to be sexual, and has no or few
sexual thoughts or fantasies.

[00147] According to another embodiment, a compound of the present invention is
administered in combination with one or more agents for treating male sexual dysfunction
(e.g., male erectile dysfunction). Such agents are known in the art and include a
dopaminergic agent (e.g. D2, D3 or D4 agonists and apomorphine); an NPY (neuropeptide
Y) (preferably an NPY-1 and/or NPY-5 inhibitor); a melanocortin receptor agonist or
modulator or melanocortin enhancer; an NEP inhibitor; a PDE inhibitor (preferably, a
c¢GMP PDE-5 inhibitor); a bombesin receptor antagonist or modulator, and a soluble secreted
endopeptidase inhibitor (SEPi). In certain embodiments, a compound of the present
*‘invention is administered in combination with one or more agents for teating male Sexual ~ =~ = -
dysfunction such as alprostadil or sildenafil.

[00148] According to yet another embodiment, a compound of the present invention is
administered in combination with one or more agents for treating female sexual dysfunction.
Such agents are known in the art and include estrogen receptor modulators (e.g., estrogen
agonists and/or estrogen antagonists); testosterone replacement agents, testosternone
(Tostrelle), dihydrotestosterone, dehydroepiandrosterone (DHEA), a testosterone implant;
eg dehydroandrostendione, estrogen, estrogen, medroxyprogesterone, medroxyprogesterone
acetate (MPA), a combination of estrogen and a methyl testosterone hormone replacement
therapy agent; Premarin, Cenestin, Oestrofeminal, Equin, Estrace, Estrofem, Elleste Solo,
Estring, Eastraderm TTS, Eastraderm Matrix, Dermestril, Premphase, Preempro, Prempak,
Premique, Estratest, Estratest HS, Tibolone, a dopaminergic agent; eg apomorphine or a
selective D2, D3 or D2/Dsagonist such as, pramipexole and ropirinol, a NPY (neuropeptide
Y) inhibito; eg a NPY (neuropeptide Y) inhibitor such as a NPY1 or NPYS5 inhibitor,
preferably NPY1 inhibitor, a melanocortin receptor modulator or a melanocortin enhancer;
eg melanotan II, PT-14, PT-141, a NEP (neutral endopeptidase) inhibitor; a PDE
(phosphodiesterase) inhibitor; eg sildenafil, and/or a bombesin receptor modulator.

[00149] According to the present invention, compounds of the present invention are useful
for treating any of a variety of different types of pain experienced by mammals, such as
humans. For example, the compounds of the present invention may be used to treat acute
pain (short duration) or chronic pain (regularly reoccurring or persistent), whether ceniralized

or peripheral.
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[00150] Examples of pain that can be acute or chronic and that can be treated in
accordance with the methods of the present invention include inflammatory pain,
musculoskeletal pain, bony pain, lumbosacral pain, neck or upper back pain, visceral pain,
somatic pain, neuropathic pain, cancer pain, pain caused by injury or surgery such as burn
pain, or headaches such as migraines or tension headaches, or combinations of these pains.
One skilled in the art will recognize that these pains may overlap one another. For example,
a pain caused by inflammation may also be visceral or musculoskeletal in nature.

[00151] In one embodiment of the present invention, one or more compounds of the
present invention is/are administered in mammals to treat chronic pain such as neuropathic
pain associated for example with damage to or pathological changes in the peripheral or

central nervous systems; cancer pain; visceral pain associated with for example the

with for example the lower or upper back, spine, fibromylagia, temporomandibular joint, or
myofascial pain syndrome; bony pain associated with for example bone or joint degenerating
disorders such as osteoarthritis, rheumatoid arthritis, or spinal stenosis; headaches such
migraine or tension headaches; or pain associated with infections such as HIV, sickle cell
anemia, autoimmune disorders, multiple sclerosis, or inflammation such as osteoarthritis or
rheumatoid arthritis.

[00152] In some embodiments, the compounds of the present invention are used to treat
chronic pain that is neuropathic pain, visceral pain, musculoskeletal pain, bony pain,
headache, cancer pain or inflammatory pain or combinations thereof, in accordance with the
methods described herein. Inflammatory pain can be associated with a variety of medical
conditions such as osteoarthritis, rheumatoid arthritis, surgery, or injury. Neuropathic pain
may be associated with for example diabetic neuropathy, peripheral neuropathy, post-herpetic
neuralgia, trigeminal neuralgia, lumbar or cervical radiculopathies, fibromyalgia,
glossopharyngeal neuralgia, reflex sympathetic dystrophy, casualgia, thalamic syndrome,
nerve root avulsion, or nerve damage cause by injury resulting in peripheral and/or central
sensitization such as phantom limb pain, reflex sympathetic d)}strophy or postthoracotomy
pain, cancer, chemical injury, toxins, nufritional deficiencies, or viral or bacterial infections
such as shingles or HIV, or combinations thereof. Inventive treatment methods further
include treatments in which the neuropathic pain is a condition secondary to metastatic

infiltration, adiposis dolorosa, burns or central pain conditions related to thalamic conditions.
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[00153] Neuropathic pains described above may also be, in some circumstances, classified
as “painful small fiber neuropathies” such as idiopathic small-fiber painful sensory
neuropathy, or “painful large fiber neuropathies” such as demylinating neuropathy or axonal
neuropathy, or combinations thereof. Such neuropathies are described in more detail, for
example, in the J. Mendell et al., N. Engl. J. Med. 2003, 348:1243-1255, which is hereby
incorporated by reference in its entirety.

[00154] In another embodiment, the compounds useful in the present invention may be
administered to totally or partially inhibit a neuropathic pain condition from developing. For
example, compounds of the present invention may be administered to a mammal who is at
risk for developing a neuropathic pain condition such as a mammal who has contracted
shingles or a mammal who is being treated for cancer.

- [00155]  In one embodiment, the compounds useful in the present” invenfion may be
administered prior to or during a surgical procedure to partially or totally inhibit development
of pain associated with the surgical procedure.

[00156] As mentioned previously, the methods of the present invention may be used to
treat pain that is somatic and/or visceral in nature. For example, somatic pain that can be
treated in accordance with the methods of the present invention includes pain associated with
structural or soft tissue injury experienced during surgery, dental procedures, burns, or
traumatic body injuries. Examples of visceral pain that can be treated in accordance with the
methods of the present invention include those types of pain associated with or resulting from
maladies of the internal organs such as ulcerative colitis, irritable bowel syndrome, irritable
bladder, Crohn’s disease, rheumatologic (arthralgias), tumors, gastritis, pancreatitis,
infections of the organs, or biliary tract disorders, or combinations thereof. One skilled in the
art will also recognize that the pain treated according to the methods of the present invention
may also be related to conditions of hyperalgesia, allodynia, or both. Additionally, chronic
pain to be treated in accordance with the present invention may be with or without peripheral
or central sensitization.

[00157] The present invention also provides use of the compounds of the present invention
to treat acute and/or chronic pains associated with female conditions, which may also be
referred to as female-specific pain. Such types of pain include those that are encountered
solely or predominately by females, including pain associated with menstruation, ovulation,
pregnancy or childbirth, miscarriage, ectopic pregnancy, retrograde menstruation, rupture of a

follicular or corpus luteum cyst, irritation of the pelvic viscera, uterine fibroids, adenomyosis,
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endometriosis, infection and inflammation, pelvic organ ischemia, obstruction, intra-
abdominal adhesions, anatomic distortion of the pelvic viscera, ovarian abscess, loss of pelvic
support, tumors, pelvic congestion or referred pain from non-gynecological causes.

[00158] In certain embodiments, a compound of the present invention is administered in
combination with a pain relieving agent. Examples of pain relieving agents that may be
administered with compounds of the present invention include, but are not limited to,
analgesics such as non-narcotic analgesics or narcotic analgesics; anti-inflammatory agents
such as non-steroidal anti-inflammatory agents (NSAIDs), steroids or anti-rheumatic agents;
migraine preparations such és beta adrenergic blocking agents, ergot derivatives, or
isometheptene; tricyclic antidepressants such as amitryptyline, desipramine, or imipramine;
anti-epileptics such as gabapentin, carbamazepine, topiramate, sodium valproate or
phenytoin; o, agonists; or selective serotonin reupfake inhibitors/selective norépinepherine
uptake inhibitors, or combinations thereof.

[00159] One skilled in the art will recognize that some agents described herein act to
relieve multiple conditions such as pain and inflammation, while other agents may just
relieve one symptom such as pain. A specific example of an agent having multiple properties
is aspirin, where aspirin is anti-inflammatory when given in high doses, but at lower doses is
just an analgesic. The pain relieving agent may include any combination of the
aforementioned agents, for example, the pain relieving agent may be a non-narcotic analgesic
in combination with a narcotic analgesic.

[00160] Non-narcotic analgesics useful in the practice of the present invention include, for
example, salicylates such as aspirin, ibuprofen (Motrin®, Advil®), ketoprofen (Orudis®),
naproxen (Naprosyn®), acetaminophen, indomethacin or combinations thereof. Examples of
narcotic analgesic agents that may be used in combination with compounds of the present
invention include opioid analgesics such as fentenyl, sufentanil, morphine, hydromorphone,
codeine, oxycodone, buprenorphine or pharmaceutically acceptable salts thereof or
combinations thereof. Examples of anti-inflammatory agents that may be used in
combination with compounds of the present invention include but are not limited to aspirin;
ibuprofen; ketoprofen; naproxen; etodolac (Lodine®); COX-2 inhibitors such as celecoxib
(Celebrex®), rofecoxib (Vioxx®), valdecoxib (Bextra®, parecoxib, etoricoxib (MK663),
deracoxib, 2-(4-ethoxy-phenyl)-3-(4-methanesulfonyl-phenyl)-pyrazolo[1,5-b] pyridazine, 4-
(2-0x0-3-phenyl-2,3-dihydrooxazol-4-yl)benzenesulfonamide, darbufelone, flosulide, 4-(4-
cyclohexyl-2-methyl-5-oxazolyl)-2-fluorobenzenesulfonamide), meloxicam, nimesulide, 1-
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Methylsulfonyl-4-(1,1-dimethyl-4-(4-fluorophenyl)cyclopenta-2,4-dien-3-yl)benzene, 4-(1,5-
Dihydro-6-fluoro-7-methoxy-3-(trifluoromethyl)-(2)-benzothiopyrano(4,3-c)pyrazol-1-
yD)benzenesulfonamide, 4,4-dimethyl-2-phenyl-3-(4-methylsulfonyl)phenyl)cyclo- butenone,
4-Amino-N-(4-(2-fluoro-5-trifluoromethyl)-thiazol-2-yl)-benzene  sulfonamide, 1-(7-tert-
butyl-2,3-dihydro-3,3-dimethyl-5-benzo-furanyl)-4-cyclopropyl  butan-1-one, or their
physiologically acceptable salts, esters or solvates; sulindac (Clinoril®); diclofenac
(Voltaren®); piroxicam (Feldene®); diflunisal (Dolobid®), nabumetone (Relefen®), oxaprozin
(Daypro®), indomethacin (Indocin®); or steroids such as Pediaped® prednisolone sodium
phosphate oral solution, Solu-Medrol® methylprednisolone sodium succinate for injection,
Prelone® brand prednisolone syrup.

[00161] Further examples of anti-inflammatory agents that may be used for treating pain,
for_e.xa-ﬁlpl—e. associated with rheumatoid arthritis, in accordance with the present invention
include naproxen, which is commercially available in the form of EC-Naprosyn® delayed
release tablets, Naprosyn®, Anaprox® and Anaprox® DS tablets and Naprosyn® suspension
from Roche Labs, Celebrex® brand of celecoxib tablets, Vioxx® brand of rofecoxib,
Celestone® brand of betamethasone, Cupramine® brand penicillamine capsules, Depen®
brand titratable penicillamine tablets, Depo-Medrol® brand of methylprednisolone acetate
injectable suspension, Arava™ leflunomide tablets, Azulfidine EN-tabs® brand of
sulfasalazine delayed release tablets, Feldene® brand piroxicam capsules, Cataflam®
diclofenac potassium tablets, Voltaren® diclofenac sodium delayed release tablets, Voltaren®-
XR diclofenac sodium extended release tablets, or Enbrel® etanerecept products.

[00162] Examples of yet other agents used to treat inflammations, especially theumatoid
arthritis, include immunosuppressants such as Gengraf™ brand cyclosporine capsules,
Neoral® brand cyclosporine capsules or oral solution, or Imuran® brand azathioprine tablets
or IV injection; Indocin® brand indomethacin capsules, oral suspension or suppositories;
Plaquenil® brand hydroxychloroquine sulfate; or Remicade® infliximab recombinant for IV
injection; or gold compounds such as auranofin or Myochrisyine® gold sodium thiomalate
injection.

[00163] In other embodiments, compounds of the present invention are useful for treating
one or more central nervous system deficiencies associated, for example, with trauma, stroke,
and spinal cord injuries, neurodegenerative diseases or toxic or infective CNS diseases (e.g.,
encephalitis or meningitis), or Parkinson’s disease. The compouﬁds of the present invention
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can therefore be used to improve or inhibit further degradation of central nervous system
activity during or following the malady or trauma in question. Included in these
improvements are maintenance or improvement in motor and motility skills, control,

coordination and strength.

. Pharmaceutically acceptable compositions
[00164] In other embodiments, the invention relates to compositions comprising at least
one compound of formula I, or a pharmaceutically acceptable salt thereof, and one or more
pharmaceutically acceptable carriers, excipients, or diluents. Such compositions include
pharmaceutical compositions for treating or controlling disease states or conditions of the
" central nérvous system. In cértain embodiments; the compositions-comprise-mixtures of one - - -
or more compounds of formula I.
[00165] In certain embodiments, the invention relates to compositions comprising at least
one compound of formula I, or a pharmaceutically acceptable salt thereof, and one or more
pharmaceutically acceptable carriers, excipients, or diluents. Such compositions are prepared
in accordance with acceptable pharmaceutical procedures, such as, for example, those
described in Remingtons Pharmaceutical Sciences, 17th edition, ed. Alfonoso R. Gennaro,
Mack Publishing Company, Easton, PA (1985), which is incorporated herein by reference in
its entirety. Pharmaceutically acceptable carriers are those carriers that are compatible with
the other ingredients in the formulation and are biologically acceptable.
[00166] The compounds of formula I can be administered orally or parenterally, neat, or in
combination with conventional pharmaceutical carriers. Applicable solid carriers can include
one or more substances that can also act as flavoring agents, lubricants, solubilizers,
suspending agents, fillers, glidants, compression aids, binders, tablet-disintegrating agents, or
encapsulating materials. In powders, the carrier is a finely divided solid that is in admixture
with the finely divided active ingredient. In tablets, the active ingredient is mixed with a
carrier having the necessary compression properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets preferably contain up to 99% of the
active ingredient, Suitable solid carriers include, for example, calcium phosphate,
magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl cellulose,
sodium carboxymethyl cellulose, polyvinylpyrrolidine, low melting waxes and ion exchange

resins.

Page 63 of 193



£ an

WO 2006/116158 PCT/US2006/015201

[00167] Liquid carriers can be used in preparing solutions, suspensions, emulsions, syrups
and elixirs. The active ingredient can be dissolved or suspended in a pharmaceutically
acceptable liquid carrier such as water, an organic solvent, a mixture of both, or a
pharmaceutically acceptable oil or fat. The liquid carrier can contain other suitable
pharmaceutical additives such as, for example, solubilizers, emulsifiers, buffers,
preservatives, sweeteners, flavoring agents, suspending agents, thickening agents, colors,
viscosity regulators, stabilizers or osmo-regulators. Suitable examples of liquid carriers for
oral and parenteral administration include water (particularly containing additives as above,
e.g. cellulose derivatives, preferably sodium carboxymethyl cellulose solution), alcohols
(including monohydric alcohols and polyhydric alcohols e.g. glycols) and their derivatives,
and oils (e.g. fractionated coconut oil and arachis oil). For parenteral administration, the
- carrier can also be an oily ester such as-ethyl oleate and isopropyl myristate. Sterile liquid
carriers are used in sterile liquid form compositions for parenteral administration. The liquid
carrier for pressurized compositions can be halogenated hydrocarbon or other
pharmaceutically acceptable propellant.

[00168] Liquid pharmaceutical compositions that are sterile solutions or suspensions can
be administered by, for example, intramuscular, intraperitoneal or subcutaneous injection.
Sterile solutions can also be administered intravenously.  Compositions for oral
administration can be in either liquid or solid form.

[00169] The compounds of formula I can be administered rectally or vaginally in the form
of a conventional suppository. For administration by intranasal or intrabronchial inhalation or
insufflation, the compounds of formula I can be formulated into an aqueous or partially
aqueous solution, which can then be utilized in the form of an aerosol. The compounds of
Formula 1 can also be administered transdermally through the use of a transdermal patch
containing the active compound and a carrier that is inert to the active compound, is non-
toxic to the skin, and allows delivery of the agent for systemic absorption into the blood
stream via the skin. The carrier can take any number of forms such as creams and ointments,
pastes, gels, and occlusive devices. The creams and ointments can be viscous liquid or
semisolid emulsions of either the oil-in-water or water-in-oil type. Pastes comprised of
absorptive powders dispersed in petroleum or hydrophilic petroleum containing the active
ingredient can also be suitable. A variety of occlusive devices can be used to release the

active ingredient into the blood stream such as a semipermeable membrane covering a
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reservoir containing the active ingredient with or without a carrier, or a matrix containing the
active ingredient. Other occlusive devices are known in the literature.

[00170] Preferably the pharmaceutical composition is in unit dosage form, e.g. as tablets,
capsules, powders, solutions, suspensions, emulsions, granules, or suppositories. In such
form, the composition is sub-divided in unit dose containing appropriate quantities of the
active ingredient; the unmit dosage forms can be packaged compositions, for example,
packeted powders, vials, ampoules, prefilled syringes or sachets containing liquids. The unit
dosage form can be, for example, a capsule or tablet itself, or it can be the appropriate
number of any such compositions in package form.

[00171] The amount of compound of formula I provided to a patient will vary depending
upon what is being administered, the purpose of the administration, such as prophylaxis or
therapy, the state of the pafient, the manner of administration, and the like. 'Iri therapeutic -
applications, compounds of formula I are provided to a patient suffering from a conciition in
an amount sufficient to treat or at least partially treat the symptoms of the condition and its
complications. - An amount adequate to accomplish this is a "therapeutically effective
amount" as described previously herein. The dosage to be used in the treatment of a specific
case must be subjectively determined by the attending physician. The variables involved
include the specific condition and the size, age, and response pattern of the patient. The
treatment of substance abuse follows the same method of subjective drug administration
under the guidance of the attending physician. Generally, a starting dose is about 5 mg per
day with gradual increase in the daily dose to about 1000 mg per day, to provide the desired

dosage level in the patient.

6. Combination with Other Agents
[00172] Compounds of formula I may be administered alone in order to treat various

disorders in accordance with the present invention, or may be combined with one or more
other pharmaceutical agents as described herein. Where the present invention involves
administration of two or more pbarmaceutical agents, the two or more agents may be
administered simultaneously (such as individually at the same time, or together in a
pharmaceutical composition), and/or successively with one another. In general, a compound
of formula I and the other pharmaceutical agent(s) are administered in a manner so that both

are present in the mammal body for a certain period of time to treat the disorder.
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[00173]  Also, the two or more pharmaceutical agents may be delivered via the same route
of administration or by different routes. Desirable routes of administration may well depend
upon the particular agent(s) chosen, many of which have recommended administration
route(s) known to those skilled in the art. For example, opioids are generally administered by
oral, intravenous, or intramuscular administration routes. Similarly, as is known in the art,
doses of pharmaceutical agents in a composition may be affected by administration route. In
general, pharmaceutical agents may be dosed and administered according to practices known
to those skilled in the art such as those disclosed in references such as the Physicians’ Desk
Reference, 55 Edition, 2001, published by Medical Economics Co., Inc., Montvale, NJ.

[00174] A more complete list of pharmaceutically active agents, including pain relieving
agents, can be found in the Physicians’ Desk Reference, 55 Edition, 2001, published by

Medical Economics Co., Inc., Montvale, NJ.” Each of these agents may be ddministered in™ -

conjunction with one or more comopunds of formula I according to the present invention.
For most or all of these agents, recommended effective dosages and regimes are known in the
art; many can be found in the above-referenced Physicians’ Desk Reference, 55 Edition,
2001, published by Medical Economics Co., Inc., Montvale, NJ.

[00175) In certain embodiments, the present invention is directed to prodrugs of
compounds of formula I. The term “prodrug,” as used herein, means a compound that is
convertible in vivo by metabolic means (e.g. by hydrolysis) to a compound of formula I.
Various forms of prodrugs are known in the art such as those discussed in, for example,
Bundgaard, (ed.), Design of Prodrugs, Elsevier (1985); Widder, et al. (ed.), Methods in
Enzymology, vol. 4, Academic Press (1985); Krogsgaard-Larsen, et al., (ed). “Design and
Application of Prodrugs, Textbook of Drug Design and Development, Chapter 5, 113-191
(1991), Bundgaard, et al., Journal of Drug Delivery Reviews, 8:1-38(1992), Bundgaard, J. of
Pharmaceutical Sciences, 77:285 et seq. (1988); and Higuchi and Stella (eds.) Prodrugs as
Novel Drug Delivery Systems, American Chemical Society (1975), each of which is hereby

incorporated by reference in its entirety.

EXAMPLES
[00176] As depicted in the Examples below, in certain exemplary embodiments,
compounds are prepared according to the following general procedures. It will be
appreciated that although the general methods depict the synthesis of certain compounds of

the present invention, the following general methods, in addition to the Schemes set forth
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above and other methods known to one of ordinary skill in the art, can be applied to all
compounds and subclasses and species of each of these compounds, as described herein.
[00177] The following examples illustrate the production of representative compounds of

this invention.

INTERMEDIATE 1
Toluene-4-sulfonic acid 8-hydroxy-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl ester: To a
solution of toluene-4-sulfonic acid 8-formyl-2,3-dihydrobenzo[1,4]dioxin-2-ylmethyl ester
(15.4 g, 44 mmol) in methylene chloride (500 mL) was added m-CPBA (77% max, 17.2 g) at
room temperature, The mixture was stirred at room temperature overnight. Then the mixture
was extracted with methylene chloride and saturated sodium bicarbor'lat-e.. ﬁe o;g;u{icmiéyér o
was washed with saturated sodium chloride and dried over anhydrous sodium sulfate and
filtered. The solvent was removed under vacuum afforded a crude oil. To the solution of the
crude oil in methanol (500 mL) was added basic aluminum oxide (50 g) at room temperature.
The mixture was stirred at room temperature overnight. Then the mixture was filtered
through a pad of celite and concentrated under the vacuum. Chromatography with methylene

chloride afforded 14.2 g (96%) of the title compound as a colorless oil.

INTERMEDIATE 2
Toluene-4-sulfonic acid-8-(trifluoromethyanesulfonyloxy)-2,3-dihydrobenzo-[1,4]dioxin-
2-ylmethyl ester: To a solution of toluene-4-sulfonic acid 8-hydroxy-2,3-dihydrobenzo-
[1,4]dioxin-2-ylmethyl ester (14.2 g, 42 mmol) in methylene chloride (500 mL) was added
diisopropylethylamine (13.0 g, 100 mmol) at 0 °C, followed by trifluoromethanesulfonic
anhydride (14.1 g, 50 mmol). The reaction mixture was stirred for 2 h at room temperature.
The reaction was quenched with water, and extracted with methylene chloride. The organic
layer was washed sequentially with 2N HCI, saturated sodium bicarbonate and brine. The
organic layer was dried over anhydrous sodium sulfate and filtered. The solvent was
evaporated under vacuum. Chromatography with 50% methylene chloride in hexanes
afforded the title compound 18.1 g (92%) as a white solid.

INTERMEDIATE 3
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(R)-Toluene-4-sulfonic acid 8-hydroxy-2-methyl -2,3-dihydrobenzo-[1,4]dioxin-2-
ylmethyl ester: To a solution of (R)-toluene-4-sulfonic acid 8-formyl-2-methyl-2,3-
dihydrobenzo[1,4]dioxin-2-ylmethyl ester (3.80 g, 10 mmol) in methylene chloride was
added m-CPBA (77% max, 6.0 g) at room temperature. The mixture was stirred at room
temperature overnight. Then the reaction was quenched with 10% sodium sulfite and 10%
sodium bicarbonate. The mixture was extracted with methylene chloride and washed with
water. The solvent was removed under vacuum afforded a crude cil. To the solution of the
crude oil in methanol was added sodium hydroxide (1.6 g, 40 mmol) at 0 °C. The mixture
was stirred at room temperature for 2 h. Then the mixture was neutralized with concentrated
hydrochloric acid and extracted with methylene chloride. The organic layer was washed with
water and dried over anhydrous sodium sulfate and filtered. The solvent was removed under
'vacuum. Chromatography with 20% ethyl acetate in hexanes afforded 3.32 g (90%) of the -
title compound as a white solid: mp 81.4-82.6 °C.
Elemental Anal. for C;7H;3O¢S
Theory: C, 58.27H, 5.18
Found: C, 58.42 H, 4.78

INTERMEDIATE 4
(R)-Toluene-4-sulfonic acid 2-methyl-8-trifluoromethyanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester: To a solution of (R)-toluene-4-sulfonic acid 8-
hydroxy-2-methyl-2,3-dihydrobenzo-{1,4]dioxin-2-ylmethyl ester (3.32 g, 9.5 mmol) in
methylene chloride (60 mL) was added trifluoromethanesulfonic anhydride (1.91 mL, 11.3
mmol) and diisopropylethylamine (2.71 mL, 14.0 mmol) at 0 °C. The reaction mixture was
stirred for 1 h at 0 °C and 2 h at room temperature. The reaction was quenched with water,
and extracted with methylene chloride. The organic layer was washed with water, dried over
anhydrous sodium sulfate and filtered. The solvent was evaporated under vacuum.
Chromatography with 20% ethyl acetate in hexanes afforded the title compound (4.30 g,
94%) as a colorless oil.
Elemental Anal. for CygH;7F303S,
Theory: C, 44.81 H, 3.55
Found: C,45.15H,3.43
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INTERMEDIATE 5
(R)-Toluene-4-sulfonic acid 6-chloro-8-propenyl-2, 3-dihydro-benzo[1,4]dioxin-2-
ylmethyl ester: To a solution of toluene-4-sulfonic acid 8-allyl-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (3.95 g, 10 mmol) in methylene chloride (150 mL) was
added dichlorobis(acetonitrile)palladium(Il) (0.52 g, 2 mmol). The resulting mixture was
refluxed overnight. The solvent was removed under vacuum. Chromatography with 5-20%

ethyl acetate in hexanes afforded 2.4 g (61%) of the title compound as a light yellow oil.

INTERMEDIATE 6
(R)-Toluene-4-sulfonic acid 6-chloro-8-hydroxy-2,3-dihydro-benzo[1,4]dioxin-2-
ylmethyl ester: To a solution of toluene-4-sulfonic acid 6-chloro-8-propenyl-2, 3-dihydro-

benzo[1,4])dioxin-2-ylmethyl ester (94 g,23.8 mmol) in THF (180-mL) and water (25 mL)

was added osmium tetroxide solution (4% in water, 5.0 mL) and sodium periodate (15.3 g,
71.4 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 2 h and poured in ice water.
The mixture was extracted with ethyl acetate and washed with water. The organic layer was
dried over anhydrous sodium sulfate and filtered. The solution was concentrated to provided
toluene-4-sulfonic acid 6-chloro-8-formyl-2,3-dihydro-benzo[1,4]dioxin-2-ylmethyl ester.
This was further treated with m-CPBA (77% max, 20.0 g) in methylene chloride (200 mL).
The resulting mixture was stirred at room temperature overnight and quenched with 1:1 10%
sodium sulfite in saturated sodium bicarbonate. The mixture was extracted with methylene
chloride and washed with water. The solvent was removed under vacuum afforded a crude
material as a light yellow oil. To a solution of the crude oil in methanol was added sodium
bicarbonate (5.0 g, 59.5 mmol) at room temperature. The mixture was. stirred at room
temperature for 2 h and the solvent was removed under vacuum. The mixture was extracted
with ethyl acetate and washed with water. The organic solvent was removed under vacuum,
Chromatography with 10-40% ethyl acetate in hexanes afforded 5.9 g (67% for 3 steps) of the

title compound as a colorless oil.

INTERMEDIATE 7
(R)-Toluene-4-sulfonic  acid  6-chloro-8-trifluoromethanesulfonyloxy-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester: To a solution of (R)-toluene-4-sulfonic acid 6-chloro-8-
hydroxy-2,3-dihydro-benzo[ 1,4]dioxin-2-ylmethyl esther (5.9 g, 15.9 mmol) in methylene
chloride (150 mL) was added trifluoromethanesulfonic anhydride (3.5 mL, 20.7 mmol),
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diisopropylethylamine (5.5 mL, 31.8 mmol) at 0 °C. The resulting mixture was stirred at
room temperature for 24 h. Then the reaction was quenched with ice water and extracted
with methylene chloride. The organic layer was washed with water and dried over anhydrous
sodium sulfate and filtered. The solvent was removed under vacuum. Chromatography with
5-30% ethyl acetate in hexanes afforded 7.6 g (95%) of the title compound as a white solid.

General procedure to generate biaryl derivatives from toluene-4-sulfonic acid 8-

triflaoromethanesulfonyloxy-2,3-dihydrobenzo[1,4]dioxin-2-ylmethyl ester:

[00178] To a solution of toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo[ 1,4]dioxin-2-ylmethyl ester (1.0 eq) and substituted benzene boronic acid (2
" eq) in DME-water (4/1) was added tetrakis(iriphenylphospine) palladium (0) (0.03 eg) and =~ ~
sodium carbonate (2.5 eq). The reaction mixture was heated at 80 °C until starting material
was gone, The mixture was filtered through the pad of celite and concentrated under

vacuum. Chromatography with 10 % ethyl acetate in hexanes afforded product as an oil.

[00179] Using the general procedures outlined above, Intermediates 8-41 can be prepared.

INTERMEDIATE 8

Toluene-4-sulfonic acid 8-(2-chlorophenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.235 g, 0.5 mmol) and 2-chlorobenzene boronic

acid, 142 mg (66%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 9
Toluene-4-sulfonic acid 8-(2-fluorophenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2-fluorobenzene boronic

acid, 410 mg (99%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 10
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Toluene-4-sulfonic acid 8-(2-methyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-{1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2-methylbenzene boronic

acid, 350 mg (85%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 11

Toluene-4-sulfonic acid 8-(2-trifluoromethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2-trifluoromethylbenzene

boronic acid, 440 mg (94%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 12
Toluene-4-sulfonic acid 8-(2-methoxy-phenyl)-2,3-dihydro-benzo(1,4]dioxin-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2-methoxybenzene boronic
acid, 350 mg (82%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 13
Toluene-4-sulfonic acid 8-(2, 3-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,3-dichlorobenzene boronic
acid, 350 mg (75%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 14
Toluene-4-sulfonic acid 8-(2, 4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (235. mg, 0.5 mmol) and 2,4-dichlorobenzene
boronic acid, 180 mg (77%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 15
Toluene-4-sulfonic acid 8-(2, S5-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
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dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,5-dichlorobenzene boronic
acid, 390 mg (83%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 16
Toluene-4-sulfonic acid 8-(2, 3-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,3-dimethoxybenzene

boronic acid, 310 mg (68%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 17
Toluene-4-sulfonic acid 8-(2, 3-dimethyl-phenyl)-2,3-dihydro-benzo[l,4]dioxin-2-yl-

methyl ester: “Starting " from ~ toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3- -

dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,3-dimethylbenzene

boronic acid, 370 mg (87%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 18
Toluene-4-sulfonic acid 8-(2, 5-dimethyl-phenyl)-2,3-dibydro-benzo[1,4]jdioxin-2-y}-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,5-dimethylbenzene

boronic acid, 430 mg (100%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 19
Toluene-4-sulfonic acid 8-(2, 6-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,6-dimethylbenzene
boronic acid, 230 mg (54%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 20
Toluene-4-sulfonic acid 8-(2, 3-difluoro-phenyl)-2,3-dihydro-benzo[l,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,3-difluorobenzene boronic

acid, 400 mg (92%) of the title compound was obtained as a colorless oil.
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INTERMEDIATE 21
Toluene-4-sulfonic acid 8-(2, 4-difluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,4-difluorobenzene boronic

acid, 400 mg (92%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 22
Toluene-4-sulfonic acid 8-(2, S-difluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2,5-diflucrobenzene boronic

acid, 370 mg (85%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 23
Toluene-4-sulfonic acid 8-(2-methoxy-5-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
yl-methyl ester: Starting from tfoluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (0.47 g, 1 mmol) and 2-methoxy-5-chlorobenzene

boronic acid, 460 mg (100%) of the product was obtained as a colorless oil.

INTERMEDIATE 24
(R)-Toluene-4-sulfonic  acid  2-methyl-8-phenyl-2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: Starting  from (R)-toluene-4-sulfonic acid  2-methyl-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.3 g, 0.62
mmol) and phenyl boronic acid (0.23 g, 1.9 mmol), 0.26 g (100%) of the title compound was
obtained as a colorless oil. MS ESI m/e 411.1 [M + HJ*

INTERMEDIATE 25
(R)-Toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2-methyl-2,3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 2-methyl-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.3 g, 0.62
mmol) and 2-chlorobenzene boronic acid (0.29 g, 1.9 mmol), 0.27 g (97 %) of the title
compound was obtained as a colorless oil. MS ESI m/e 462.1 [M + NH,]"
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INTERMEDIATE 26
(R)-Toluene-4-sulfonic acid 8-(3-chloro-phenyl)-2-methyl-2,3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 2-methyl-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.3 g, 0.62
mmol) and 3-chlorobenzene boronic acid (0.29 g, 1.9 mmol), 0.27 g (100%) of the title
compound was obtained as a colorless oil. MS ESI m/e 445.1 [M + H]*

INTERMEDIATE 27
(R)-Toluene-4-sulfonic acid 8-(4-chloro-phenyl)-2-methyl-2,3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 2-methyl-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl- ester- (0.3- g, 0.62.. . -
mmol) and 4-chlorobenzene boronic acid (0.29 g, 1.9 mmol), 0.27 g (100%) of the title
compound was obtained as a colorless oil. MS ESI m/e 462.1 [M + NH,]".

INTERMEDIATE 28
(R)-Toluene-4-sulfonic acid 8-(2-methoxy-phenyl)-2-methyl-2,3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 2-methyl-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.3 g, 0.62
mmol) and 2-methoxybenzene boronic acid (0.28 g, 1.9 mmol), 0.28 g (100%) of the title
compound was obtained as a colorless oil. MS ESIm/e 441.1 [M +HJ".

INTERMEDIATE 29
(R)-Toluene-4-sulfonic  acid-2-methyl-8-thiophen-3-yl-2,3-dihydro-benzo[1,4]-dioxin-2-
ylmethylamine: Starting from (R)-toluene-4-sulfonic acid 2-methyl-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.3 g, 0.62
mmol) and 3-thiophenylboronic acid (0.24 g, 1.9 mmol) 0.22 g (85%) of the title compound
was obtained as a colorless oil. MS ESIm/e 417.1 [M +HJ".

INTERMEDIATE 30
(R)-Toluene-4-sulfonic acid 8-(2-chloro-phenyl)-6-chloro-2, 3-dihydro-benzo[1,4]dioxin-
2-ylmethyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-trifluoromethanesul-
fonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0 mmol) and 2-
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chlorobenzene boronic acid (0.39 g, 2.5 mmol), the general procedure described above gave
the title compound (0.42 g, 91%) as a colorless oil.

INTERMEDIATE 31
(R)-Toluene-4-sulfonic acid 8-(2-fluoro-phenyl)-6-chloro-2, 3-dihydro-benzo[1,4]dioxin-
2-yl-methyl  ester:  Starting from  (R)-toluene-4-sulfonic  acid  6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[ 1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 2-fluorobenzene boronic acid (0.35 g, 2.5 mmol), the general procedure described

above gave the title compound (0.23 g, 52%) as a colorless oil.

INTERMEDIATE 32

(R)-Toluene-4-sulfonic- -acid ~- -- 8-(2-methyl-phenyl)-6-chloro-2, -  3-dihydro- ..

benzo[1,4]dioxin-2-yl-methy] ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 2-methylbenzene boronic acid (0.34 g, 2.5 mmol), the general procedure
described above gave the title compound (0.38 g, 85%) as a colorless oil.

INTERMEDIATE 33
(R)-Toluene-4-sulfonic  acid 8-(2-methoxy-phenyl)-6-chloro-2,  3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 2-methoxybenzene boronic acid (0.38 g, 2.5 mmol), the general procedure

described above gave the title compound (0.44 g, 96%) as a colorless oil.

INTERMEDIATE 34
(R)-Toluene-4-sulfonic  acid 8-(2-trifluoromethyl-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 2-trifluoromethylbenzene boronic acid (0.47 g, 2.5 mmol), the general procedure

described above gave the title compound (0.41 g, 82%) as a colorless oil.
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INTERMEDIATE 35
(R)-Toluene-4-sulfonic acid 8-(2, 3-dimethoxy-phenyl)-6-chloro-2, 3-dihydro-
benzo[l,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 2, 3-dimethoxybenzene boronic acid (0.45 g, 2.5 mmol), the general procedure

described above gave the title compound (0.40 g, 82%) as a colorless oil.

INTERMEDIATE 36
(R)-Toluene-4-sulfonic  acid 8-(2, 4-dichloro-phenyl)-6-chloro-2, 3-dihydro-
benzo[l,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0

“mmol) and 2, 4-dichlorobenzene boroni¢ acid (0:47 g, 2.5 mmol), thé "general procedure -

described above gave the title compound (0.36 g, 72%) as a colorless oil.

INTERMEDIATE 37
(R)-Toluene-4-sulfonic acid  8-(4-chloro-2-methyl -phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 4-chloro-2-methyl-benzene boronic acid (0.43 g, 2.5 mmol), the general

procedure described above gave the title compound (0.40 g, 83%) as a colotless oil.

INTERMEDIATE 38
(R)-Toluene-4-sulfonic acid 8-(2, 4-di-trifluoromethyl-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dibydro-benzo[1,4}dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 2, 4-di-trifluoromethylbenzene boronic acid (0.64 g, 2.5 mmol), the general

procedure described above gave the title compound (0.42 g, 75%) as a colorless oil.

INTERMEDIATE 39
(R)-Toluene-4-sulfonic  acid 8-(2, S-dichloro-phenyl)-6-chlore-2, 3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluvoromethanesulfonyloxy-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl ester (0.50 g, 1.0
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mmol) and 2, 5-dichlorobenzene boronic acid (0.47 g, 2.5 mmol), the general procedure
described above gave the title compound (0.39 g, 78%) as a colorless oil.

INTERMEDIATE 40
(R)-Toluene-4-sulfonic acid  8-(5-chloro-2-methoxy-phenyl)-6-chloro-2, 3-dihydro-
b%nzo[1,4]dioxin-2-yl—methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4}dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 5-chloro-2-methoxybenzene boronic acid (0.47 g, 2.5 mmol), the general

procedure described above gave the title compound (0.39 g, 81%) as a colorless oil.

INTERMEDIATE 41
(R)-Toluene-4-sulfonic * acid =~ 8-(2, ~ 6-dimethyl-phenyl)-6-chilore-2, ~ 3-dihydro-
benzo[1,4)dioxin-2-yl-methyl ester: Starting from (R)-toluene-4-sulfonic acid 6-chloro-8-
trifluoromethanesulfonyloxy-2,3-dihydro-benzo[1,4])dioxin-2-yl-methyl ester (0.50 g, 1.0
mmol) and 2,6-dimethylbenzene boronic acid (0.38 g, 2.5 mmol), the general procedure

described above gave the title compound (0.27 g, 59%) as a colorless oil.

General procedure to generate azide derivatives:

To a solution of tosylate (INTERMEDIATES 8-41) (1.0 eq) in DMF was added sodium
azide (5 eq). The reaction mixture was heated at 70-90 °C overnight. The reaction was
quenched with water. The mixture was extracted with methylene chloride. The organic layer
was washed with water and dried over anhydrous sodium sulfate. The organic solvent was
removed under vacuum. Chromatography with 10-20% ethyl acetate in hexanes afforded the

product as an oil.

[00180] Using the general procedures outlined above, INTERMEDIATES 42-75 can be
prepared.

INTERMEDIATE 42
2-Azidomethyl-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from toluene-
4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (142 mg,
0.33 mmol), 0.1 g (100%) of the title compound was obtained as a colorless oil.
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INTERMEDIATE 43
2-Azidomethyl-8-(2-fluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from toluene-
4-sulfonic acid 8-(2-fluoro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (205 mg,
0.5 mmol), 0.14 g (99%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 44
2-Azidomethyl-8-(2-mehyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from toluene-
4-sulfonic acid 8-(2-methyl-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl ester (175 mg,
0.42 mmol), 0.11 g (92%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 45
2-Azidomethyl-8-(2-trifluoromethyl-phenyl)-2;3-dihydro-benzo[1,4]dioxine: Starting -
from toluene-4-sulfonic acid 8-(2-trifluoromethyl-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-
ylmethy! ester (220 mg, 0.47 mmol), 0.15 g (94%) of the title compound was obtained as a

colorless oil.

INTERMEDIATE 46
2-Azidomethyl-8-(2-methoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxine:  Starting  from
toluene-4-sulfonic acid 8-(2-methoxy-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl ester
(175 mg, 0.41 mmol), 0.13 g (1 00%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 47
2-Azidomethyl-8-(2,3-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid 8-(2,3-dichloro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (175 mg, 0.38 mmol), 0.14 g of the title compound was obtained as a colorless oil.

INTERMEDIATE 48
2-Azidomethyl-8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine:  Starting from
toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (180 mg, 0.39 mmol), 0.13 g (100%) of the title compound was obtained as a colorless
oil.
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INTERMEDIATE 49
2-Azidomethyl-8-(2,5-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid  8-(2,5-dichloro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl

ester (185 mg, 0.4 mmol), 0.14 g of the title compound was obtained as a colorless oil.

INTERMEDIATE 50
2-Azidomethyl-8-(2,3-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid 8-(2,3-dimethoxy-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (155 mg, 0.34 mmol), 0.1 g (90%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 51

toluene-4-sulfonic acid 8-(2,3-dimethyl-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (185 mg, 0.43 mmol), 0.13 g (100%) of the title compound was obtained as a colorless

oil.

INTERMEDIATE 52
2-Azidomethyl-8-(2,5-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid 8-(2,5-dimethyl-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (215 mg, 0.5 mmol), 0.14 g (93%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 53
2-Azidomethyl-8-(2,6-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid 8-(2,6-dimethyl-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl

ester (230 mg, 0.54 mmol), the crude title compound was obtained as a colorless oil.

INTERMEDIATE 54
2-Azidomethyl-8-(2,3-difluoro -phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid  8-(2,3-difluoro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (200 mg, 0.46 mmol), 0.15 g (100%) of the title compound was obtained as a colorless

oil.
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INTERMEDIATE 55
2-Azidomethyl-8-(2,4-difluoro -phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid 8-(2,4-difluoro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (200 mg, 0.46 mmol), 0.12 g (85%) of the title compound was obtained as a colorless

oil.

INTERMEDIATE 56
2-Azidomethyl-8-(2,5-difluoro -phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting from
toluene-4-sulfonic acid 8-(2,5-difluoro-phenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-ylmethyl
ester (185 mg, 0.42 mmol), 0.12 g (92%) of the title compound was obtained as a colorless

oil. - Ce o o

INTERMEDIATE 57
2-Azidomethyl-8-(2-methoxy-5-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine:  Starting
from toluene-4-sulfonic acid 8-(2-methoxy—5-chloro-phenylj-2,3-dihydrobenzo-[1,4]dioxin-
2-ylmethyl ester (265 mg, 0.57 mmol), 0.14 g (73%) of the title compound was obtained as a

colorless oil.

INTERMEDIATE 58
(S)-2-Azidomethyl-2-methyl-8-phenyl-2,3-dihydro-benzo[1,4]dioxine: Starting from (R)-
toluene-4-sulfonic acid 8-phenyl-2-methyl-2,3-dihydro-benzo[1,4]-dioxin-2-yl-methyl ester
(0.26 g, 0.63 mmol) and sodium azide (0.20 g, 3.2 mmol), 0.17 g (100%) of the title
compound was obtained as a colorless oil. MS EI m/e 281 M",

INTERMEDIATE 59
(S)-2-Azidomethyl-8-(2-chloro-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid  8-(2-chloro-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]-
dioxin-2-yl-methyl ester (0.27 g, 0.61 mmol) and sodium azide (0.20 g, 3.0 mmol), 0.16 g
(84%) of the title compound was obtained as a colorless oil. MS EI m/e 315 M.
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INTERMEDIATE 60
(S)-2-Azidomethyl-8-(3-chloro-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid  8-(3-chloro-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]-
dioxin-2-yl-methyl ester (0.27 g, 0.61 mmol) and sodium azide (0.20 g, 3.0 mmol), gave the
desired product 0.17 g (89%) of the title compound was obtained as a colorless oil. MS EI
m/e 315 M".

INTERMEDIATE 61
(S)-2-Azidomethyl-8-(4-chloro-phenyl)-2-methyl-2,3-dihydro-benzo{l,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid  8-(4-chloro-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]-
dioxin-2-yl-methyl ester (0.27 g, 0.61 mmol) and sodium azide (0.20 g, 3.0 mmol), 0.18 g
(94%) of the tifle compound was obfained as acolorless oil. MS ETm/é 315M*, ~~ -

INTERMEDIATE 62
(S)-2-Azidomethyl-8-(2-methoxy-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]dioxine:
Starting from (R)-toluene-4-sulfonic acid  8-(2-methoxy-phenyl)-2-methyl-2,3-dihydro-
benzo[1,4]-dioxin-2-yl-methyl ester (0.28 g, 0.63 mmol) and sodium azide (0.21 g, 3.2
mmol), 0.13 g (66%) of the title compound was obtained as a colorless oil. MS EI m/e 311
M.

INTERMEDIATE 63
(S)-2-Azidomethyl-2-methyl-8-thiophen-3-yl-2,3-dihydro-benzo[1,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid 8-thiophen-3-yl-2,3-dihydro-benzo[1,4]-dioxin-2-yl-methyl
ester (0.22 g, 0.53 mmol) and sodium azide (0.17 g, 2.6 mmol), 0.13 g (86%) of the title
compound was obtained as a colorless oil. MS EI m/e 287 M".

INTERMEDIATE 64
(S)-2-Azidomethyl-8-(2-chloro-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid 8-(2-chloro-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl methyl ester (420 mg, 0.90 mmol), 0.29 g (96%) of the title compound

was obtained as a colorless oil.
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INTERMEDIATE 65
(S)-2-Azidomethyl-8-(2-fluoro-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid 8-(2-fluoro-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl methyl ester (350 mg, 0.72 mmol), 0.23 g (100%) of the title

compound was obtained as a colorless oil.

INTERMEDIATE 66
(S)-2-Azidomethyl-8-(2-methyl-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid 8-(2-methyl-phenyl)-6-chloro-2,  3-dihydro-
benzo[1,4]dioxin-2-yl methyl ester (380 mg, 0.85 mmol), 0.26 g (96%) of the title compound

was obtained as a colorless oil,

INTERMEDIATE 67
(S)-2-Azidomethyl-8-(2-methoxy-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine:
Starting from (R)-toluene-4-sulfonic acid 8-(2-methoxy-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl methyl ester (440 mg, 0.95 mmol), 0.28 g (88%) of the title compound

was obtained as a colorless oil.

INTERMEDIATE 68
(S)-2-Azidomethyl-8-(2-trifluoromethyl-phenyl)-6-chloro-2,3-dihydro-
benzo[1,4]dioxine: Starting from (R)-toluene-4-sulfonic acid 8-(2-trifluoromethyl-phenyl)-6-
chloro-2, 3-dihydro-benzo[1,4]dioxin-2-yl methyl ester (410 mg, 0.82 mmol), 0.23 g (76%)

of the title compound was obtained as a colorless oil.

INTERMEDIATE 69
(S)-2-Azidomethyl-8-(2, 3-dimethoxy-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine:
Starting from (R)-toluene-4-sulfonic acid 8-(2, 3-dimethoxy-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl methyl ester (400 mg, 0.81 mmol), 0.28 g (95%) of the title compound

was obtained as a colorless oil.

INTERMEDIATE 70
(S)-2-Azidomethyl-8-(2, 4-dichloro-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine:
Starting from (R)-toluene-4-sulfonic acid 8-(2, 4-dichloro-phenyl)-6-chloro-2, 3-dihydro-
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benzo[1,4]dioxin-2-yl methyl ester (360 mg, 0.72 mmol), 0.29 g (92%) of the title compound

was obtained as a colorless oil.

INTERMEDIATE 71
(S)-2-Azidomethyl-8-(4-chloro-2-methyl-phenyl)-6-chloro-2,3-dihydro-
benzo[1,4]dioxine: Starting from (R)-toluene-4-sulfonic acid 8-(4-chloro-2-methyl-phenyl)-
6-chloro-2, 3-dihydro-benzo[1,4]dioxin-2-yl methyl ester (400 mg, 0.83 mmol), 0.29 g

(100%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 72
(S)-2-Azidomethyl-8-(2, 4-di-trifluoromethyl-phenyl)-6-chloro-2,3-dihydro-

-
a2

‘benzo[1,4]dioxine: Starting from (R)-toluene-4-sulfonic “acid” 8-(2, 4-di-trifluoromethyl- -

phenyl)-6-chloro-2, 3-dihydro-benzo[1,4]dioxin-2-yl methyl ester (420 mg, 0.74 mmol), 0.33

g (98%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 73
(S)-2-Azidomethyl-8-(2, S-dichloro-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine:
Starting from (R)-toluene-4-sulfonic acid 8-(2, 5-dichloro-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl methyl ester (390 mg, 0.78 mmol), 0.28 g (97%) of the title compound
was obtained as a colorless oil.

INTERMEDIATE 74
(S)-2-Azidomethyl-8-(5-chloro-2-methoxy-phenyl)-6-chloro-2,3-dihydro-
benzo[1,4]dioxine: Starting from (R)-toluene-4-sulfonic acid 8-(5-chloro-2-methoxy-
phenyl)-6-chloro-2, 3-dihydro-benzo[1,4]dioxin-2-yl methyl ester (400 mg, 0.81 mmol), 0.29

g (98%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 75
(S)-2-Azidomethyl-8-(2,  6-di-methyl-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine:
Starting from (R)-toluene-4-sulfonic acid 8-(2, 6-dimethyl-phenyl)-6-chloro-2, 3-dihydro-
benzo[1,4]dioxin-2-yl methyl ester (530 mg, 1.15 mmol), 0.38 g (100%) of the title

compound was obtained as a colorless oil.
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INTERMEDIATE 76
2°,6’-Dichloro-5-fluoro-2methoxy-biphenyl: To a solution of 2,6-dichlorobromobenzene
(3.5 g, 15.7 mmol) and sodium hydroxide (3.14 g, 78.5 mmol) in DME-water (2:1) was
added 5-fluoro-2-methoxybenzene boronic acid (4.0 g, 23.5 mmol) at 90 °C, followed by
tetrakis(triphenylphosphine)palladium (0) (0.9 g, 0.78 mmol). The reaction mixture was
heated at 90 °C overnight and cooled to room temperature. The mixture was extracted with
methylene chloride and washed with water. The organic solvent was removed under vacuum.
Chromatography with 5% ethyl acetate in hexanes afforded 2.62 g (87%) of the title
compound as a colorless oil. MS EI m/e 270 M.

- INTERMEDIATE 77
3-Bromo-2’,6’-dichloro-5-flnoro-2-methoxy-biphenyl: To a solution of 2°, 6’-dichloro-5-
fluoro-2-methoxy-biphenyl (5.73 g, 21 mmol) in acetic acid (100 mL) was added iron powder
(cat. amount) and bromine (3.3 mL, 63 mmol ) slowly at room temperature. The reaction
mixture was stirred at 60 °C overnight. The acetic acid was removed under vacuum. The
residue was washed with methylene chloride and saturated sodium sulfite. The organic layer
was combined and washed with more sodium sulfite solution and dried over anhydrous
sodium sulfate. The solvent was removed under vacuum, Chromatography with 5% ethyl
acetate in hexanes afforded 6.28 g (85%) of the title compound as a light yellow oil.

INTERMEDIATE 78
2’, 6’-Dichloro-5-fluoro-2-methoxy-biphenyl-3-carbaldehyde: To a solution of 3-bromo-
2°,6’-dichloro-5-fluoro-2-methoxy-biphenyl (5.5 g, 16 mmol) in anhydrous tetrahydrofuran
was added i-PrMgCl (2.0 M in hexane, 12 mL, 24 mmol) at 0 °C. The resulting mixture was
stirred at 0 °C for hours until no more starting material was present. Then 1-formylpiperidine
(2.3 mL, 20.8 mmol) was introduced at —30 °C. The reaction mixture was stirred at —30 °C to
10 °C overnight. The reaction was quenched with 2N HCI and extracted with methylene
chloride. The solvent was removed under vacuum. Chromatography with 30% ethyl acetate
in hexane afforded the title compound, (4.69 g, 99%) as a colorless oil. MS EI m/e 298 M";
Elemental Anal. for C14HsFO,Cl;
Theory: C, 56.21 H, 3.03
Found: C, 55.90 H, 3.03
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INTERMEDIATE 79
2°,6°-Dichloro-5-fluoro-2-methoxy-biphenyl-3-ol: To a solution of 2’, 6°-dichloro-5-fluoro-
2-methoxy-biphenyl-3-carbaldehyde (2.35 g, 7.8 mmol) in methylene chloride (100 mL) was
added m-CPBA (77% max, 4.2 g) slowly at room temperature. The reaction mixture was
stirred at room temperature overnight. The white solid was filtered off. The reaction mixture
was quenched with 10% sodium sulfite and 10% sodium bicarbonate at 0 °C and extracted
with methylene chloride. The organic layer was washed with brine and dried over anhydrous
sodium sulfate. The solvent was removed under vacuum to afford the crude material as a
light yellow oil. To a solution of the crude material in methanol was added sodium
hydroxide (1.25 g, 31.2 mmol) at 0 °C. The reaction mixture was stirred at room temperature
for 2 h, then poured into ice-water. The mixture was neutralized with concentrated
* hydrochloric acid, and the mixture was extracted with methylene chloride and washed with™
water. The solvent was removed under vacuum. Chromatography with 30% ethyl acetate in
hexanes afforded 1.38 g (79%) of the title compound as a white solid; mp 65-67 °C. MS ESI
m/e 285.0 [M - H]

Elemental Anal. for Ci3HoFO,Cl,
Theory: C, 54.38 H, 3.16
Found: C, 54.15H, 3.03

INTERMEDIATE 80
(R)-2-(2’,6’-Dichloro-5-fluoro-2-methoxy-biphenyl-3-yloxymethyl)-oxirane: To a
suspension of sodium hydride (60%, 0.62 g, 15.4 mmol) in DMF was added 2’,6°-dichloro-5-
fluoro-2-methoxy-biphenyl-3-ol (2.95 g, 10.2 mmol) at 0 °C. The mixture was stirred at
room temperature for 30 min. Then a solution of the (R)-(-)-glydicy! tosylate (4.7 g, 20.4
mmol) in DMF was introduced at room temperature. The resulting mixture was heated at 100
°C overnight and poured into ice-water. The mixture was extracted with methylene chloride.
The organic layer was washed with water and dried over anhydrous sodium sulfate and
filtered. The solvent was removed under vacuum. Chromatography with 20% ethy! acetate
in hexanes afforded 2.73 g (77%) of title compound as a colorless oil. [or] = - 13.2° (¢ 1%
solution, MeOH); HRMS ESI m/e 360.0573 (M + NH,)"
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INTERMEDIATE 81
(S)-3-(3-Bromo-2-hydroxy-propoxy)-2’,6’-dichloro-5-fluoro-biphenyl-2-ol (81-1); (S)-
Acetic acid 1-bromomethyl-2~(2°,6’-dichloro-5-fluoro-2-hydroxy-biphenyl-3-yloxy)-
ethyl ester (81-2): A solution of (R)-2-(2°,6’-dichloro-5-fluoro-2-methoxy-biphenyl-3-
yloxymethyl)-oxirane (0.42 g 1.2 mmol) in 33% HBr in acetic acid (15 mL) was heated at 65
°C for 1 h. The mixture was poured into ice-water and extracted with methylene chloride.
The organic layer was washed with water and dried over sodium sulfate and filtered. The
organic solvent was removed under vacuum. Chromatography with 20-60% ethyl acetate in
hexanes afforded 0.3 g (60%) of the title compound (54-1), HRMS ESI m/e 425.9678 [M +
NH4J*; and 0.22 (39%) of the product (54-2), HRMS ESI m/e 467.9789 [M + NH,]" as

colorless oils.

INTERMEDIATE 82
(S)-[8-(2,6-Dichlorophenyl)-6-fluoro-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methanol: To a
solution mixture of (8)-3-(3-bromo-2-hydroxy-propoxy)-2’,6°-dichloro-5-fluoro-biphenyl-2-
ol (0.3g) and (S)-acetic acid 1-bromomethyl-2-(2’,6’-dichloro-5-fluoro-2-hydroxy-biphenyl-
3-yloxy)-ethyl ester (0.22 g) in methanol (30 mL) at 0 °C was added 2.5 N NaOH (10 mL).
The resulting mixture was stirred at 0 °C for 1 h. Then the mixture was extracted with
methylene chloride and washed with water. The solvent was removed under vacuum,
Chromatography with 20-60% ethyl acetate in hexanes afforded 0.36 g of the title compound
as a colorless oil. HRMS EI m/e 328.0056 M"; [a] =+ 31.6° (¢ 1% solution in Methanol).

INTERMEDIATE 83
(R)-Toluene-4-sulfonic acid 8-(2,6-dichlorophenyl)-6-fluoro-2,3-dihydro-
benzo[1,4]dioxin-2-yl-methyl ester : To a solution of (S)-[8-(2,6-dichlorophenyl)-6-fluoro-
2,3-dihydro-benzo[1,4]dioxin-2-yl]-methanol -(1.38 g, 4.2 mmol) in methylene chloride (60
mL) was added p-toluenesulfonyl chloride (1.2 g, 6.3 mmol), diisopropylethylamine (2.2 mL,
12.6 mmol) and DMAP (catalytical amount) at room temperature. The resulting mixture was
stirred at room temperature for 24 h. Then the reaction was quenched with ice-water and
extracted with methylene chloride. The organic layer was washed with water and dried over
anhydrous sodium sulfate and filtered. The solvent was removed under vacuum.
Chromatography with10-40% ethyl acetate in hexanes afforded 1.78 g (88%) of the title
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compound as a thick colorless oil. HRMS ESI m/e 500.0505 [M + NH4J; [o] =+ 33.26 (¢
6.4 mg in 0.7 mL methanol).

INTERMEDIATE 84
(S)-2-Azidomethyl-8-(2,6-dichlorophenyl)-6-fluoro-2,3-dihydro-benzo[1,4]dioxin: To a
solution of  (R)-toluene-4-sulfonic acid 8-(2,6-dichlorophenyl)-6-fluoro-2,3-dihydro-
benzo[1,4]dioxin-2-yl-methy! ester (0.40 g, 0.83 mmol) in DMF was added sodium azide
(0.27 g, 4.1 mmol) at room temperature, The resulting mixture was heated at 90 °C
overnight. The reaction mixture was poured in water and extracted with methylene chloride.
The organic layer was washed with water and dried over anhydrous sodium sulfate and

filtered. The solvent was removed. Chromatography with 0-30% ethyl acetate in hexanes

" " dfforded 0.26 g (89%) of the title compound as acolorless oil. HRMS EI m/e 353.0125 M"; - -

[a] =+ 39.4° (¢ 1% solution in methanol).

INTERMEDIATE 85
2%,6’-Dichloro-2-methoxy-biphenyl: To a solution of 2,6-dichlorobenzene bromide (22.9 g,
87 mmol) and sodium hydroxide (10.1 g, 0.22 mol) in DME-water (2:1) was added 2-
methoxy benzene boronic acid (20 g, 013 mol) at 90 °C, followed
bytetrakis(triphenylphosphine)-palladium (0) (5.8 g, 4.3 mmol). The reaction mixture was
heated at 90 °C overnight and cooled to room temperature. The mixture was extracted with
methylene chloride and washed with water. The organic solvent was removed under vacuum.
Chromatography with 5% ethyl acetate in hexanes afforded 23.57 g (93%) of the title
compound as a colorless oil. MS EI'm/e 252 M*

INTERMEDIATE 86
2,2'-Dichloro-6-methoxy-biphenyl: To a solution of 2-chlorobromobenzene (15.5 g, 80.6
mmol) and sodium carbonate (9.0 g, 84.9 mmol) in DME-water (5:1) was added 2-chloro-6-
methoxybenzene boronic acid (5.0 g, 26.8 mmol) at 82 °C, followed by
tetrakis(triphenylphosphine)palladium (0) (1.5 g, 1.4 mmol). The reaction mixture was
heated at 82 °C overnight and cooled to room temperature. The mixture was extracted with
ethyl acetate and washed with water. The organic solvent was removed under vacuum.
Chromatography with 5% ethyl acetate in hexanes afforded 5.0 g (73%) of the title
compound as a colorless oil.
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INTERMEDIATE 87
6-Chloro-2-methoxy-2'-methyl-biphenyl: This intermediate was prepared by the same
procedure as for 2, 2'-dichloro-6-methoxy-biphenyl (Intermediate 86). Starting from 2-
chloro-6-methoxy benzene boronic acid (5.0 g, 26.9 mmol) and 2-methylbromobenzene (13.8

g, 80.6 mmol), afforded 3.85 g (62%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 88
6-Chloro-2-methoxy-2'-trifluoromethyl-biphenyl: This intermediate was prepared by the
same procedure as for 2, 2'-dichloro-6-methoxy-biphenyl (Intermediate 86), Starting from 2-
chloro-6-methoxy benzene boronic acid (50 g 269 mmol) and 2-

trifluoromethylbromobenzene (12.0° g;-53.8 mmol),-afforded 1:6 g (21%)- of- the fitle- . .

compound as a colorless oil.

INTERMEDIATE 89
2'-Chloro-2-fluoro-6-methoxy-biphenyl: This intermediate was prepared by the same
procedure as for 2, 2'-dichloro-6-methoxy-biphenyl (Intermediate 86). Starting from 2-
fluoro-6-methoxy benzene bo_ronic acid (10.0 g, 58.8 mmol) and 2-chlorobromobenzene

(14.8 g, 77.6 mmol), 17.0 g of the title compound was obtained as a colorless oil.

INTERMEDIATE 90
6-Fluoro-2-methoxy-2'-methyl-biphenyl: This intermediate was prepared by the same
procedure as for 2, 2'-dich16r0-6-methoxy-biphenyl (Intermediate 86). Starting from 2-
fluoro-6-methoxy benzene boronic acid (5.0 g, 29.4 mmol) and 2-methylbromobenzene (10.1

g, 58.8 mmol), 2.35 g (37%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 91
2,4-Dichloro-6'-fluoro-2'-methoxy-biphenyl: This intermediate was prepared by the same
procedure as for 2, 2'-dichloro-6-methoxy-biphenyl (Intermediate 86). Starting from 2-
fluoro-6-methoxy benzene boronic acid (5.0 g, 29.4 mmol) and 2,4-dichlorobromobenzene
(13.8 g, 61.2 mmol), 3.3 g (42%) of the title compound was obtained as a colorless oil.
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INTERMEDIATE 92
2°,6’-Dichloro-biphenyl-2-ol: To a solution of 2°,6’-dichloro-2-methoxybiphenyl (23.57 g,
93 mmol) in methylene chloride was added boron tribromide (13.2 mL, 0.14 mol) at -78 °C.
The resulting mixture was stirred at =78 °C to room temperature overnight. The reaction
mixture was poured in the ice-NH;OH and extracted with methylene chloride. The organic
layer was washed with water and dried over anhydrous and filtered. The solvent was

removed under vacuum. Chromatography with 10-40% ethyl acetate in hexanes afforded
21.65 g (97%) of the title compound as a colorless oil. MS ESI m/e 236.99 [M - H]

INTERMEDIATE 93
2',6-Dichloro-biphenyl-2-ol: 2,2'-dichloro-6-methoxy-biphenyl (5.0 g, 20.9 mmol) was
ﬁéaféd i:i hidr&g.eﬁ br(_)r_nic_lé m aceEic acid (6(_)._£ni,, 35%) at 65 °C overmght The re'suiti'ngw o
mixture was cooled to room temperature. The reaction mixture was poured in water and
extracted with ethyl acetate. The organic layer was washed with water and dried over
anhydrous sodium sulfate and filtered. The solvent was removed under vacuum.
Chromatography with 10-40% ethyl acetate in hexanes afforded 4.2 g (84%) of the title

compound as a colorless oil.

INTERMEDIATE %4

2'-Chloro-6-fluoro-biphenyl-2-ol: This intermediate was prepared by the same procedure as
described for 2',6-dichloro-biphenyl-2-ol (Intermediate 93). Starting from 2'-chloro-2-fluoro-
6-methoxy-biphenyl (17.0 g), 7.5 g (57% for two steps) of the title compound was obtained

as a colorless oil.

INTERMEDIATE 95

6-Chloro-2'-methyl-biphenyl-2-0l: This intermediate was prepared by the same procedure
as for 2',6-dichloro-biphenyl-2-ol (Intermediate 93). Starting from 6-chloro-2-methoxy-2'-
methyl-biphenyl (15.0 g), 10.9 g (77%) of the title compound was obtained as a colotless oil.

INTERMEDIATE 96

6-Chloro-2'-trifluoromethyl-biphenyl-2-0l: This intermediate was prepared by the same
procedure as for 2',6-dichloro-biphenyl-2-ol (Intermediate 93). Starting from 6-chloro-2-

Page 89 0f 193



001 1 3 -
't

WO 2006/116158 PCT/US2006/015201

methoxy-2-irifluoromethyl-biphenyl (1.6 g), 1.3 g (92%) of the title compound was obtained

as a colorless oil.

INTERMEDIATE 97

6-Fluoro-2'-methyl-biphenyl-2-ol: This intermediate was prepared by the same procedure
as for 2',6-dichloro-biphenyl-2-ol (Intermediate 93). Starting from 6-fluoro-2-methoxy-2'-
methyl-biphenyl (6.2 g, 28.7 mmol), 6.0 g (100%) of the title compound was obtained as a

colorless oil.

INTERMEDIATE 98
2! 4'-chhloro-6-ﬂuoro -biphenyl-2-ol: This intermediate was prepared by the same

procedure as for 2, 6 dlchloro-blphenyl 2-0l (Intermedlate 93) Starting from 2,4-dichloro-6'=" = "~

fluoro-2'-methoxy-biphenyl (5.0 g, 18.4 mmol), 4.2 g (89%) of the title compound was

obtained as a colorless oil.

INTERMEDIATE 99
2-Allyloxy-2,6’-dichloro-biphenyl: To a solution of 2°,6°-dichloro-biphenyl-2-ol (21.65 g,
90 mmol) in DMF was added allyl bromide (11.75 mL, 0.135 mol) and potassium carbonate
(31.23 g, 0.225 mol) at room temperature. The resulting mixture was stirred at room
temperature overnight and poured into water. The mixture was extracted with methylene
chloride and washed with water. The solvent was removed under vacuum. Chromatography
with 0-30% ethyl acetate in hexanes afforded 24.8 g (98%) of the title compound as a light
yellow oil. MS EI m/e 278 M*

INTERMEDIATE 100
6-Allyloxy-2, 2'-dichlore-biphenyl: To a solution of 2’,6-dichloro-biphenyl-2-0l (10.0 g,
41.8 mmol) in DMF was added sodium hydride (60% in mineral oil, 2.5 g, 62,7 mmol) and
allyl bromide (5.4 mL, 62.7 mmol) at room temperature. The resulting mixture was stirred at
room temperature overnight. The mixture was extracted with ethyl acetate and washed with
water. The solvent was removed under vacuum. Chromatography with 0-30% ethyl acetate

in hexanes afforded 11.6 g (100%) of the title compound as a light yellow oil.
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INTERMEDIATE 101
6-Allyloxy-2'-chloro-2-fluoro-biphenyl: ~This intermediate was prepared by the same
procedure as described for 6-allyloxy-2, 2'-dichloro-biphenyl (Intermediate 100). Starting
from 2'-chloro-6-fluoro-biphenyl-2-ol (7.5 g, 33.7 mmol), 9.0 g (100%) of the title compound

was obtained as a colorless oil.

INTERMEDIATE 102
3-Allyl-2?,6°-dichloro-biphenyl-2-0l: A solution of 2-allyloxy-2’,6’-dichloro-biphenyl (24.8
g, 88.7 mmol) in decahydronaphthalene (100 mL) was refluxed for 24 h. The solvent was

removed under vacuum. Chromatography with 0-20% ethyl acetate in hexanes afforded 23 g

(93%) of the title compound as a light yellow oil. MS ESI m/e 278.9 [M + HJ"

INTERMEDIATE 103
3-Allyl-2',6-dichloro-biphenyl-2-ol: A solution of 6-allyloxy-2, 2'-dichloro-biphenyl (11.6
g, 41.8mmol) in mesitylene (100 mL) was refluxed for 24 h. The solvent was removed under
vacuum. Chromatography with 0-20% ethyl acetate in hexanes afforded 9.0 g (77%) of the
title compound as a light yellow oil.

INTERMEDIATE 104
3-Allyl-2'-chloro-6-fluoro-biphenyl-2-ol: This intermediate was prepared by the same
procedure as described for 3-allyl-2' 6-dichloro-biphenyl-2-ol (Intermediate 103). Starting
from 6-allyloxy-2'-chloro-2-fluoro-biphenyl (9.0 g, 33.7 mmol), 7.0 g (81%) of the title

compound was obtained as a colorless oil.

INTERMEDIATE 105
3-Allyl-2-benzyloxy-2’,6’-dichloro-biphenyl: To a suspension of sodium hydride (60%, 2.5
g, 61.5 mmol) in DMF at 0 °C was added a solution of 3-allyl-2’,6’-dichloro-biphenyl-2-ol
(11.47 g, 41 mmol) in DMF. The resulting mixture was stirred at room temperature for 1 h,
then benzyl bromide (7.33 mL, 61.5 mmol) was introduced at room temperature. The
resulting mixture was stirred at 60 °C overnight and poured into ice water. The mixture was
extracted with methylene chloride and washed with water. The solvent was removed under
vacuum. Chromatography with 0-30% ethyl acetate in hexanes afforded 15.08 g (99%) of the
title compound as a light yellow oil. MS ESI m/e 386.1 [M + NHY*
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INTERMEDIATE 106
2-Benzyloxy-2’,6’-dichloro-3-propenyl-biphenyl: A solution of 3-allyl-2-benzyloxy-2’,6’-
dichloro-biphenyl (15.08 g, 41 mmol) and bis(acetonitrile)dichloropalladium (II) (0.53 g, 2.1
mmol) in methylene chloride was refluxed for 24 h. The solvent was removed under
vacuum. Chromatography with 0-30% ethyl acetate in hexanes afforded 14.63 g (97%) of the
title compound as a colorless oil. MS ESI m/e 369.1 [M + H1*

INTERMEDIATE 107
2',6-Dichlore-3-propenyl-biphenyl-2-ol: To a solution of 3-allyl-2',6-dichloro-biphenyl-2-ol
(6.2 g, 22.2 mmol) in methylene chloride (100 mL) was added dichlorobis(acetonitrile)-

" palladium(II) (0:86 g, 3.3 mmol). "The resulting mikture was réfluxed ovérnight. The solvent™ ~
was removed under vacuum. Chromatography with 5-20% ethyl acetate in hexanes afforded
3.0 g (48%) of the title compound as a light yellow oil.

INTETRMEDIATE 108
2'-Chloro-6-fluoro-3-propenyl-biphenyl-2-ol: This intermediate was prepared by the same
procedure as described for 2',6-dichloro-3-propenyl-biphenyl-2-ol (Intermediate 107).
Starting from 3-allyl-2'-chloro-6-fluoro-biphenyl-2-ol (3.8 g, 14.5 mmol), 1.5 g (39%) of the

title compound was obtained as a colorless oil.

INTERMEDIATE 109
2-Benzyloxy-2’,6°-dichloro-biphenyl-3-carbaldehyde: To a solution of 2-benzyloxy-2’,6’-
dichloro-3-propenyl-biphenyl (5.0 g, 13.5 mmol) in methanol (50 mL) and water (7.5 mL)
was added osmium tetroxide solution (4% in water, 1.7 mL) and sodium periodate (8.7 g,
40.5 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 2 h and poured in ice water.
The mixture was extracted with methylene chloride and washed with water. The organic
layer was dried over anhydrous sodium sulfate and filtered. Chromatography with 0-40%
ethyl acetate in hexanes afforded 3.71 g (77%) of the title compound as a colorless oil. MS
ESI m/e 357.0 [M+H]"
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INTERMEDIATE 110

2-Benzyloxy-2',6 -dichloro-biphenyl-3-carbaldehyde: To a solution of 2,6 -dichloro-3-
propenyl-biphenyl-2-0l (3.0 g, 10.7 mmol) in THF (80 mL) and water (10 mL) was added
osmium tetroxide solution (4% in water, 2.5 mL) and sodium periodate (7.2 g, 33.6 mmol) at
0°C. The resulting mixture was stirred at 0 °C for 2 h and poured in ice water. The mixtgre
was extracted with ethyl acetate and washed with water. The organic layer was dried over
anhydrous sodium sulfate and filtered. The solution was concentrated to provided 2',6-
dichloro-2-hydroxy-biphenyl-3-carbaldehyde. This was further treated with sodium hydride
(0.54 g, 13.5 mmol) and benzyl bromide (1.5 mL, 13.5 mmol) in DMF at room temperature
overnight. The mixture was extracted with ethyl acetate and washed with water. The solvent
was removed under vacuum. Chromatography with 0-25% ethyl acetate in hexanes afforded
2.0 g (52% for 2 steps) of the tifle compound as a light yellow oil, which hardened into an
off-white solid.

INTERMEDIATE 111
2-Benzyloxy-2'-chloro-6-fluoro-biphenyl-3-carbaldehyde: This intermediate was prepared
by the same procedure as described for 2-benzyloxy-2',6-dichloro-biphenyl-3-carbaldehyde
(Intermediate 110). Starting from 2'-chloro-6-fluoro-3-propenyl-biphenyl-2-ol (4.0 g, 15.2
mmol), 2.5 g (48% for two steps) of the title compound was obtained.

INTERMEDIATE 112
6-Chloro-2-hydroxy-2'-methylbiphenyl-3-carbaldehyde: To a solution of 6-chloro-2'-
methylbiphenyl-2-ol (2.18 g, 10.0 mmol) in chloroform (10 mL) and water (0.36 mL) was
added sodium hydroxide (2.0 g, 50.0 mmol). The reaction mixture was heated at 55 °C for 4
h. The resulting mixture was cooled to room temperature and neutralized with IN HCI. The
mixture was extracted with ethyl acetate and washed with water: The solvent was removed
under vacuum. Chromatography with 0-25% ethyl acetate in hexanes afforded 0.65 g (26%)
of the title compound.

INTERMEDIATE 113
6-Chloro-2-hydroxy-2'-(trifluoromethyl)biphenyl-3-carbaldehyde: To a solution of 6-
chloro-2'-trifluoromethylbiphenyl-2-0l (1.4 g, 5.13 mmol) in methanol (5 mL) was added
magnesium methoxide (6-10% in methanol, 6.0 mL, ~6 mmol), the mixture was heated at 85
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°C and solvent distilled off. Toluene (10 mL) was added and the resulting mixture heated at
85 °C for 2 h. while distilling off the low boiling point by-product and this was followed by
adding paraformaldehyde (0.48 g, 15.4 mmol). The resulting mixture was heated with
concurrent removal of volatile materials under reduced pressure for 1.5 h. The mixture was
cooled to room temperature and treated with 10% sulfuric acid with care until slightly acidic.
The mixture was exiracted with ethyl acetate and washed with water. The solvent was
removed under vacuum. Chromatography with 0-25% ethyl acetate in hexanes afforded 0.72
g (47%) of the title compound. MS ES m/z 299.0 [M-H]".

INTERMEDIATE 114
6-Fluoro-2-hydroxy-2'-methylbiphenyl-3-carbaldehyde: This intermediate was prepared

by the same procedure as for 6-chloro-2-hydroxy-2'-(trifluoromethyl)biphenyl-3-

carbaldehyde (Intermediate 113). Starting from 6-fluoro-2'-methylbiphenyl-2-ol (2.0 g, 10.0
mmol), 1.21 g (53%) of the title compound was obtained. MS ES m/z 231.1 [M+H] * m/z
229.1 [M-H}".

INTERMEDIATE 115
2'4'-Dichloro-6-fluoro-2-hydroxybiphenyl-3-carbaldehyde: This intermediate was
prepared by the same procedure as for 6-chloro-2-hydroxy-2'-(trifluoromethyl)biphenyl-3-
carbaldehyde (Intermediate 113). Starting from 2',4'-dichloro-6-fluorobiphenyl-2-ol (2.0 g,
7.78 mmol), 1.35 g (61%) of the title compound was obtained.

INTERMEDIATE 116
2-(Benzyloxy)-6-chloro-2'-methylbiphenyl-3-carbaldehyde: To a solution of 6-chloro-2-
hydroxy-2'-methylbiphenyl-3-carbaldehyde (1.54 g, 6.24 mmol) in DMF (10 mL) was added
sodium hydride ( 60% in mineral oil, 0.37 g, 9.36 mmol) followed by benzyl bromide (0.96
mL, 8.15 mmol). The resulting mixture was stirred at room temperature overnight. The
mixture was extracted with ethyl acetate and washed with water. The solvent was removed
under vacuum. Chromatography with 0-25% ethyl acetate in hexanes afforded 2.0 g (95%)
of the title compound.
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1N 1 uRMEDIATE 117
2-(Benzyloxy)-6-fluoro-2'-methylbiphenyl-3-carbaldehyde: This intermediate was
prepared by the same procedure as for 2-(benzyloxy)-6-chloro-2'-methylbiphenyl-3-
carbaldehyde (Intermediate 117). Starting from 6-fluoro-2-hydroxy-2'-methylbiphenyl-3-
carbaldehyde (1.2 g, 5.21 mmol), 60.88 g (53%) of the title compound was obtained as a

colorless oil.

INTERMEDIATE 118
2-(Benzyloxy)-6-chloro-2'-(triflioromethyl)biphenyl-3-carbaldehyde: This intermediate
was prepared by the same procedure as for 2-(benzyloxy)-6-chloro-2'-methylbiphenyl-3-
carbaldehyde  (Intermediate  116). Starting from  6-chloro-2-hydroxy-2'-

. (trifluoromethyl)biphenyl-3-carbaldehyde (0.73 .g, 2.42. mmol), 0.7 g. (74%) of the title _

compound was obtained as a white solid.

INTERMEDIATE 119
2-(Benzyloxy)-2',4'-dichloro-6-fluorobiphenyl-3-carbaldehyde: This intermediate was
prepared by the same procedure as for 2-(benzyloxy)-6-chloro-2'-methylbiphenyl-3-
carbaldehyde (Intermediate 116). Starting from 2',4'-dichloro-6-fluoro-2-hydroxybiphenyl-3-
carbaldehyde (1.35 g, 4.73 mmol), 1.4 g (79%) of the title compound was obtained.

INTERMEDIATE 120
2-Benzyloxy-2,6’-dichloro-biphenyl-3-0l: To a solution of 2-benzyloxy-2’,6’-dichloro-
biphenyl-3-carbaldehyde (3.71 g, 10 mmol) was added m-CPBA (77% max, 5.8 g) in
methylene chloride (100 mL). The resulting mixture was stired at room
temperatureovernight and quenched with 10% sodium sulfite and 10% sodium bicarbonate.
The mixture was extracted with methylene chloride and washed with water. The solvent was
removed under vacuum to afford a crude material as a light yellow oil. To a solution of crude
oil in methanol was added sodium hydroxide (1.66 g, 40 mmol) at room temperature. The
mixture was stirred at room temperafure for 2 h and neutralized with concentrated
hydrochloric acid. The mixture was exiracted with methylene chloride and washed with
water. The organic solvent was removed under vacuum. Chromatography with 10-40%
ethyl acetate in hexanes afforded 2.70 g (75%) of the title compound as a colorless oil. MS
ESIm/e 343.0 [M-HY
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INTERMEDIATE 121
2-Benzyloxy-2',6-dichloro-biphenyl-3-0l: To a solution of 2-benzyloxy-2',6-dichloro-
biphenyl-3-carbaldehyde (2.0 g, 5.6 mmol) was added m-CPBA (77% max, 3.5 g) in
methylene chloride (100 mL). The resulting mixture was stirred at room
temperatureovernight and quenched with 1:1 10% sodium sulfite in saturated sodium
bicarbonate. The mixture was extracted with methylene chloride and washed with water.
The solvent was removed under vacuum to afford a crude material as a light yellow oil. To a
solution of the crude oil in methanol was added sodium bicarbonate (1.0 g, 12 mmol) at room
temperature. The mixture was stirred at room temperature for 2 h and the solvent was

removed under vacuum. The mixture was extracted with ethyl acetate and washed with

- water: The organic-solvent was removed under vacuum. Chromatography. with 0-40% ethyl.

acetate in hexanes afforded 1.67 g (86%) of the title compound as a colorless oil.

INTERMEDIATE 122
2-Benzyloxy-2'-chloro-6-fluoro-biphenyl-3-ol: This intermediate was prepared by the same
procedure as described for 2-benzyloxy-2',6-dichloro-biphenyl-3-ol (Intermediate 121).
Starting from 2-benzyloxy-2'-chloro-6-fluoro-biphenyl-3-carbaldehyde (2.5 g, 7.3 mmol), 1.4

g (58%) of the product was obtained as a colorless oil.

INTERMEDIATE 123
2-(Benzyloxy)-6-chloro-2'-methylbiphenyl-3-ol: This intermediate was prepared by the
same procedure as for 2-benzyloxy-2',6-dichloro-biphenyl-3-ol (Intermediate 121). Starting
from 2-(benzyloxy)-6-chloro-2'-methylbiphenyl-3-carbaldehyde (2.0 g, 5.94 mmol), 1.2 g

(62%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 124
2-(Benzyloxy)-6-chloro-2'-(trifluoromethyl)biphenyl-3-ol: This intermediate was prepared
by the same procedure as for 2-benzyloxy-2',6-dichloro-biphenyl-3-ol (Intermediate 121).
Starting from 2-(benzyloxy)-6-chloro-2'-(trifluoromethyl)biphenyl-3-carbaldehyde (0.7 g,
1.79 mmol), 0.7 g (100%) of the title compound was obtained.
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INTERMEDIATE 125
2-Benzyloxy-6-fluoro-2'-methyl-biphenyl-3-ol: This intermediate was prepared by the
same procedure as for 2-benzyloxy-2',6-dichloro-biphenyl-3-ol (Intermediate 121). Starting
from 2-benzyloxy-6-fluoro-2'-methyl-biphenyl-3-carbaldehyde (0.88 g, 2.75 mmol), 0.6 g
(71%) of the title compound was obtained as a white solid. MS ES m/z 307.1 [M-H] .

INTERMEDIATE 126
2-(Benzyloxy)-2',4'-dichloro-6-fluorobiphenyl-3-ok: This intermediate was prepared by the
same procedure as for 2-benzyloxy-2',6-dichloro-biphenyl-3-ol (Intermediate 121). Starting
from 2-(benzyloxy)-2',4'-dichloro-6-fluorobiphenyl-3-carbaldehyde (1.4 g, 3.73 mmol), 1.35

INTERMEDIATE 127
(R)-2-(2-Benzyloxy-2’,6’-dichloro-biphenyl-3-yl oxymethyl)-oxirane: To a suspension of
sodium hydride (60%, 0.47 g, 11.7 mmol) in DMF was added 2-benzyloxy-2’,6’-dichloro-
biphenyl-3-ol (2.70 g, 7.8 mmol) at 0 °C. The mixture was stirred at room temperature for 30
min. Then a solution of (R)-(-)-glydcidyl tosylate (3.57g, 15.6 mmol) in DMF was
introduced at room temperature. The resulting mixture was heated at 100 °C overnight and
poured into the ice water. The mixture was extracted with methylene chloride. The organic
layer washed with water and dried over anhydrous sodium sulfate and filtered. The solvent
was removed under vacoum. Chromatography with 20% ethyl acetate in hexanes afforded
2.2 g (86%) of title compound as a colorless oil. MS ESI m/e 418.0965 [M + NH,J

INTERMEDIATE 128
(R)-2-(2-Benzyloxy-2',6-dichloro-biphenyl-3-yloxymethyl)-oxirane: To a suspension of
sodium hydride (60%, 0.23 g, 5.8 mmol) in DMF (50 mL) was added 2-benzyloxy-2',6-
dichloro-biphenyl-3-0l (1.67 g, 4.84 mmol) at 0 °C. The mixture was stirred at room
temperature for 30 min. Then a solution of (R)-(-)-glycidyl tosylate (1.32 g, 5.8 mmol) in
DMF was introduced at room temperature. The resulting mixture was heated at 80 °C
overnight and cooled to room temperature. The mixture was extracted with ethyl acetate and
washed with water and dried over anhydrous sodium sulfate and filtered. The solvent was

removed under vacuum, Chromatography with 10-30% ethyl acetate in hexanes afforded 1.4

g (72%) of title compound as a colorless oil.
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INTERMEDIATE 129
(R)-2-(2-Benzyloxy-2'-chloro-6-fluoro-biphenyl-3-yloxymethyl)-oxirane: This
intermediate was prepared by the same procedure as described for (R)-2-(2-benzyloxy-2',6-
dichloro-biphenyl-3-yloxymethyl)-oxirane (Intermediate 128). Starting from 2-benzyloxy-2'-
chloro-6-fluoro-biphenyl-3-ol (1.4 g, 4.26 mmol), 0.44 g of the title compound as a colorless

oil was obtained, together with recovered starting material.

INTERMEDIATE 130
(2R)-2-[(2-(Benzyloxy)-6-chloro-2'-methylbiphenyl-3-yloxy)methyl]oxirane: This
intermediate was prepared by the same procedure as for (2R)-2-(2-benzyloxy-2',6-dichloro-

2'-methylbiphenyl-3-ol (1.2 g, 3.69 mmol), 1.19 g (89%) of the title compound was obtained.

INTERMEDIATE 131
(2R)-2-[(2-(Benzyloxy)-6-chloro-2'-(triﬂuoromethyl)biphenyl-3-yloxy)methyl]oxirane:
This intermediate was prepared by the same procedure as for (2R)-2-(2-benzyloxy-2',6-
dichloro-biphenyl-3-yloxymethyl)-oxirane (Intermediate 128). Starting from 2-(benzyloxy)-
6-chloro-2'-(trifluoromethyl)biphenyl-3-ol (0.7 g, 1.85 mmol), 0.6 g (75%) of the title

compound was obtained.

INTERMEDIATE 132
(2R)-2-[2-(Benzyloxy)-6-ﬂuoro-2'-methylbiphenyl—3-yloxy)methyl]oxirane: This
intermediate was prepared by the same procedure as for (2R)-2-(2-benzyloxy-2',6-dichloro-
biphenyl-3-yloxymethyl)-oxirane (Intermediate 128). Starting from 2-(benzyloxy)-6-fluoro-
2'-methylbiphenyl-3-ol (0.6 g, 1.94 mmol), 0.32 g (45%) of the title compound was obtained

as a colorless oil.

INTERMEDIATE 133
(2R)-2-[2-(Benzyloxy)-2',4'-dichloro-6-fluorobiphenyl-3-yloxy)methyljoxirane: This
intermediate was prepared by the same procedure as for (2R)-2-(2-benzyloxy-2',6-dichloro-
biphenyl-3-yloxymethyl)-oxirane (Intermediate 128). Starting from 2-(benzyloxy)-2'4'-
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dichloro-6-fluorobiphenyl-3-ol (1.35 g, 3.72 mmol), 1.3 g (84%) of the title compound was

obtained as a colorless oil.

INTERMEDIATE 134
(8)-3-(3-Bromo-2-hydroxy-propoxy)-2°,6’-dichloro-biphenyl-2-0l  (125-1); (S)-Acetic
acid 1-bromomethyl-2-(2’,6’-dichloro-2-hydroxy-biphenyl-3-yloxy)-ethyl ester (125-2):
A solution of (R)-2-(2’,6’-dichloro-2-methoxy-biphenyl-3-yloxymethyl)-oxirane (2.2 g) in
33% HBr in acetic acid (15 mL) was heated at 65 °C for 1 h. The mixture was poured into
ice water and extracted with methylene chloride. The organic layer was washed with water

and dried over sodium sulfate and filtered. The organic solvent was removed under vacuum.
Chromatography with 60% ethyl acetate in hexanes afforded 1.33 g (40%) of the title

T 29
#

compound (67-1) as a colorless oil, [a] = - 12.07° (1% solution in methanol), HRMS ESIm/e = -

407.9779 [M + NH,]*; and 1.32 (43%) of the product (67-2) as a colorless oil, [a] =+ 4.0°
(1% solution in methanol) HRMS ESI m/e 449.9886 [M + NH,]*;

INTERMEDIATE 135
(S)-[8-(2,6-Dichlorophenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methanol: To a mixture
of (S)-3-(3-bromo-2-hydroxy-propoxy)-2’,6’-dichloro-biphenyl-Z_-ol (1.33 g) and (S)-acetic
acid  1-bromomethyl-2-(2’,6’-dichloro-5-fluoro-2-hydroxy-biphenyl-3-yloxy)-ethyl  ester
(1.32 g) in methanol (30 mL) at 0 °C was added 2.5 N NaOH (10 mL). The resulting mixture
was stirred at 0 °C for 1 h. Then the mixture was extracted with methylene chloride and
washed with water. The solvent was removed under vacuum. Chromatography with 20-60%
ethyl acetate in hexanes afforded 1.77 g (91%) of the title compound as a colorless oil.
HRMS ESI m/e 328.0514 [M -+ NH,]"; [e] = + 25.66 °(c 4.8 mg/0.7 mL methanol).

INTERMEDIATE 136
(R)-Toluene-4-sulfonic acid 8-(2,6-dichlorophenyl)- 2,3-dihydro-benzo[1,4]dioxin-2-yl-
methyl ester: To a solution of (S)-[8-(2,6-dichlorophenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
yl]-methanol (1.77 g, 5.6 mmol) in methylene chloride (60 mL) was added p-toluenesulfonyl
chloride (1.63 g, 8.5 mmol), diisopropylethyl amine (2.48mL, 14 mmol) and DMAP
(catalytical amount) at room temperature. The resulting mixture was stirred at room
temperature for 24 h. Then the reaction was quenched with ice water and extracted with

methylene chloride. The organic layer was washed with water and dried over anhydrous
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sodium sulfate and filtered. The solvent was removed under vacunm. Chromatography with
10-40% ethyl acetate in hexanes afforded 1.78 g (88%) of the title compound as a clear thick
oil. HRMS ESI m/e 482.0596 [M + NH,4]"; [o] =+ 23.00 °(c 1% solution in methanol).

INTERMEDIATE 137
(R)-Toluene-4-sulfonic acid 7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-
- 2-ylmethyl ester: To a solution of  (R)-2-(2-benzyloxy-6, 2'-dichloro-biphenyl-3-
yloxymethyl)-oxirane (0.26 g, 0.65 mmol) in ethanol (10 mL) was added catalyst palladium
on carbon (10%, 95 mg) and followed by 1, 4-cyclohexadiene (0.5 mL, 5.12 mmol). The
resulting mixture was stirred at room temperature overnight. The mixture was filtered
through a pad of celite and concentrated to provide crude [7-chloro-8~(2-chloro-phenyl)-2,3-
" dihydro-benzo[1,4]dioxin-2-yl]-methanol. ~“This intermediaté” was further dissolved "in~ ~ "~
methylene chloride (15 mL) and treated with diisopropylethylamine (0.24 mL, 1.4 mmol), p-
toluenesulfonyl chloride (0.19 g, 0.97 mmol) and DMAP (catalytical amount) at room
temperature. The resulting mixture was stirred at room temperature for 24 h. Then the
reaction was quenched with ice water and extracted with methylene chloride. The organic
layer was washed with water and dried over anhydrous sodium sulfate and filiered. The
solvent was removed under vacuum. Chromatography with 5-25% ethyl acetate in hexanes

afforded 0.16 g of the title compound as a colorless oil.

INTERMEDIATE 138
(R)-Toluene-4-sulfonic acid 8-(2-chloro-phenyl)-7-fluoro-2,3-dihydro-benzo[1,4] dioxin-
2-ylmethyl ester: This intermediate was prepared by the same procedure as described for
toluene-4-sulfonic  acid  7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
ylmethyl ester Intermediate 137). Starting from (R)-2-(2-Benzyloxy-2'-chloro-6-fluoro-
biphenyl-3-yloxymethyl)-oxirane (0.44 g, 1.14 mmol), 0.26 g (51% for two steps) of the

product was obtained as a thick oil.

INTERMEDIATE 139
(2R)-(7-Chloro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)methyl 4-
methylbenzenesulfonate: This intermediate was_ prepared by the same procedure as for
toluene-4-sulfonic ~ acid  7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
ylmethyl ester (Intermediate 137). Starting from (2R)-2-((2-(benzyloxy)-6-chloro-2'-
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methylbiphenyl-3-yloxy)methyl)oxirane (1.19 g, 3.29 mmol), 0.86 g (59% for two steps) of

the title compound was obtained as a thick oil.

INTERMEDIATE 140
(2R)-{7-Chloro-8-[2-(trifluoromethyl)phenyl]-2,3-dihydrobenzo[b][1,4]dioxin-2-
yl]}methyl 4-methylbenzenesulfonate: This intermediate was prepared by the same
procedure as for toluene-4-sulfonic acid 7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (Intermediate 137). Starting from (2R)-2-((2-(benzyloxy)-
6-chloro-2'-(trifluoromethyl)biphenyl-3-yloxy)methyl)oxirane (0.6 g, 1.38 mmol), 0.5 g (73%
for two steps) of the title compound was obtained as a thick oil.

"7 77 7 INTERMEDIATE¥41- - - - — -
(2R)-[7-Fluoro-8-(o-tolyl-2,3-dihydrobenzo[b][1,4]dioxin-2-yljmethyl 4-
methylbenzenesulfonate: This intermediate was prepared by the same procedure as for
toluene-4-sulfonic ~ acid  7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzof1,4]dioxin-2-
ylmethyl ester (Intermediate 137). Starting from (2R)-2-((2-(benzyloxy)-6-fluoro-2'-
methylbiphenyl-3-yloxy)methyl)oxirane (0.32 g, 0.88 mmol), 0.2 g (53% for two steps) of
the title compound was obtained as a thick oil

INTERMEDIATE 142
(2R)-8-(2,4-Dichlorophenyl)-7-fluoro-2,3-dihydrobenzo[b][1,4]dioxin-2-yI)methyl 4-
methylbenzenesulfonate: This intermediate was prepared by the same procedure as for
toluene-4-sulfonic =~ acid  7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
ylmethyl ester (Intermediate 137). Starting from (2R)-2-((2-(benzyloxy)-2',4'-dichloro-6-
fluorobiphenyl-3-yloxy)methyl)oxirane (1.3 g, 3.1 mmol), 0.8 g (§3% for two steps) of the

title compound was obtained as a thick oil

INTERMEDIATE 143
(S)-2-Azidomethyl-8-(2,6-dichlorophenyl)-2,3-dihydro-benzo[1,4]dioxin: To a solution of
(R)-toluene-4-sulfonic acid 8-(2,6-dichlorophenyl)-2,3-dihydrobenzo-[1,4]dioxin-2-yl-methyl
ester (2.33 g, 5.0 mmol) in DMF was added sodium azide (1.63 g, 25 mmol) t room
temperature. The resulting mixture was heated at 90 °C overnight. The reaction mixture was

poured in water and extracted with methylene chloride. The organic layer was washed with
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water and dried over anhydrous sodium sulfate and filtered. The solvent was removed.
Chromatography with 0-30% ethyl acetate in hexanes afforded 1.33 g (79%) of the title
compound as a colorless oil. MS EI m/e 335 M'; [o] =+ 46.0° (c 1% solution in methanol).

INTERMEDIATE 144
(S)-2-Azidomethyl-7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting
from (R)-toluene-4-sulfonic acid 7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-
2-ylmethyl ester (160 mg, 0.34 mmol), the procedure described for Intermediate 143 afforded
0.10 g (87%) of the title compound as a colorless oil.

INTERMEDIATE 145
from (R)-toluene-4-sulfonic acid 8-(2-chloro-phenyl)-7-fluoro-2,3-dihydro-benzo[1,4]dioxin-

2-ylmethy! ester (0.26 g, 0.58 mmol), the procedure described for Intermediate 143 afforded
0.18 g (100%) of the title compound as a colorless oil.

INTERMEDIATE 146
(2S)-2-(Azidomethyl)-7-chloro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxine: Starting from
((2R)-7-chloro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)methyl 4-

methylbenzenesulfonate (0.84 g, 1.89 mmol), the procedure described for Intermediate 143
afforded 0.6 g (100%) of the title compound as a colorless oil.

INTERMEDIATE 147
(28)-2-(Azidomethyl)—7-chloro-8-(2-(trifluoromethyl)phenyl)-2,3-dihydrobenzo[b][1,4]
dioxine: Starting from ((2R)-7-chloro-8-(2-(trifluoromethyl)phenyl)-2,3-dihydrobenzo
[b][1,4]dioxin-2-yl)methyl 4-methylbenzenesulfonate (0.5 g, 1.0 mmol), the procedure
described for Intermediate 143 afforded 0.25 g (67%) of the title compound as a colorless

oil.
INTERMEDIATE 148

(2S)-2-(Azidomethyl)-7-fluoro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxine: Starting from
((2R)-7-fluoro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)methyl4-methylbenzene-
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sulfonate (0.2 g, 0.47 mmol), the procedure described for Intermediate 143 afforded 0.12 g

(85%) of the title compound as a colorless oil.

INTERMEDIATE 149
(2S)-2-(Azidomethyl)-8-(2,4-dichlorophenyl)-7-fluoro-2,3-dihydrobenzo[b][1,4]dioxine:
Starting from  ((2R)-8-(2,4-dichlorophenyl)-7-fluoro-2,3-dihydrobenzo[b][1,4]dioxin-2-
yDmethyl 4-methylbenzenesulfonate (1.2 g, 2.48 mmol), the procedure described for
Intermediate 143 afforded 0.8 g (98%) of the title compound as a colorless oil.

INTERMEDIATE 150
3-Bromo-2’,6’-dichlorobiphenyl-2-ol: To a solution of 2’,6°-dichlorobiphenyl-2-ol (0.1 g,

- 0.42-mmol) -in 4-mL- methylene-chloride at room temperature-was added-diisopropylamine - -

(0.12 - 1.0 eq), followed by NBS (0.067 g, 0.38 mmol, dissolved in 2 mL methylene
chloride) during a 30 minute period. The reaction was stirred at room temperature for an
additional 30 minutes. The solvent was removed under vacuum. Chromatography with 15%
ethyl acetate/hexanes afforded the desired title compound as a white solid, mp: 44-45 °C. MS
ES m/e 314.9 [M-HJ.

INTERMEDIATE 151
3-lodo-2’,6’-dichlorobiphenyl-2-ol: To a solution of 2’,6’-dichlorobiphenyl-2-ol (7.7 g,
0.032 mol) and copper acetate (1.0 eq, 5.8 g) in acetic acid (150 mL) was slowly added a
solution of I; (8.2 g, 32.2 mmol) in acetic acid at 120 °C. The mixture was heated at this
temperature overnight and filtered through the pad of the celite. The mixture was extracted
with methylene chloride and the organic layer was washed with Na,SO; solution. The
solvent was removed under vacuum and chromatography 5-20% ethyl acetate in hexanes
afforded 5.5 g title compound as a white solid, mp: 51-53 °C. MS ES m/e 362.9 [M-HJ".

INTERMEDIATE 152

2°,6’-Dichloro-2,3-dimethoxybiphenyl: To a solution of 2,6-dichlorobromobenzene (5.0 g,
22 mmol) and sodium hydroxide (4.4 g, 0.11 mol) in Dh/[E;water (2:1, 180 mL) was added
2,3-dimethoxybenzene boronic acid (8.0 g 44 mmol) at 90 °C, followed by
tetrakis(triphenyl-phosphine)palladium (0) (0.77 g, 0.66 mmol). The reaction mixture was
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heated at 90°C overnight and cooled to room temperature. The mixture was extracted with
methylene chloride and washed with water. The organic solvent was removed under vacuum.
Chromatography with 5% ethyl acetate in hexanes afforded 4.57 g (72%) of the title
compound as a white solid, mp: 49-50 °C. MS EI m/e 282 M".

INTERMEDIATE 153

2’,6’-Dichlorobiphenyl-2,3-diol: To a solution of 2°,6’-dichloro-2,3-dimethoxybiphenyl
(4.56 g, 0.016 mmol) in 100 mL methylene chloride at 0 °C was added BBr; (3 eq, 4.56 mL)
during the S-minute period. The reaction was stirred at room temperature overnight, The
reaction was poured into the ice-water slowly and extracted with methylene chloride (3 x 100

mL) The orgamc layer was washed W1th water and dried over anhydrous sodium sulfate.
| The solvent was removed under vacuum. Column chromatography with 5-30% ethyl o
acetate/hexanes afforded the desired title compound (3.9 g,95%) as a colorless oil. MS ES
m/e 252.9 [M-HJ".

INTERMEDIATE 154
(S)-8-(2,6-Dichlorophenyl)-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)-methanol: To a solution
of 2’,6’-dichloro-biphenyl-2-ol (3.9 g, 0.015 mmol) in 100 mL DMF at room temperature
was added (R)-(-)-glycidyl tosylate (1.2 eq, 4.2 g) and potassium carbonate (5.3 g, 37.5
mmol). The reaction was heated at 70 °C overnight. The reaction was poured into the water
and extracted with ethyl acetate (3 x 100 mL). The organic layer was washed with water (3 x
100 mL) and dried over anhydrous sodium sulfate. The solvent was removed under vacuum.
Chromatography with 0-30% ethyl acetate/hexanes afforded the title compound (2.0 g, 42%)
as a colorless oil. [oJp® =+ 25° MS EI m/e 310 M*.

INTERMEDIATE 155
3-Bromo-5-fluoro-benzene-1,2-diol: To a solution of 3-bromo-5-fluoro-2-hydroxy-
benzaldehyde (12.04 g, 55 mmol) in methylene chloride (200 mL) was added m-CPBA (77%
max, 5.3 g). The resulting mixture was stirred at room temperature overnight and quenched
with 10% sodium sulfite and 10% sodium bicarbonate. The mixture was extracted with
methylene chloride and washed with water. The solvent was removed under vacuum to
afford crude material as a light yellow oil. To a solution of the crude oil in methanol was

added sodium hydroxide (8.8 g, 0.22 mol) at room temperature. The mixture was stirred at
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room temperature overnight and neutralized with concentrated hydrochloric acid. The
mixture was extracted with methylene chloride and washed with water. The organic solvent
was removed under vacuum. Chromatography with 10-40% ethyl acetate in hexanes
afforded 6.8 g (60%) of the title compound as a yellow oil. MS APPIm/e 205 [M - HJ

INTERMEDIATE 156
3-Bromo-5-chloro-benzene-1, 2-diol: To a solution of 3-bromo-5-chloro-2-hydroxy-
benzaldehyde (17.0 g, 72.2 mmol) in methylene chloride (300 mL) was added m-CPBA (77%
max, 42 g). The resulting mixture was stirred at room temperature overnight and quenched
with 1:1 10% sodium sulfite and saturated sodium bicarbonate. The mixture was extracted
with methylene chloride and washed with water. The solvent was removed under vacuum to
“afford a crude material as a light yellow oil. “To a’solution of the crude oil in métharnol was
added sodium bicarbonate (12 g, 144 mmol) at room temperature. The mixture was stirred at
room temperature for 3 hrs and the solvent removed under vacuum. The mixture was
extracted with ethyl acetate and washed with water. The organic solvent was removed under
vacuum. Chromatography with 10-40% ethyl acetate in hexanes afforded 10.5 g (65%) of the

title compound as a white solid.

INTERMEDIATE 157
2%,6’-Dichloro-5-fluoro-biphenyl-2,3-diol: To a solution of 2°,6’-dichloro-5-fluoro-2-
methoxy-biphenyl-3-ol (2.65 g, 9.2 mmol) im methylene chloride (60 mL) was added boron
tribromide (1.30 mL, 13.8 mmol) at —78 °C. The mixture was stirred at —78 °C to room
temperature overnight. The reaction mixture was poured into ice-NH4OH, extracted with
methylene chloride and the methylene chloride extract washed with water. The solvent was
removed under vacuum. Chromatography with 0-40% ethyl acetate in hexanes afforded 1.45
g (58%) of the title compound as a yellow oil. MS ESIm/e 271.1 [M - HJ

INTERMEDIATE 158
4-Bromo-6-chloro-benzo[1,3]dioxole-2,2-dicarboxylic acid diethyl ester: To a suspension
of 3-bromo-5-chlorobenzene-1,2-diol (10.5 g, 47 mmol) and potassium carbonate (16.2 g,
117 mmol) in DMF (100 mL) was added diethyl dibromomalonate (9.78 mL, 51 mmol) at
room temperature. The resulting mixture was stirred at room temperature overnight. The

solvent was removed under vacuum and mixture was extracted with ethyl acetate and water.
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The organic layer was washed with water and dried over anhydrous sodium sulfate and
filtered. The solvent was removed under vacuum. Chromatography with 0-30% ethyl acetate
in hexanes afforded 8.0g (45 %) of the title compound as a white solid.

INTERMEDIATE 159
4-Bromo-6-fluoro-benzo[1,3]dioxole-2,2-dicarboxylic acid diethyl ester: To a suspension
of 3-bromo-5-fluorobenzene-1,2-diol (6.8 g, 33 mmol) and potassium carbonate (11.3 g, 82.5
mmol) in acetone (150 mL) was added diethyl dibromomalonate (6.5 mL, 34.6 mmol) at
room temperature. The resulting mixture was stirred at room temperature overnight. The
acetone was removed under vacuum and mixture was extracted with methylene chloride and

water. The organic layer was washed with water and dried over anhydrous sodium sulfate

‘and-filtered.- The solvent was remeved under vacuum. Chromatography. with 0-30% ethyl

acetate in hexanes afforded 7.0g (59%) of the title compound as a colorless oil. MS EI m/e
362 M".

INTERMEDIATE 160
4-(2,6-Dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole-2,2-dicarboxylic acid diethyl ester:
Starting from 2°,6’-dichloro-5-fluoro-biphenyl-2,3-diol (1.45 g, 5.3 mmol) and following the
procedure described for Intermediate 159 above, the desired title compound 1.45 g (64%)
was obtained as a colorless oil. ME ESI m/e 446.0 [M + NH4]".

INTERMEDIATE 161
4-Bromo-6-fluoro-benzo|1,3]dioxole-2,2-dicarboxylic acid: A solution of 4-bromo-6-
fluoro-benzo[1,3]dioxole-2,2-dicarboxylic acid diethyl ester (7.0 g) in THF (75 mL) and 1IN
sodium hydroxide (75 mL) was stirred at room temperature for 2 days. The mixture was
neutralized with concentrated hydrochloric acid and extracted with methylene chloride. The
solvent was removed under vacuum to afford 5.0g (84%) of the title compound as a light
yellow oil. HRMS ESI m/e [M -H]J'".

INTERMEDIATE 162
4-Bromo-6-chloro-benzo(1,3]dioxole-2,2-dicarboxylic acid: A solution of 4-bromo-6-
chloro-benzo[1,3]dioxole-2,2-dicarboxylic acid diethyl ester (8.0 g) in THF (75 mL) and IN
sodium hydroxide (75 mL) was stirred at room temperature for 2 days. The mixture was
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neutralized with concentrated hydrochloric acid and extracted with methylene chloride. The
solvent was removed under vacuum to afford 5.5g (81%) of the title compound as a dark

yellow oil.

INTERMEDIATE 163
4-(2,6-Dichloro-phenyl)-6-fluoro-benzo[1,3]dioxele-2,2-dicarboxylic acid: Starting from
4-(2,6-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole-2,2-dicarboxylic acid diethyl ester (1.45
g) and following the procedure described for Intermediate 161 above, the desired title
compound (1.40 g, 94 %) was obtained as a colorless oil. HRMS ESI m/e 370.9532 [M +
NHJ".

INTERMEDIATE 164 -
4-Bromo-6-fluoro-benzo[1,3]dioxole-2-carboxylic acid: A solution of 4-bromo-6-fluoro-
benzo[1,3]dioxole-2,2-dicarboxylic acid (5.0 g) in mesitylene (40 mL) was refluxed for 7 h.
The solvent was removed under vacuum, to afford the title compound (2.86 g, 65%) as a
yellow oil. HRMS ESI m/e 260.9210 [M -H]".

INTERMEDIATE 165
4-Bromo-6-chloro-benzo[1,3]dioxole-2-carboxylic acid: A solution of 4-bromo-6-chloro-
benzo[1,3]dioxole-2,2-dicarboxylic acid (5.5 g) in mesitylene (50 mL) was refluxed
overnight. The solvent was removed under vacuum to afford the title compound (4.4 g, 93%)
as a pale yellow solid. MS ESIm/e 278 [M -HJ".

INTERMEDIATE 166
4-(2,6-Dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole-2-carboxylic acid: Starting from 4-
(2,6-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole-2,2-dicarboxylic acid (1.40 g) and
following the procedure described for Intermediate 164 above, the title compound was
obtained as a colorless oil. HRMS ESI m/e 326.9641[M - HJ".

INTERMEDIATE 167
4-Bromo-6-fluoro-benzo[1,3)dioxole-2-carboxylic acid methyl ester: To a solution of the
crude 4-bromo-6-fluoro-benzof1,3]dioxole-2-carboxylic acid (2.4 g, 9.1 mmol) in methylene
chloride (30 mL) was added (trimethylsilyl)diazomethane (2.0 M in hexanes, 6.8 mL, 13.6
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mmol) very slowly at 0 °C. The mixture was stirred at 0 °C for 15 min and poured into ice
water. The mixture was extracted with methylene chloride and washed with water. The
solvent was removed under vacuum. Chromatography with 0-30% ethyl acetate and hexanes
afforded 0.91 g (35%) of the title compound as a light yellow oil. MS APPI m/e 275 [M -
HT.

INTERMEDIATE 168
4-Bromo-6-chloro-benzo[1,3]dioxole-2-carboxylic acid methyl ester: To a solution of the
crude 4-bromo-6-chloro-benzo[1,3]dioxole-2-carboxylic acid (4.4 g, 15.7 mmol) in
methylene chloride (50 mL) was added (trimethylsilyl)diazomethane (2.0 M in hexanes, 14
mL, 28 mmol) very slowly at 0 °C. The mixture was stirred at 0 °C for 30 min and poured

~into ice water. The mixture was extracted with methylene chloride and washed with water. =~~~

The solvent was removed under vacuum. Chromatography with 5-25% ethyl acetate and
hexanes afforded 3.7 g (80%) of the title compound as a white solid. MS EIm/e 292 [M-HJ"

INTERMEDIATE 169
4-(2,6-Dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole-2-carboxylic acid methyl ester:
Starting from 4-(2,6-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole-2-carboxylic acid and
following the procedure described for Intermediate 168 above, the desired title compound
(0.72 g, 54%) was obtained as a colorless oil. MS ESI m/e 360.0 [M + NH,]".

INTERMEDIATE 170
(4-Bromo-6-fluoro-benzo[1,3]dioxol-2-yl) methanol: To a solution of 4-bromo-6-fluoro-
benzo[1,3]dioxole-2-carboxylic acid methyl ester (0.46 g, 1.7 mmol) in THF was added
sodium borohydride (0.62 g, 17 mmol) at room temperature. The mixture was stirred at room
temperature overnight and quenched with methanol slowly at 0 °C. The mixture was
extracted with methylene chloride and washed with water. The solvent was removed under
vacuum. Chromatography with 0-60% ethyl acetate in hexanes afforded 0.24 g (58%) of the
titleproduct as a colorless oil. MS ESI m/e 246.9 [M -H]J".

INTERMEDIATE 171
(4-Bromo-6-chloro-benzo[1,3]dioxol-2-yI)-methanol: To a solution of 4-bromo-6-chloro-
benzo[1,3]dioxole-2-carboxylic acid methyl ester (3.7 g, 12.6 mmol) in THF (100 mL) was
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added sodium borohydride (4.8 g, 127 mmol) at room temperature. The mixture was stirred
at room temperature overnight and quenched with methanol slowly with an ice bath
underneath. The mixture was extracted with ethyl acetate and the extract washed with water.
The solvent was removed under vacuum. Chromatography with 0-60% ethyl acetate in
hexanes afforded 2.7 g (80%) of the title compound as a white solid. MS EI m/e 264 [M-H]".

INTERMEDIATE 172
[4-(2,6-Dichloro-phenyl)-6-fluoro-benzo{1,3]dioxol-2-yl]-methanol: Starting from 4-(2,6-
dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole-2-carboxylic acid methyl ester (0.72 g 2.1
mmol) and following the procedure described for Intermediate 170, the desired product 0.31
g (47%) was obtained as a colorless oil. MS ESI m/e312.9 [M - HJ.

INTERMEDIATE 173
Toluene-4-sulfonic acid 4-bromo-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester: To a
solution of 4-bromo-6-fluoro-benzo[1,3]dioxol-2-yl) methanol (0.24 g, 0.96 mmol) in
methylene chloride (30 mL) was added p-toluenesulfonyl chloride (0.27g, 1.15 mmol),
diisopropylethylamine (0.42 mL, 2.4 mmol) and DMAP (catalytical amount) at room
temperature. The resulting mixture was stirred at room temperature for 24 h. Then the
reaction was quenched with ice water and extracted with methylene chloride. The organic
layer was washed with water and dried over anhydrous sodium sulfate and filtered. The
solvent was removed under vacuum. Chromatography with 10-40% ethyl acetate in hexanes
afforded 0.34 g (88%) of the title compound as a colorless oil. HRMS ESI m/e 419.9919 [M

+NHy]"

INTERMEDIATE 174
Toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[l,3]dioxol-2-ylmethyl ester: To a
solution of 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl) methanol (2.7 g, 10.2 mmol) in
methylene chloride (100 mL) was added p-toluenesulfonyl chloride (2.9 g, 15.3 mmol),
diisopropylethylamine (3.5 mL, 20.3 mmol) and 4-DMAP (catalytical amount) at room
temperature. The resulting mixture was stirred at room temperature for 24 h. Then the
reaction was quenched with ice water and extracted with methylene chloride. The organic
layer was washed with water and dried over anhydrous sodium sulfate and filtered. The
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solvent was removed under vacuum. Chromatography with 10-40% ethyl acetate in hexanes
afforded 4.3 g (100 %) of the title compound as a white solid. MS ES m/z 436 [M + NH,]".

INTERMEDIATE 175
Toluene-4-sulfonic acid 4-(2,6-Dichloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl
ester: Starting from [4-(2,6-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-yl}-methanol
(0.31g, 0.98 mmol) and following the procedure described for Intermediate 173, the desired
product 0.43 g (93%) was obtained as a colorless oil. HRMS ESI m/e 486.0338 [M + NH,]".

INTERMEDIATE 176

Toluene-4-sulfonic acid 4-(2,4-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl
ester: To a solution toluene-4-sulfonic acid 4-bromo-6-fluoro-benzo[1,3}dioxol-2-ylmethyl - -- -
ester of (0.34 g, 8.4 mmol) and 2,4-dichlorobenzene boronic acid (0.64 g, 2.5 mmol) in
dioxane-water (4/1) was added dichlorobis(tri-o-tolyphosphine)-palladium (IT) (0.02 g, 0.02

mmol) and potassium carbonate (0.29 g, 2.1 mmol). The reaction mixture was heated at 90

°C for 0.5 h. The mixture was filtered through the pad of celite and concentrated under
vacuum. Chromatography with 10-30% ethyl acetate in hexanes afforded 0.32 g (81%) of the

title compound as an colorless oil. HRMS ESI m/e 486.0349 [M + NH,]"

INTERMEDIATE 177
Toluene-4-sulfonic acid 4-(2-methyl-phenyl)-6-fluoro-benzo(1,3]dioxol-2-ylmethyl ester:
Starting from 2-methylbenzene boronic acid (0.16 g, 0.39 mmol) and following the
procedure described for Intermediate 176, the title compound (0.14 g, 88%) was obtained as a
colorless oil. MS ES m/e 432.1 [M + NH]".

INTERMEDIATE 178
Toluene-4-sulfonic acid 4-(2-methoxy-phenyl)-6-fluoro-benzo[1,3}dioxol-2-ylmethyl
ester: Starting from 2-methoxybenzene boronic acid (0.16 g, 0.39 mmol) and following the
procedure described for Intermediate 176, the title compound (0.13 g, 80%) was obtained as a
colorless oil. MS EST m/e 448.1 [M + NH,]".
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INTERMEDIATE 179
Toluene-4-sulfonic acid 4-(2-fluoro-phenyl)-6-fluoro-benzo[1,3)dioxol-2-ylmethyl ester:
Starting from 2-fluorobenzene boronic acid (0.16 g, 0.39 mmol) and following the procedure
described for Intermediate 176, the title compound (0.16 g, 94%) was obtained as a colorless
oil. MS ES m/e 436.1 [M + NH,4]".

INTERMEDIATE 180
Toluene-4-sulfonic acid 4-(2-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester:
Starting from 2-chlorobenzene boronic acid (0.16 , 0.39 mmotl) and following the procedure
described for Intermediate 176, the title compound (0.15 g, 85%) was obtained as a colorless
- oil. MS-ES m/e-452.0 [M + NH,]*.~

INTERMEDIATE 181
Toluene-4-sulfonic acid 4-phenyl-6-fluoro-benzof1,3]dioxol-2-ylmethyl ester:
Starting from phenyl boronic acid (0.13 g, 0.37 mmol) and following the procedure
described for Intermediate 176, the title compound (0.13 g, 90%) was obtained as a colorless
oil. MS ES m/e 418.1 [M + NH,]".

INTERMEDIATE 182
Toluene-4-sulfonic acid 4-(3-chloro-phenyl)-6-fluoro-benzo[1,3])dioxol-2-ylmethyl ester:
Starting from 3-chlorobenzene boronic acid (0.17 g, mmol) and following the procedure
described Intermediate 176, the title compound (0.15 g, 85%) was obtained as a colorless oil.
MS ES m/e 452.0 [M + NH,]".

INTERMEDIATE 183
Toluene-4-sulfonic acid 4-(4-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester:
Starting from 4-chlorobenzene boronic acid (0.15 g, 0.37 mmol) and following the procedure
described Intermediate 176, the title compound (0.13 g, 78%) was obtained as a colorless oil.
MS ES m/e 452.0 [M + NH,J".
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INTERMEDIATE 184
Toluene-4-sulfonic  acid  4-(2-trifluoromethyl-phenyl)-6-fluoro-benzo[1,3]dioxol-2-
ylmethyl ester: Starting from 2-trifluormethylbenzene boronic acid (0.16 g, 0.39 mmol) and
following the procedure described for Intermediate 176, the title compound (0.15 g, 80%)
was obtained as a colorless oil. MS ES m/e 486.0 [M + NH,]*.

INTERMEDIATE 185
Toluene-4-sulfonic acid 4-(2, S-dichloro-phenyl)-6-fluoroe-benzof1,3]dioxol-2-ylmethyl
ester:
Starting from 2, 5-dichlorobenzene bornic acid (0.16 g, 0.39 mmol) and following the
procedure described for Intermediate 176, the title compound (0.14 g, 85%) was obtained as a
colorless oil. MS ES m/e 486.0 [M + NH,J*.

General procedure to generate biaryl derivatives from toluene-4-sulfonic acid 4-bromo-

6-chloro-benzo[1,3]dioxol-2-yl-methyl ester

To a solution of toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (1.0 eq) and substituted benzene boronic acid (3 eq) in DME-water (4/1) was added
tetrakis(triphenylphospine) palladium (0) (0.1 eq) and sodium carbonate (3 eq). The reaction
mixture was heated at 80 °C until starting material was gone. The mixture was filtered
through the pad of celite and concentrated under vacuum. Chromatography with 10% ethyl

acetate in hexanes afforded the title compounds.

[00181] Using the general procedure outlined above, INTERMEDIATES 186-197 can be
prepared.

INTERMEDIATE 186
Toluene-4-sulfonic acid 4-(2-chloro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester:
Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester
(0.30 g, 0.71 mmol) and 2-chlorobenzene boronic acid (0.33 g, 2.1 mmol), the general

procedure described above gave the title compound (0.28 g, 81%) as a colorless oil.
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INTERMEDIATE 187
Toluene-4-sulfonic acid  4-(2-methyl-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo{1,3]dioxol-2-yl-methyl
ester (0.30 g, 0.71 mmol) and 2-methylbenzene boronic acid (0.28 g, 2.1 mmol), the general

procedure described above gave the title compound (0.30 g, 98%) as a colorless oil.

INTERMEDIATE 188
Toluene-4-sulfonic acid 4-(2-methoxy-phenyl)-6-chloro-benzo{1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo(1,3]dioxol-2-yl-methyl
ester (0.30 g, 0.71 mmol) and 2-methoxybenzene boronic acid (0.28 g, 2.1 mmol), the general

procedure described above gave the title compound (0.30 g, 98%) as a colorless oil.

INTERMEDIATE 189
Toluene-4-sulfonic acid 4-(2-fluoro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester:
Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester
(0.30 g, 0.71 mmol) and 2-fluorobenzene boronic acid (0.29 g, 2.1 mmol), the general

procedure described above gave the title compound (0.27 g, 87%) as a colorless oil.

INTERMEDIATE 190
Toluene-4-sulfonic acid 4-(5-chloro-2-methoxy-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-
methyl ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]}dioxol-2-
yl-methyl ester (0.30 g, 0.71 mmol) and 5-chloro-2-methoxybenzene boronic acid (0.39 g, 2.1
mmol), the general procedure described above gave the title compound (0.27 g, 79%) as a

colorless oil.

INTERMEDIATE 191
Toluene-4-sulfonic acid 4-(2,3-dimethoxy-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.30 g, 0.71 mmol) and 2,3-dimethoxybenzene boronic acid (0.38 g, 2.1 mmol), the

general procedure described above gave the title compound (0.30 g, 88%) as a colorless oil.
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INTERMEDIATE 192
Toluene-4-sulfonic acid 4-(2,4-dichloro-phenyl)-6-chloro-benzo(1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.30 g, 0.71 mmol) and 2,4-dichlorobenzene boronic acid (0.40 g, 2.1 mmol), the

general procedure described above gave the title compound (0.20 g, 58%) as a colorless oil.

INTERMEDIATE 193
Toluene-4-sulfonic acid 4-(4-chloro-2-methyl-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-
methy! ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-
yl-methyl ester (0.30 g, 0.71 mmol) and 4-chloro-2-methylbenzene boronic acid (0.36 g, 2.1
mmol), the general procedure described above gave the title compound (0.34 g, 100%) as a

colorless oil.

INTERMEDIATE 194
Toluene-4-sulfonic acid 4-(2,5-dichloro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.30 g, 0.71 mmol) and 2,5-dichlorobenzene boronic acid (0.40 g, 2.1 mmol), the

general procedure described above gave the title compound (0.24 g, 69%) as a colorless oil.

INTERMEDIATE 195
Toluene-4-sulfonic acid 4-(2,5-difluoro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.30g, 0.71 mmol) and 2,5-difluorobenzene boronic acid (0.33 g, 2.1 mmol), the

general procedure described above gave the title compound (0.30 g, 93%) as a colorless oil.

INTERMEDIATE 196
Toluene-4-sulfonic acid 4-(2,5-dimethoxy-phenyD-G-ch!oro-benzo[1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.30 g, 0.71 mmol) and 2,5-dimethoxybenzene boronic acid (0.38 g, 2.1 mmol), the

general procedure described above gave the title compound (0.20 g, 59%) as a colorless oil.
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INTERMEDIATE 197
Toluene-4-sulfonic acid 4-(2-phenyl-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester: Starting from toluene-4-sulfonic acid 4-bromo-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.40 g, 0.95 mmol) and 2-phenylbenzene boronic acid (0.40 g, 2.0 mmol) according to
the general procedure described above gave the desired product (0.48 g, 100%) as a colorless
oil,

INTERMEDIATE 198
2-Azidomethyl- 4-(2,4-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole: A mixture of toluene-
4-sulfonic acid 4-(2,4-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.32 g,
0.79 mmol) and sodium azide (0.26 g, 3.95 mmol) in DMF was heated at 90 °C overnight.
" The reaction was quenched with water. The miixture was extracted with methylene chloride.
The organic layer was washed with water and dried over sodium sulfate. The organic solvent

was removed under vacuum. Chromatography with 10-20% ethyl acetate in hexanes
afforded 0.24 g (89%) of the title compound as a colorless oil. MS EI m/e 339 M".

INTERMEDIATE 199
2-Azidomethyl- 4-(2-methoxy-phenyl)-6-fluoro-benzo[1,3]dioxole: Starting from toluene-
4-sulfonic acid 4-(2-methoxy-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.13 g,
0.30 mmol) and following the procedure described for Intermediate 198, gave the title

compound (77 mg, 85%) was obtained as a colorless oil.

INTERMEDIATE 200
2-Azidomethyl- 4-phenyl-6-fluoro-benzo[1,3]dioxole: Starting from toluene-4-sulfonic acid
4-phenyl-6-fluoro-benzo[ 1,3]dioxol-2-ylmethyl ester (0.13 g, 0.32 mmol) and following the
procedure described for Intermediate 198, the title compound (76 mg, 85%) was obtained as a
colorless oil. MS EI m/e 271 M".

INTERMEDIATE 201
2-Azidomethyl- 4-(3-chloro-phenyl)-6-fluoro-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(3-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.15 g, 0.34
mmol) and following the procedure described for Intermediate 198, the title compound (90
mg, 86%) was obtained as a colorless oil. MS EI m/e 305 M".
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INTERMEDIATE 202
2-Azidomethyl- 4-(4-chloro-phenyl)-6-fluoro-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(4-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.13 g, 0.30
mmol) and following the procedure described for Intermediate 198, the title compound (73
mg, 80%) was obtained as a colorless oil. MS EI m/e 305 M,

INTERMEDIATE 203
2-Azidomethyl-  4-(2,5-dichloro-phenyl)-6-fluoro-benzo[1,3}dioxole;:  Starting from
toluene-4-sulfonic acid 4-(2,5-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester
(0.14 g, 0.30 mmol) and following the procedure described for Intermediate 198, the title

~ compound (99 mg, 88%) was obtained as a colorless oil. MS EIm/e 339 MY, — =~ 7 -

INTERMEDIATE 204
2-Azidomethyl- 4-(2-trifluoromethyl-phenyl)-6-fluoro-benzo[1,3]dioxole: Starting from
toluene-4-sulfonic acid 4-(2-trifluoromethyl-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl
ester (0.15 g, 0.32 mmol) and following the procedure described for Intermediate 198, the
title compound (85 mg, 79%) was obtained as a colorless oil. MS EI m/e 339 M.

INTERMEDIATE 205
2-Azidomethyl- 4-(2-methyl-phenyl)-6-f_luoro-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(2-methyl-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.14 g, 0.34
mmol) and following the procedure described for Intermediate 198, the title compound (78
mg, 90%) was obtained as a colorless oil. MS EIm/e 285 M".

INTERMEDIATE 206
2-Azidomethyl- 4-(2-chloro-phenyl)-6-fluoro-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(2-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.15 g, 0.34
mmol) and following the procedure described for Intermediate 198, the desired product (93
mg, 88%) was obtained as a colorless oil. MS EI m/e 305 M".

Page 116 0f 193



2
}%9“7{:
4

WO 2006/116158 PCT/US2006/015201

INTERMEDIATE 207
2-Azidomethyl- 4-(2-fluoro-phenyl)-6-fluoro-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(2-fluoro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.16 g, 0.38
mmol) and following the procedure described for Intermediate 198, the desired product (97
mg, 88%) was obtained as a colorless oil. MS EI m/e 289 M

INTERMEDIATE 208
2-Azidomethyl-6-chloro-4-(2-chloro-phenyl)-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(2-chloro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester (280 mg, 0.62
mmol) and following the procedure described for Intermediate 198, 0.18 g (90%) of the title

compound was obtained as a colorless oil.

INTERMEDIATE 209
2-Azidomethyl-6-chloro-4-(2-methyl-phenyl)-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(2-methyl-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester (0.30 g, 0.69
mmol) and following the procedure described Intermediate 198, 0.20 g (95%) of the title

compound was obtained as a colorless oil.

INTERMEDIATE 210
2-Azidomethyl-6-chloro-4-(2-methoxy-phenyl)-benzo[1,3]dioxole: Starting from toluene-
4-sulfonic acid 4-(2-methoxy-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester (0.26 g,
0.69 mmol) and following the procedure described Intermediate 198, 0.18 g (100%) of the

title compound was obtained as a colorless oil.

INTERMEDIATE 211
2-Azidomethyl-6-chloro-4-(2-fluoro-phenyl)-benzo[1,3]dioxole: Starting from toluene-4-
sulfonic acid 4-(2-fluoro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester (0.27 g, 0.62
mmol) and following the procedure described Intermediate 198, 0.18 g (95%) of the title

compound was obtained as a colorless oil.

INTERMEDIATE 212
2-Azidomethyl-6-chloro-4-(5-chloro-2-methoxy-phenyl)-benzo[1,3]dioxole: Starting from
toluene-4-sulfonic  acid  4-(5-chloro-2-methoxy-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-
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methyl ester (0.27 g, 0.56 mmol) and following the procedure described Intermediate 198,
0.19 g (95%) of the tile product was obtained as a colorless oil.

INTERMEDIATE 213
2-Azidomethyl-6-chloro-4-(2, 3-dimethoxy-phenyl)-benzo[l1,3]dioxole:  Starting from
toluene-4-sulfonic acid 4-(2, 3-dimethoxy-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.30 g, 0.63 mmol) and following the procedure described Intermediate 198, 0.20 g

(91%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 214
2-Azidomethyl-6-chloro-4-(2, 4-dichloro-phenyl)-benzo[1,3]dioxole: Starting from
" " toluene-4-sulfonic acid 4-(2, 4-dichloro-phenyl)-6-chlorc-benzo[1,3]diox0l-2-yl-methyl ester
(0.20 g, 0.41 mmol) and following the procedure described Intermediate 198, 0.12 g (82%) of

the title compound was obtained as a colorless oil.

INTERMEDIATE 215
2-Azidomethyl-6-chloro-4-(4-chloro-2-methyl-phenyl)-benzo[1,3]dioxole: Starting from
toluene-4-sulfonic acid 4-(4-chloro-2-methyl-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.34 g, 0.73 mmol) and following the procedure described Intermediate 198, 0.20 g

(83%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 216
2-Azidomethyl-6-chloro-4-(2, 5-dichloro-phenyl)-benzo[l1,3]dioxele: Starting from
toluene-4-sulfonic acid 4-(2, 5-dichloro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester
(0.24 g, 0.49 mmol) and following the procedure described Intermediate 198, 0.16 g (90%) of

the title compound was obtained as a colorless oil.

INTERMEDIATE 217
2-Azidomethyl-6-chloro-4-(2, 5-difluoro-phenyl)-benzo[1,3]dioxole: Starting from
toluene-4-sulfonic acid 4-(2, 5-difluoro-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester
(0.30 g, 0.66 mmol) and following the procedure described Intermediate 198, 0.20 g (95%)

of the title compound was obtained as a colorless oil.
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INTERMEDIATE 218
2-Azidomethyl-6-chloro-4-(2, 5-dimethoxy-phenyl)-benzo[l,3]dioxole: Starting from
toluene-4-sulfonic acid 4-(2, 5-dimethoxy-phenyl)-6-chloro-benzo[1,3]dioxol-2-yl-methyl
ester (0.20 g, 0.42 mmol) and following the procedure described Intermediate 198, 0.14 g
(96%) of the title compound was obtained as a colorless oil.

INTERMEDIATE 219
2-Azidomethyl-4-biphenyl-2-yl-6-chloro-benzo[1,3]dioxole:  Starting from toluene-4-
sulfonic acid 4-biphenyl-6-chloro-benzo[1,3]dioxol-2-yl-methyl ester (0.47 g, 0.95 mmol)
and following the procedure described Intermediate 198, 0.31 g (90%) of the title compound

was obtained as a colorless oil.

INTERMEDIATE 220
2-Azidomethyl-4-(2,6-dichloro-phenyl)-G-ﬂuoro—benzo[1,3] dioxole: Starting from toluene-
4-sulfonic acid 4-(2,6-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-ylmethyl ester (0.24 g,
0.51 mmol) and following the procedure described for Intermediate 198 above, the title
compound (0.16 g, 92%) was obtained as a colorless oil. MS EI m/e 339 M.
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General procedure to prepare Examples 102 - 108:
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Intermediates 231-237 Intermedlates 238-244 Examples 102-108

INTERMEDIATE 221

1-allyloxy-2-bromo-benzene: A solution of 2-bromo-phenol (100 g, 578 mmol) and
K,CO; (159 g, 1.15 mol) in DMF (300 mL) was heated at 50 °C for 30 min. The resulting
mixture was cooled to RT and allyl bromide (71 mL, 694 mmol) was added dropwise. After
completion of addition the reaction mixture was allowed to stir at 50 °C for 12 h, The
reaction mixture was filtered and the filtrate diluted with ethyl acetate (1000 mL) and
washed with water (5 x 100 mL). The organic layer was dried (sodium sulfate) and
concentrated under vacuum. Chromatography with 5% ethyl acetate in hexanes afforded
120 g (98 %) of the title compound as a colorless oil.

INTERMEDIATE 222
2-allyl-6-bromo-phenol: A solution of 1-allyloxy-2-bromo-benzene (100 g) in mesitylene
(140 mL) was refluxed for 72 h. The mixture was diluted with hexane and basified with
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concentrated NaOH solution. The aqueous layer was washed with hexane (3 x 100 ml),
acidified with concentrated HCIl and extracted with ethylacetate (5 x 200 mL). Combined
organic layers were dried (sodium sulfate) and concentrated under vacuum to afford 80 g of

the crude title compound, which was used as such in the next step.

INTERMEDIATE 223
1-allyl-2-benzyloxy-3-brome-benzene: To a solution of 2-allyl-6-bromo-phenol (25 g, 0.12
mol) in acetone (1 L) was added potassium carbonate (33.1 g, 0.24 mol) followed by
benzylbromide (25,6 g, 0.15 mol). The resulting mixture was allowed to stir at 50 °C for 12 h,
The solvent was removed under vacuum and the residue diluted with water (500 ml) and

extracted with ethyl acetate (2 x 300 ml). The combined organic layers were washed with

water (500 ml), brine- (500 ml), -dried (sodium -sulphate), and evaporated under vacuum.. - -

Chromatography with 10% ethyl acetate in hexanes afforded 30.0 g (85 %) of the title

compound as a pale yellow oil.

INTERMEDIATE 224
2-benzyloxy-1-bromo-3-((E)-propenyl)-benzene:  1-allyl-2-benzyloxy-3-bromo-benzene

(6.7 g, 0.02 mol) was added to a solution of KOH (7.6 g, 0.13 mol) in H,0 (3 mL) and EtOH
(20 mL). The reaction mixture was heated at 90 °C for 5 h. The solvent was removed under
vacuum and the residue diluted with water (20 ml) and extracted with DCM (2 x 20 ml). The
combined organic layers were washed with water (20 ml) and brine (20 ml), dried (sodium
sulphate), and the solvent removed under vacuum. Chromatography with 10% ethyl acetate in
hexanes afforded 6.0 g (90 %) of the title compound.

INTERMEDIATE 225
2-benzyloxy-3-bromo-benzaldehyde: A solution of 2-benzyloxy-1-bromo-3-((E)-propenyl)-
benzene (20 g, 65 mmol) in dry CH;Cl; (200 mL) was cooled at —78°C and gaseous O;
(generated by passing O, through ozonolysis instrument) was bubbled for 2 hours. Triphenyl
phosphine (18.16 g, 69 mmol) was added and the reaction mixture was allowed to stir for 12
h at r.t. The mixture was concentrated under vacuum. Chromatography with 10-20% ethyl
acetate in hexanes afforded 16.0 g (83 %) of the title compound.
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INTERMEDIATE 226

2-benzyloxy-3-bromo-phenol: To a solution of 2-benzyloxy-3-bromo-benzaldehyde (30 g,
103 mmol) in dry CH,Cl, (250 mL) was added m-chloroperbenzoic acid (40.2 g, 233 mmol).
The resulting mixture was stirred at room temperature for 12h. The reaction mixture was
diluted with CH,Cl, (200 mL), washed with 10% NaHCO; solution and water. The organic
layer was dried (sodium sulfate) and concentrated under vacuum. The crude oil thus obtained
was dissolved in methanol (300 mL) and basic aluminum oxide (115 g) was added. The
reaction mixture was stirred at RT for 12 h, Reaction mixture was filtered and the filtrate
concentrated under vacuum. Chromatography with 10-20% ethyl acetate in hexanes afforded
18.0 g (62.6 %) of the title compound.

INTERMEDIATE 227
(R)-2-(3-bromo-2-benzyloxy-phenoxymethyl)-oxirane: To a solution of 2-benzyloxy-3-
bromo-phenol (5.0 g, 17.9 mmole) in dry DMF (30 mL) was added 60% sodium hydride-
mineral oil dispersion (17.9 mmole) and the mixture thus obtained was stirred at room
temperature under nitrogen for 30 min. R-glycidyl tosylate (4.8, 21.5 mmole) was added to
the reaction in one portion. The mixture was heated at 70 °C for 16 hours. The solvent was
removed under vacuum and the crude was dissolved in methylene chloride (30 mL). The
solution was washed with water (2 x 15 mL) and the aqueous back-extracted with methylene
chloride (15 mL). The combined organics were washed with brine, dried (sodium sulphate),
and concentrated under vacuum. Chromatography with 0-20% ethyl acetate in hexanes
afforded 4.3 g (71 %) of the title compound.

INTERMEDIATE 228
2-bromo-6-((R)-1-oxiranylmethoxy)-phenol: A heterogeneous solution of (R)-2-(3-
bromo-2-benzyloxy-phenoxymethyl)-oxirane (2.9 g, 8.6 mmol) and 5% Pd-C (1.35g)ina
cyclohexene : AcOEt (2.7 mL : 25 mL) mixture, was refluxed under nitrogen atmosphere
for 30 min. The reaction mixture was filtered on celite and concentrated under vacuum to
afford 2.3 g of crude title compound, which was used as such in the following synthetic

steps.
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INTERMEDIATE 229
((S)-8-Bromo-2,3-dihydro-benzo[1,4]dioxin-2-yI)-methanol: To a solution of 2-bromo-6-
((R)-1-oxiranylmethoxy)-phenol (2.3 g crude) in methanol (100 mL) was added K2CO; (1.5
g) and the reaction mixture was stirred for 4 h at RT. Reaction mixture was filtered and
concentrated under vacuum. The residue was dissolved in CH;Cl, (200 mL), washed with
brine, dried (sodium sulfate) and evaporated under vacuum to afford 1.2 g of crude title

compound, which was used as such in the following synthetic step.

INTERMEDIATE 230

Synthesis of toluene-4-sulfonic acid (R)-8-bromo-2,3-dihydro-benzo[l,4]dioxin-2-
ylmethyl ester: To a solution of ((S)-8-Bromo-2,3-dihydro-benzo[1,4]dioxin-2-yl)-methanol
"(1.2g crudeé) and EtsN (1.7 mL; 12.2 mmol) in CH,Cl; (30 mL) was added p-toluensulfonyl
chloride (900 mg, 4.9 mmol). The reaction mixture was stirred at RT for 12 h and then
diluted with CH,Cl, (200 mL), washed with 1N HCI solution and brine. The organic layer
was dried (sodium sulfate) and evaporated under vacuum. Chromatography with 10-20 %
ethyl acetate in hexanes afforded 820 mg (24 %, three steps) of the title compound.

General procedure to generate biaryl derivatives from toluene-4-sulfonic acid (R)-8-
bromo-2,3-dihydro-benzo[1,4] dioxin-2-ylmethyl ester:

[00182] To a solution of toluene-4-sulfonic acid (R)-8-bromo-2,3-dihydro-
benzo{1,4]dioxin-2-ylmethyl ester (1 eq) and substituted benzene boronic acid (1.5 eq) in
DME-water (4/1) was added, under N, atmosphere, tetrakis( triphenylphospine) palladium
(0) (0.1 eq) and sodium carbonate (3 eq). The reaction mixture was heated at 85 °C until
starting material disappeared, [Reaction monitored by TLC]. After reaction completion the
cooled reaction mixture was diluted with water and extracted with ethyl acetate. Combined
organic layers were washed with brine, dried (sodium sulfate) and concentrated under

vacuum. Chromatography with 10% ethyl acetate in hexanes afforded product as an oil.

[00183] Using the general procedures outlined above, Intermediates 231-237 were
prepared

Page 123 0of 193



s

ANtz

WO 2006/116158 PCT/US2006/015201

INTERMEDIATE 231
Toluene-4-sulfonic acid (R)-8-(2,4-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
yhmethyl ester: Starting from toluene-4-sulfonic acid (R)-8-bromo-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (820 mg, 2 mmol) and 2,4-dimethylbenzene boronic acid,

620 mg (73 %) was obtained as a colorless oil.

INTERMEDIATE 232
Toluene-4-sulfonic acid (R)-8-(4-methioxy-2-methyl-phenyl)-2,3-dihydro-

benzo[1,4]dioxin-2-yImethyl ester: Starting from toluene-4-sulfonic acid (R)-8-bromo-2,3-
dihydro-benzo[1,4]dioxin-2-ylmethyl ester (400 mg, 1 mmol) and 2-methyl-4-

methoxybenzene boronic acid, 400 mg (90 %) was obtained as a colorless oil.

INTERMEDIATE 233
Toluene-4-sulfonic acid (R)-8-(4-ethoxy-2-methyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-

2-ylmethyl ester: Starting from toluene-4-sulfonic acid (R)-8-bromo-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (500 mg, 1.3 mmol) and 2-methyl-4-ethoxybenzene

boronic acid, 460 mg (78 %) was obtained as a colorless oil.

INTERMEDIATE 234
Toluene-4-sulfonic acid (R)-8-(2,6-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-

ylmethyl ester: Starting from toluene-4-sulfonic acid (R)-8-bromo-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (500 mg, 1.3 mmol) and 2,6-dimethoxybenzene boronic
acid, 260 mg (44 %) was obtained as a colorless oil.

INTERMEDIATE 235
Toluene-4-sulfonic acid (R)-8-(4-fluoro-2-isopropoxy-phenyl)-2,3-dihydro-

benzo[1,4]dioxin-2-ylmethyl ester: Starting from toluene-4-sulfonic acid (R)-8-bromo-2,3-
dihydro-benzo[1,4]dioxin-2-ylmethyl ester (500 mg, 1.3 mmol) and 4-fluoro-2-

isopropoxybenzene boronic acid, 500 mg (81 %) was obtained as a colorless oil.

INTERMEDIATE 236
Toluene-4-sulfonic acid (R)-8-(4-fluoro-2-methoxy-phenyl)-2,3-dibydro-

benzo[1,4]dioxin-2-ylmethyl ester: Starting from toluene-4-sulfonic acid (R)-8-bromo-2,3-
dihydro-benzo[1,4]dioxin-2-ylmethyl ester (750 mg, 1.88 mmol) and 4-fluoro-2-

methoxybenzene boronic acid, 350 mg (42 %) was obtained as a colorless oil.
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INTERMEDIATE 237
Toluene-4-sulfonic acid (R)-8-(2-chloro-4-methoxy-phenyl)-2,3-dihydro-

benzo[1,4]dioxin-2-ylmethyl ester: Starting from toluene-4-sulfonic acid (R)-8-bromo-2,3-
dihydro-benzo[1,4]dioxin-2-ylmethyl ester (500 mg, 1.25 mmol) and 2-chloro-4-

methoxybenzene boronic acid, 525 mg (90 %) was obtained as a colorless oil.

[00184] General procedure to generate azido derivatives from toluene-4-sulfonic
acid (R)-8-aryl-2,3-dihydro-benzo[1,4]dioxin-2-ylmethyl ester:

[00185] To a solution of toluene-4-sulfonic acid (R)-8-aryl-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (1 eq) in DMSO, NaN; (8 eq) was added under inert
- atmosphere and reaction mixture was allowed to stir at 70 -°C until -starting- material -
disappeared. Reaction mixture was diluted with water and extracted with ethyl acetate.
Combined organic layers were washed with brine, dried over anhydrous Na;SO4 and

concentrated under vacuum. The products obtained were used as such in the next step.

[00186] Using the general procedures outlined above, Intermediates 238-244 were
prepared.

INTERMEDIATE 238
(S)-2-Azidomethyl-8-(2,4-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine: Starting
from toluene-4-sulfonic acid (R)-8-(2,4-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
ylmethyl ester (600mg, 1.4 mmol), 450 mg was obtained as an oil.

INTERMEDIATE 239
(S)-2-Azidomethyl-8-(4-methoxy-2-methyl-phenyl)-2,3-dibydro-benzo[1,4]dioxine:
Starting from toluene-4-sulfonic acid (R)-8-(4-methoxy-2-methyl-phenyl)-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (450mg, 1.0 mmol), 320 mg was obtained as an oil.

INTERMEDIATE 240
(S)-2-Azidomethyl-8-(4-ethoxy-2-methyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine:
Starting from toluene-4-sulfonic acid (R)-8-(4-ethoxy-2-methyl-phenyl)-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester 460mg, 1.1 mmol), 320 mg was obtained as an oil.
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INTERMEDIATE 241
(S)-2-Azidomethyl-8-(2,6-dimethoxy-phenyl)-2,3-dibydro-benzo[1,4]dioxine:  Starting
from toluene-4-sulfonic acid (R)-8-(2,6-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-
2-ylmethyl ester (260mg, 0.6 mmol), 140 mg was obtained as an oil.

INTERMEDIATE 242
(S)-2-Azidomethyl-8-(4-fluoro-2-isopropoxy-phenyl)-2,3-dihydro-benzo[1,4] dioxine:
Starting from toluene-4-sulfonic acid (R)-8-(4-ﬂuoro-2-isopropoxy-phenyl)-2,3-dihydro-
benzo(1,4]dioxin-2-ylmethyl ester (500mg, 1.2 mmol), 240 mg was obtained as an oil.

INTERMEDIATE 243--
(S)-2-Azidomethyl-8-(4-fluoro-2-methoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxine:
Starting from toluene-4-sulfonic acid (R)-8-(4-fluoro-2-methoxy-phenyl)-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (350mg, 0.8 mmol), 250 mg was obtained as an oil.

INTERMEDIATE 244
(S)-2-Azidomethyl-8-(2-chloro-4-methoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxine:
Starting from toluene-4-sulfonic acid (R)-8-(2-chloro-4-methoxy-phenyl)-2,3-dihydro-
benzo[1,4]dioxin-2-ylmethyl ester (500mg, 1.2 mmol), 370 mg was obtained as an oil.

General procedure to generate amino derivatives from (S)-2-Azidomethyl-8-(aryl)-
2,3-dihydro-benzo[1,4]dioxine:

[00187] To a solution of (S)-2-Azidomethyl-8-(aryl)-2,3-dihydro-benzo[1,4]dioxine (1
eq) and EtsN (3 eq) in dry methanol cooled at 0 %C, 1,3-propanedithiol (3 eq) was added
under inert atmosphere. The solution was allowed to stir at RT for 12 h. The mixture was
filtered through the pad of celite and concentrated under vacuum. Chromatography with 1
% methanol in methylene chloride afforded the product as an oil. The oil was dissolved in

methylene chloride and converted to a white solid hydrochloric salt.

EXAMPLE 1

{[8-(2-Chlorophenyl)-2,3-dibydro-1,4-benzodioxin-2-yljmethyl}amine: A solution of 2-
azidomethyl-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (100 mg, 0.33 mmol) and
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5% Pt-S; on carbon (0.25 g) in methanol (50 mL) was hydrogenated under 55-60 Psi in a Parr
apparatus overnight. The mixture was filtered through the pad of celite. The solvent was
removed under vacuum to form a colorless oil. The oil was dissolved in ethanol and
converted to a white solid fumaratefumarate salt (37 mg); mp 210-211 °C;

MS (ES) m/z 276 M + H]"

Elemental Anal. for CysH4CINO; » C4;H404:

Theory: C, 58.25; H, 4.63; N, 3.57.

Found: C,57.81; H, 4.58; N, 5.67

[00188] General procedure to generate I from azide derivatives:

[00189] To a solution of intermediate azide (1.0 mmol) in tetrahydrofuran was added
polymer-supported triphenylphosphine (~3 mmol/g, 2.0 mmol) and water. The€ mixture was =~
stirred at room temperature for 24 hours, and filtered through the pad of celite. The solvent
was removed under vacuum to form a colorless oil. The oil was dissolved in ethanol and

fumarateconverted to the fumarate salt as above.

[00190] Using the general procedures outlined above, Examples 2-6, 8-16, 56-77, 78-84
and 90-101 were prepared.

EXAMPLE 2
{I8-(2-Fluorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from 2-
azidomethyl-8-(2-fluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (140 mg, 0.5 mmol), 87 mg
(47%) of the title compound was obtained as a fumarate salt; mp188-190 °C;

MS (ESD) m/z 260 [M + H]".
Elemental Anal. for C;sH4FNO; ¢« C4H;04:
Theory: C, 60.80; H, 4.83; N, 3.73.

Found: C, 61.14; H, 4.42; N, 3.74

EXAMPLE 3
{[8-(2-Methylphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from 2-
azidomethyl-8-(2-methyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine (110 mg, 0.39 mmol), 42
mg (29%) of the title compound was obtained as a fumarate salt, mp 201-202 °C; MS (ESI)
m/z 256 [M + H]".
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Elemental anal. for CigH;7NO,°C4H;04:
Theory: C, 64.68; H, 5.70; N, 3.77.
Found: C, 64.70; H, 5.46; N, 3.71.

EXAMPLE 4
({8-[2-(Triflnoromethyl)phenyl]-2,3-dihydro-1,4-benzodioxin-2-yl}methyl)amine:
Starting from 2-azidomethyl-8-(2-trifluoromethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine
(150 mg, 0.45 mmol), 109 mg (57%) of the title compound ws obtained as a fumarate salt;
mp 208-209 °C; MS (ESI) m/z 310 [M + HJ*.

Elemental anal. for C;gH4F3NO; ¢ C4H;04:
Theory: C, 56.47; H, 4.27; N, 3.29.
Found: C,56.56; H,4.15; N, 3.17 ~

EXAMPLE 5
{[8-(2-Methoxyphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from 2-
azidomethyl-8-(2-methoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxine (130 mg, 0.39 mmol), 99
mg (58%) of the title compound was obtained as a fumarate salt, mp 186-187 °C; MS (ESI)
m/z 272 [M + H]*; MS (ESI) m/z 313.

Elemental Anal. for C;gH;7NO;3 » C4H404:
Theory: C, 62.01; H, 5.46; N, 3.62.

Found: C, 61.91; H, 5.50; N, 3.26

EXAMPLE 6
{[8-(2,3-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from
2-azidomethyl-8-(2,3-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (175 mg, 0.52 mmol),
76 mg (34%) of the title compound was obtained as a fumarate salt; mp 211-212 °C; MS
(ESI) m/z 310 [M + HJ",

Elemental Anal. for C;sH;3CoNO; » C/H,O4:
Theory: C, 53.54; H, 4.02; N, 3.29.

Found: C, 52.67; H, 3.34; N, 3.05
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EXAMPLE 7
{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: A solution of
2-azidomethyl-8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (130 mg, 0.39 mmol)
and 5% Pt-S; on carbon (0.25 g) in methanol (50 mL) was hydrogenated under 55-60 psi
overnight. The mixture was filtered through the pad of celite. The solvent was removed
under vacuum to form a colorless oil. The oil was dissolved in ethanol and converted to a
white solid fumarate salt (30 mg); mp 192-193 °C; MS (ES) m/z 310.0 [M + H]*,

Elemental Anal. for C;sH;3C;pNO; « C4H404:
Theory: C, 53.54; H, 4.02; N, 3.29.

Found: C, 53.56; H, 3.93; N, 3.09.

EXAMPLE 8
{[8-(2,5-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yllmethyl}amine: Starting from
2-azidomethyl-8-(2,5-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (140 mg), 87 mg
(49%) of the title compound was obtained as a fuarate salt; mp 206-207 °C; MS (ESI) m/z
310 M+ H]*

Elemental Anal. for C;sH;3CbNO; » C4H404:
Theory: C, 53.54; H, 4.02; N, 3.29.
Found: C, 53.64; H, 3.49; N, 3.13.

EXAMPLE 9
{[8-(2,3-Dimethoxyphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting
from 2-azidomethyl-8-(2,3-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxine (100 mg, 0.30
mmol), 59 mg (46%) of the title compound was obtained as a fumarate salt; mp 198-199 °C;
MS (ESI) m/z 302 [M +H]".

Elemental Anal. for C;7H;9NO4 ¢ C;H404:

Theory: C, 60.43; H, 5.55; N, 3.36.

Found: C, 60.05; H, 5.44; N, 3.18
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EXAMPLE 10
{I8-(2,3-Dimethylphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from
2-azidomethyl-8-(2,3-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine (130 mg, 0.44 mmol),
104 mg (61%) of the title compound was obtained as a fumarate salt; mp 204-205 °C; MS
(ESI) m/z 270; MS (EST) m/z 311[M + H]"

Elemental Anal. for C{7H;oNO, ¢ C;H404:
Theory: C, 65.44; H, 6.02; N, 3.63.
Found: C, 65.39; H, 5.99; N, 3.27.

EXAMPLE 11
{[8-(2,5-Dimethylphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from
" 2-azidometliyl-8-(2,5-dimethyl-phenyl)-2,3-dihydro-benzo[1;4]dioxine (140-mg, 0.47 mmol),-
103 mg (56%) of the title compound was obtained as a fumarate salt; mp 199-200 °C; MS
(ES) m/z270.2 [M +H]"

Elemental Anal. for C;7H;NO, » C4H304:
Theory C, 65.44; H, 6.02; N, 3.63.
Found: C, 65.24; H, 5.45; N, 3.44.

EXAMPLE 12
{[8-(2,6-Dimethylphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from
2-azidomethyl-8-(2,6-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxine, 30 mg of the title
compound was obtained as a fumarate salt; mp 205-206 °C; MS (ES) m/z270.1 [M + H]"
Elemental Anal. for C{7H;oNO; ¢+ C4H;04:

Theory: C, 65.44; H, 6.02; N, 3.63.

Found: C, 65.27; H, 6.12; N, 3.48.

EXAMPLE 13
{[8-(2,3-Difluorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from
2-azidomethyl-8-(2,3-difluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (150 mg, 0.49 mmol),
73 mg (38%) of the title compound was obtained as a fumarate salt; mp 189-190 °C; MS
(EST) m/z 278 [M + HJ".

Elemental Anal. for C;sH;3F;NO; » C4H404:
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Theory: C, 58.02; H, 4.36; N, 3.56.
Found: C, 57.82; H, 4.30; N, 2.78.

EXAMPLE 14
{[8-(2,4-Difluorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from
2-azidomethyl-8-(2,4-difluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (120 mg, 0.39 mmol),
62 mg (40%) of the title compound was obtained as a fumarate salt; mp 183-184 °C; MS
(ES) m/z278.1 [M + HJ".

Elemental Anal. for CysH;3FaNO; » C4H;04:
Theory: C, 58.02; H, 4.36; N, 3.56.
Found: C, 58.03; H, 4.44; N, 3.32.

EXAMPLE 15
{[8-(2,5-Difluorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: Starting from
2-azidomethyl-8-(2,5-didifluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxine (120 mg, 0.40
mmol), 46 mg (30%) of the title compound was obtained as a fumarate salt; mp 189-190 °C,
MS (ESD) m/z 278 [M + HJ". '

Elemental Anal. for C;sH;3F;NO, » C4H;04:
Theory: C, 58.02; H, 4.36; N, 3.56.
Found: C, 57.86; H, 4.50; N, 3.21

EXAMPLE 16
{[8-(5-Chloro-2-methoxyphenyl)-2,3-dihydro-1,4-benzodioxin-2-yllmethyl}amine:
Starting from 2-azidomethyl-8-(5-chloro-2-methoxy-phenyl)-2,3-dihydro-benzo[1,4]-dioxine
(140 mg, 0.42 mmol), 104 mg (58%) of the title compound was obtained as a fumarate salt;
mp 192-193 °C; MS (EST) m/z 306 [M + H]",

Elemental Anal. for C;¢H;6CINO3 ¢ 0.50 C;H404:
Theory: C, 59.43; H, 4.99; N, 3.85.

Found: C, 59.20; H, 4.87; N, 3.55
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[00191] General procedure to generate I from corresponding tosylate:

[00192] A solution of tosylate (1 eq) and corresponding amines (10 eq) in DMSO was
heated at 70 °C overnight. The reaction was quenched with saturated sodium bicarbonate and
extracted with methylene chloride. The organic layer was washed with water and dried over
anhydrous sodium sulfate. The solvent was removed under vacuum and afforded a crude
material. The crude oil was dissolved in ethanol and converted into its fumaric salt by

addition of one equivalent of fumaric acid.
[00193] Using the general procedures outlined above, Examples 17-45 were prepared.

EXAMPLE 17
N-Methyl-N-{[8-(2-methylphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine:
Starting from toluene-4-sulfonic acid 8-(2-methyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-
yl-methyl ester (175 mg, 0.43 mmol), 116 mg (70%) of the title compound was obtained as a
fumarate salt; mp 177-178 °C; MS (ES) m/z 270.2 [M + H]".

Elemental anal. for C17H;oNO; « C4H;04
Theory: C, 65.44; H, 6.02; N, 3.63.
Found: C, 65.25; H, 6.02; N, 3.35.

EXAMPLE 18
{[8-(2-Fluorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}metbylamine:  Starting
from toluene-4-sulfonic acid 8-(2-fluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl-methyl
ester (205 mg, 0.49 mmol), 148 mg (77%) of the title compound was obtained as a fumarate
salt, mp 191-192 °C; MS (ES) m/z 274.1 [M + H]".

Elemental Anal. for CyH;gFNO; » C4H4O4:

Theory C, 61.69; H, 5.18; N, 3.60.
Found: C, 61.36; H, 4.92; N, 3.23

EXAMPLE 19
{[8-(2-Methoxyphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine: Starting
from toluene-4-sulfonic acid 8-(2-methoxy-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-yl-
methyl ester (175 mg, 0.41 mmol,) 123 mg (74%) of the title compound was obtained as a

fumarate salt; mp 168-169 °C; MS (ES) m/z 286.1 [M + H]*.
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Elemental Anal. for C;7H;oNQ;3 » C;H4O4:
Theory: C, 62.84; H, 5.78; N, 3.49.
Found: C, 62.43; H, 5.94; N, 3.31.

EXAMPLE 20
N-Methyl-1-{8-[2-(trifluoromethyl)phenyl]-2,3-dihydro-1,4-benzodioxin-2-
yl}methanamine: Starting from toluene-4-sulfonic acid 8-(2-trifluoromethyl-phenyl)-2,3-
dihydro-benzo[1,4]-dioxin-2-yl-methyl ester (220 mg, 0.47 mmol), 116 mg (72%) of the
title compound was obtained as a fumarate salt; mp 184-185 °C; MS (ES) m/z 324.1 [M +
H]+
Elemental Anal. for C17H15F3N02 o C4H404:

Theory: C, 57.41; H, 4.59; N, 3.19,
Found: C, 57.45; H, 4.40; N, 2.99,

EXAMPLE 21
{[8-(2-Chlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine: ~ Starting
from toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydro-benzof1,4]-dioxin-2-yl-methyl
ester (143 mg, 0.33 mmol), 74 mg (55%) of the title compound was obtained as a fumarate
salt; mp 174-175 °C; MS (ES) m/z 290.1 [M + HJ".

EXAMPLE 22
{[8-(2,3-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine:
Starting from toluene-4-sulfonic acid 8-(2,3-dichloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-
2-yl-methyl ester (175 mg, 0.38 mmol), 117 mg (71 %) of the title compound was obtained
as a fumarate salt; mp 184-185 °C; MS (ES) m/z 324.1 [M + HJ".

Elemental Anal. for C1¢H;5C;zNO; » C4H404
Theory: C, 54.56; H, 4.35; N, 3.18.
Found: C, 54.49; H, 3.99; N, 2.78.

EXAMPLE 23
{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine:
Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-
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2-yl-methyl ester (150 mg, 0.32 mmol), 87 mg (61%) of the title compound was obtained as
a fumarate salt, mp 180-181 °C; MS (ES) m/z 324.1 [M + HJ".

EXAMPLE 24
{[8-(2,5-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine:
Starting from toluene-4-sulfonic acid 8-(2,5-dichloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-
2-yl-methyl ester (185 mg, 0.4 mmol), 141 mg (80%) of the title compound was obtained as
a fumarate salt; mp 166-167 °C; MS (ES) m/z 324.1 [M + HJ".

Elemental Anal, for C;H;5CpNO; * C4HyO4:
Theory: C, 54.56; H, 4.35; N, 3.18.
Found: C, 54.46; H, 4.38; N, 2.88.

EXAMPLE 25
{[8-(2,3-Dimethylphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine:
Starting from toluene-4-sulfonic acid 8-(2,3-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]-
dioxin-2-yl-methyl ester (185 mg, 0.43 mmol), 115 mg (66%) of the title compound was
obtained as a fumarate salt; mp 194-195 °C; MS (ES) m/z 284.1 [M + H]".

Elemental Anal. for CigHy1NO; » C4H404:

Theory: C, 66.15; H, 6.31; N, 3.51.
Found: C, 66.10; H, 6.12; N, 3.42.

EXAMPLE 26
{I8-(2,5-Dimethylphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine:
Starting from toluene-4-sulfonic acid 8-(2,5-methyl-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-
2-yl-methyl ester (215 mg, 0.50 mmol), 131 mg (67%) of the title compound was obtained
as a fumarate salt; mp 174-175 °C; MS (ES) m/z 284.2 [M + HJ".

Elemental Anal. for C;gH;1NO;y ¢ C;H404:
Theory: C, 66.15; H, 6.31; N, 3.51.
Found: C, 65.89; H, 6.27; N, 3.17.
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EXAMPLE 27
{[8-(2,3-Difluorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yllmethyl} methylamine: Starting
from toluene-4-sulfonic acid 8-(2,3-difluoro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-yl-
methyl ester (200 mg, 0.46 mmol), 125 mg (66%) of the title compound was obtained as a
fumarate salt; mp 181-182 °C; MS (ES) m/z 292.1 [M + HJ".

Elemental Anal. for C;gHsF2NO; » C4H404:
Theory: C, 58.97; H, 4.70; N, 3.44,

Found: C, 58.80; H, 4.69; N, 3.13.

EXAMPLE 28
{_[8;(_2,4_-_-Difluorophenyl)-2,3-dihydro-l,4-benzodioxin-2-yl]methyl}methylamine: Starting
from toluene-d-sulfonic acid 8-(2,4-difluoro-phenyl)-2,3-dihydro-berizo[1,4]-dioxin-2-yI- - -
methyl ester (200 mg, 0.46 mmol), 135 mg (71%) of the title compound was obtained as a
fumarate salt; mp 174-175 °C; MS (ES) m/z 292.1 [M +H]".
Elemental Anal. for Cy¢H;sFaNO; » C4H404:
Theory: C, 58.97; H, 4.70; N, 3.44.
Found: C, 58.86; H, 4.77; N, 3.37.

EXAMPLE 29
{[8-(2,5-Difluorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine: Starting
from toluene-4-sulfonic acid 8-(2,5-difluoro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-yl-
methy! ester (185 mg, 0.42 mmol), 135 mg (77%) of the title compound was obtained as a
fumarate salt; mp 193-194 °C; MS (ES) m/z 292.1 [M + HJ".

Elemental Anal. for CygH;5F3NO, » C;H4O4:
Theory: C, 58.97; H, 4.70; N, 3.44.
Found: C, 58.64; H, 4.51; N, 3.25.

EXAMPLE 30
{[8-(2,3-Dimethoxyphenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}methylamine:
Starting from toluene-4-sulfonic acid 8-(2,3-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]-
dioxin-2-yl-methyl ester (155 mg, 0.34 mmol), 37 mg (25%) of the title compound was
obtained as a fumarate salt; mp 159-160 °C; MS (ES) m/z 316.1.

Elemental Anal. for CigH1NO, ¢ CsH404:
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Theory: C, 61.25; H, 5.84; N, 3.25.
Found: C, 61.04; H, 5.79; N, 3.19.

EXAMPLE 31
{[8-(5-Chloro-2-methoxyphenyl)-2,3-dihydro-1,4-benzodioxin-2-
yljmethyl}methylamine: Starting from toluene-4-sulfonic acid 8-(5-chloro-2-methoxy-
phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-yl-methyl ester (230 mg, 0.50 mmol), 51 mg
(24%) of the title compound was obtained as a fumarate salt; mp 172-173 °C; MS (ES) m/z
320.1.

Elemental Anal, for C;7H;sCINO; » C;H;04:
Theory: C, 57.87; H, 5.09; N, 3.21.
- Found: C,57.82;H,442;N,3.16. ~ =~~~ "o Tm oo m men

EXAMPLE 32
N-{[8-(2-Chlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}ethanamine: Starting
from toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydro-be;120[1,4]-dioxin-2-yl-methyl
ester (142 mg, 0.33 mmol), 107 mg (77%) of the title compound was obtained as a fumarate
salt, mp 196-197 °C;MS (ES) m/z 304.1.

EXAMPLE 33
N-{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}ethanamine:
Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-
2-yl-methyl ester (150 mg, 0.32 mmol), 92 mg (62%) of the title compound was obtained as
a fumarate salt; mp 179-180 °C; MS (ES) m/z 338.1 [M + H]".

EXAMPLE 34
N-{[8-(2-Chloropl;enyl)-2,3-dihydro-l,4-benzodioxin-Z-yl]methyl}propan-l-amine:
Starting from toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-
yl-methyl ester (140 mg, 0.32 mmol), 88 mg (62%) of the title compound was obtained as a
fumarate salt, mp 166-167 °C; MS (ES) m/z 318.1 [M + HJ".
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EXAMPLE 35
N-{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}propan-1-amine:
Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-
2-yl-methyl ester (150 mg, 0.32 mmol), 77 mg (51%) of the title compound was obtained as
a fumarate salt, mp 178-179 °C; MS (ES) m/z 352.1 [M + H]",

EXAMPLE 36
N-{[8-(2-Chlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}propan-2-amine:
Starting from toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydro-benzol1,4]-dioxin-2-
yl-methyl ester (140 mg, 0.33 mmol), 58 mg (41%) of the title compound was obtained as a

fumarate salt; mp 199-200 °C; MS (ES) m/z 318.1 [M + H]",

EXAMPLE 37
N-{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl} propan-2-amine:
Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo{1,4]-dioxin-
2-yl-methyl ester (150 mg, 0.32 mmol), 70 mg (51%) of the title compound was obtained as
a fumarate salt, mp 222-223 °C; MS (ES) m/z 352.1 [M + HJ",

EXAMPLE 38
{[8-(2-Chlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}dimethylamine: Starting
from toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-yl-methyl
ester (140 mg, 0.33 mmol), 69 mg (51%) of the title compound was obtained as a fumarate
salt; mp 196-197 °C; MS (ES) m/z 304.1 [M + H]",

EXAMPLE 39
{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yllmethyl}dimethylamine:
Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-benzof1,4]-dioxin-
2-yl-methyl ester (150 mg, 0.32 mmol), 84 mg (51%) of the title compound was obtained as
a fumarate salt, mp 232-233 °C; MS (ES) m/z 338.1[M + HJ"
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EXAMPLE 40
N-{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl} prop-2-en-1-
amine: Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-
benzo[1,4]-dioxin-2-yl-methyl ester (150 mg, 0.32 mmol), 58 mg (39%) of the title
compound was obtained as a fumarate salt, mp 167-168 °C; MS (ES) m/z 350.1 [M + H]",

EXAMPLE 41
{[8-(2-Chlorophenyl)-2,3-dihydre-1,4-benzodioxin-2-yljmethyl}(cyclopropylmethyl)-
amine: Starting from toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]-
dioxin-2-yl-methyl ester (142 mg, 0.33 mmol), 112 mg (76%) of the title compound was
obtained as a fumarate salt; mp 138-140 °C; MS (ES) m/z 330.1 [M + H]*,

EXAMPLE 42
(Cyclopropylmethyl){[8-(2,4-dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}
amine: Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-
benzo[1,4]-dioxin-2-yl-methyl ester (150 mg, 0.32 mmol), 61 mg (39%) of the title
compound was obtained as a fumarate salt, mp 155-156 °C; MS (ES) m/z 364.1 [M + HJ"

EXAMPLE 43
N-{[8-(2-Chlorophenyl)-2,3-dihydro-1,4-benzodioxin-2yljmethyl}cyclopropanamine:
Starting from toluene-4-sulfonic acid 8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-
yl-methyl ester (142 mg, 0.33 mmol), 79 mg (55%) of the title compound was obtained as a
fumarate salt; mp 148-149 °C; MS (ES) m/z 316.1 [M + H]

EXAMPLE 44
N-{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-
yl]methyl}cyclopropanamine: Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-
phenyl)-2,3-dihydro-benzo[1,4]-dioxin-2-yl-methyl ester (150 mg, 0.32 mmol), 66 mg
(44%) of the title compound was obtained as a fumarate salt, mp 181-182 °C; MS (ES) m/z
350.1 [M +HJ".
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EXAMPLE 45
N-{[8-(2,4-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yllmethyl}cyclobutanamine:
Starting from toluene-4-sulfonic acid 8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]-dioxin-
2-yl-methyl ester (150 mg, 0.32 mmol), 109 mg (70%) of the title compound was obtained
as a fumarate salt, mp 204-205 °C; MS (ES) m/z 364.1 [M + H]*,

EXAMPLE 46
{[(2S)-8-(2,6-Dichlorophenyl)-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: To a
solution of (§)-2-azidomethyl-8-(2,6-dichlorophenyl)- 2,3-dihydro-benzo-[1,4]dioxin (1.33 g,
3.95 mmol) in tetrahydrofuran was added triphenylphosphine (1.5 g, 5.9 mmol) and water.

The mixture was stirred at room temperature for 24 hours. The solvent was removed under

vacuum. Chromatography with 0-10% methanol in ethyl acetate plus 1% NH,OH afforded a -

colorless oil. The oil was dissolved in ethyl acetate and made into its hydrochloric salt (0.95
g, 69%) using excess ethereal hydrochloric acid to give a white solid, mp 165-167 °C; [0]P25
= +20.00° (¢ 1% solution in MeOH).

Elemental Anal. for C;sH;3C1,NO; * HCI:

Theory: C, 51.97; H, 4.07; N, 4.04.

Found: C, 51.60; H, 4.39; N, 3.64

EXAMPLE 47
{[(2S)-8-(2,6-Dichlorophenyl)-6-fluoro-2,3-dihydro-1,4-benzodioxin-2-yllmethyl}amine:
To a solution of (S)-2-azidomethyl-8-(2,6-dichlorophenyl)-6-fluoro-2,3-dihydro-benzo-
[1,4]dioxin (0.26 g, 0.73 mmol) in tetrahydrofuran was added polymer-supported
triphenylphosphine (~3mmol/g, 2.0 mmol) and water. The mixture was stirred at room
temperature for 24 hours, and filtered through the pad of celite. The solvent was removed
under vacuum to form a colorless oil. The oil was dissolved in ethyl acetate and made into its
hydrochloric salt (0.17 g, 65%)using excess ethereal hydrochloric acid to give a white solid,
mp 165-167 °C; [0]s5 =+16.81° (¢ = 5.4MG/.7ML, MeOH).

Elemental Anal. for C1sH;,CLLFNO, « HCI:
Theory C, 49.41; H, 3.59; N, 3.84.
Found: C, 49.02; H, 3.54; N, 3.64
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EXAMPLE 48
{{(2S)-2-Methy}-8-phenyl-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine: To a solution
of (8)-2-azidomethyl-2-methyl-8-phenyl-2,3-dihydro-benzo[1,4]dioxine (0.17 g, 0.60 mmol)
in tetrahydrofuran was added polymer-supported triphenylphosphine (~3mmol/g, 2.0 mmol)
and water. The mixture was stirred at room temperature for 24 hours, and filtered through the
pad of celite. The solvent was removed under vacuum to form a colorless oil. The oil was
dissolved in ethyl acetate and converted to a white solid fumarate salt (29 mg, 16%) by
crystallization from ethanol with addition of one equivalent of fumaric acid. mp 130-133 °C;
MS (ES) m/z 256.1 [M + H]".

Elemental Anal. for Ci¢H7NO; * C4H4O4:
Theory: C, 64.68; H, 5.70; N, 3.77.
Found: C, 64.42; H, 5.73; N, 3.46.

EXAMPLE 49
{[(2S)-8-(2-Chlorophenyl)-2-methyl-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine:
Starting from (S)-2-azidomethyl-8-(2-chloro-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]-
dioxine(0.16 g, 0.51 mmol) and polymer-supported triphenylphosphine (~3mmol/g, 1.5
mmol), the procedure described for Example 48 gave the title compound (0.10 g, 91%) as a
colorless oil. The oil was dissolved in isopropyl alcohol and one equivalent of fumaric acid
added to give the fumarate as a white solid, mp 149-152 °C; MS (ES) m/z 290.1 [M + HJ".
Elemental Anal, for C1gH;6CINO; * C4H404 ¢ 0.85 H20:

Theory: C, 57.04; H, 5.19; N, 3.33.
Found: C, 56.59; H, 4.74; N, 3.06

EXAMPLE 50
{[(2S)-8-(3-Chlorophenyl)-2-methy}l-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine:
Starting from  (S)-2-azidomethyl-8-(3-chloro-phenyl)-2-methyl-2,3-dihydro-benzo[1,4]-
dioxine(0.17 g, 0.54 mmol) and polymer-supported triphenylphosphine (~3mmol/g, 0.27 g,)
the procedure described for Example 48, gavethe title compound (0.13 g, 83%) as a colorless
oil. The oil was dissolved in isopropy! alcohol and one equivalent of fumaric acid added to
give the fumarate as a white solid, mp 110-113 °C; MS (ES) m/z 290.1[M + H}".

Elemental Anal. for C1¢H;6CINO; » C4H;04¢ 0.50 H,O:
Theory: C, 57.91; H, 5.10; N, 3.38.
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Found: C, 57.84;H, 5.12; N, 3.38.

EXAMPLE 51
{[(2S)-8-(4-Chlorophenyl)-2-methyl-2,3-dihydro-1,4-benzodioxin-2-ylmethyl}amine:
Starting from  (S)-2-azidomethyl-8-(4-chloro-phenyl)-2-methyl-2,3-dihydro-benzof1,4]-
dioxine(0.23 g, 0.73 mmol) and polymer-supported triphenylphosphine (~3mmol/g, 0.24 g ),
the procedure described for Example 48, gave the title compound (0.18 g, 85%) as a colorless
oil. The oil was dissolved in isopropyl alcohol and one equivalent of fumaric acid added to
give the fumarate as a white solid, mp 155-158 °C; MS (ES) m/z 290.1; MS (ES) m/z 331.1
M+H]".

Elemental Anal. for CigH;4CINO3¢C4H404H,0:
Theory: C, 56.68; H, 5.23; N, 3.30.
Found: C, 56.75; H, 4.87; N, 3.07.

EXAMPLE 52
{[(2S)-8-(2-Methoxyphenyl)-2-methyl-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine:
Starting from (S)-2-azidomethyl-8-(2-methoxyphenyl)-2-methyl-2,3-dihydro-benzo[1,4]-
dioxine(0.13 g, 0.42 mmol) and polymer-supported triphenylphosphine (~3mmol/g, 0.14 g ),
the procedure described for Example 48 gave the title compound (0.11 g, 90%) as a colorless
oil. The oil was dissolved in isopropyl alcohol and one equivalent of fumaric acid added to
give the fumarate as a white solid, mp 128-131 °C; MS (ES) m/z 286.1 [M + HJ".

Elemental Anal. for C17H;sNO;3 » C4H404 ¢ 1.75 HyO:
Theory: C, 58.26; H, 6.17; N, 3.24.
Found: C, 58.00; H, 5.87; N, 3.19.

EXAMPLE 53
{[(2S)-2-Methyl-8-thien-3-y}-2,3-dihydro-1,4-benzodioxin-2-yljmethyl}amine:  Starting
from (8)-2-azidomethyl-8-thien-3-yl-2,3-dihydro-benzo[1,4]-dioxine(0.13 g, 0.45 mmol) and
polymer-supported triphenylphosphine (~3mmol/g, 0.15 g), the procedure described for
Example 48 gave the desired product (0.11 g, 93%) as a colorless oil. The oil was dissolved
in isopropy! alcohol and one equivalent of fumaric acid added to give the fumarate as a white
solid, mp 158-161 °C; MS (ES) m/z 262.1; MS (ES) m/z 303.1 [M + HJ".

Elemental Anal. for C1sH1sNO,S « C4H4O4# 0.25 H,O:
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Theory: C, 56.61; H, 5.15; N, 3.67.
Found: C, 56.85; H, 5.02; N, 3.47.

EXAMPLE 54
1-[4-(2,4-Dichlorophenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine: To a solution of
2-azidomethyl- 4-(2,4-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole (0.24 g, 0.7 mmo]) in
tetrahydrofuran was added triphenylphosphine (0.22 g, 0.84 mmol) and water. The mixture
was stirred at room temperature for 24 hours, and filtered through the pad of celite. The
solvent was removed under vacuum to form a colorless oil. The oil was dissolved in ethyl
acetate and made into its hydrochloride salt (115 mg, 46%) using excess ethereal
hydrochloric acid to give a white solid, mp 218-220 °C; MS (ES) m/z 314.0 [M + H]*.
Elemental Anal. for Cy4H;¢CpFNO; « HCI < 0.25H,0:

Theory: C, 47.35; H, 3.26; N, 3.94.
Found: C, 47.24; H, 2.99; N, 3.89.

EXAMPLE 55
1-[4-(2,6-Dichlorophenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine: To a solution of
2-azidomethyl- 4-(2,6-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole (0.16 g, 0.47 mmol) in
tetrahydrofuran was added triphenylphosphine (0.18 g, 0.71 mmol) and water. The mixture
was stirred at room temperature for 24 hours, and filtered through the pad of celite. The
solvent was removed under vacuum to form a colorless oil. The oil was dissolved in ethyl
acetate and made into its hydrochloric salt (76 mg, 46%) using excess ethereal hydrochloric
acid to give a white solid,mp 224-226 °C;MS (ES) m/z 314.0 [M + H]".

Elemental anal. for C14H;oCFNO, * HCL:
Theory: C, 47.96; H, 3.16; N, 3.99.
Found: C, 48.20; H, 2.96; N, 3.86.

EXAMPLE 56
1-[(2S)-8-(2-CHLOROPHENYL)-2,3-DIHYDRO-1,4-BENZODIOXIN-2-
YLJMETHANAMINE: To a solution of (R)-toluene-4-sulfonic acid 8-
trifluoromethanesulfonyloxy-2,3-dihydrobenzo[1,4]dioxin-2-ylmethyl ester (0.90 g, 1.9
mmol), prepared from (R)-toluene-4-sulfonic acid 8-formyl-2,3-dihydrobenzo[1,4]dioxin-2-
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ylmethyl ester by the procedure described for Intermediate 2, and 2-chlorobenzene boronic
acid (1.2 g, 7.6 mmol) in 50 mL of DME, was added 10 mL of water and 0.50 g (4.7 mmol)
of sodium carbonate. The mixture was brought to reflux under Argon and 112 mg of
tetrakis(triphenylphosphine)palladium (0) was added. Reflux was continued overnight. The
solvent was removed in vacuum and replaced with 400 mL of methylene chloride. The
solution was washed with 250 mL portions of water and saturated brine, dried over sodium
sulfate, filtered and concentrated in vacuum. Column chromatography on silica gel with 10%
ethyl acetate in hexane gave 730 mg of (R)-toluene-4-sulfonic acid 8-(2-chlorophenyl)-2,3-
dihydrobenzo[1,4]dioxin-2-yl methyl ester. This was dissolved in 25 mL of DMF, 650 mg
(10 mmol) of sodium azide added and the the mixture heated at 70-80 °C overnight. The
solvent was removed in vacuum and 250 mL of methylene chloride added. The mixture was
washed with 200 mL portions of wate and saturated brifie, dried over sodium sulfate, filtéréd
and concentrated in vacuum to 510 mg of (S)-2-azidomethyl-8-(2-chlorophenyl)-2,3-
dihydrobenzo[1,4]dioxine as a yellow oil. A solution of this oil in 50 mL of THF was treated
at room temperature with 2.4 g of polymer-supported triphenylphosphine and 10 mL of water
for 4 days. The mixture was filtered through Celite and concentrated to an oil in vacuum.
Column chromatography on silica gel with 0-5% methanol in methylene chloride, followed
by recrystallization from ethanol with addition of 150 mg of fumaric acid gave 0.40 g of the
title compound as a white solid, mp 200-1 °C. [a]p?® = +12,00° (¢ = 1% SOLUTION,
MeOH); MS (ES) m/z 276.0.

Elemental anal. for C,sH;4CINO; * C4H;04:

Theory: C, 58.25; H, 4.63; N, 3.57.

Found: C, 58.15; H, 4.59; N, 3.42,

EXAMPLE 57
1-{(2S)-8-]2-(trifluoromethyl)phenyl]-2,3-dihydro-1,4-benzodioxin-2-yl} methanamine:
To a solution of (R)-toluene-4-sulfonic acid 8-trifluoromethanesulfonyloxy-2,3-
dihydrobenzo[1,4]dioxin-2-ylmethyl ester (0.90 g, 1.9 mmol), prepared from (R)-toluene-4-
sulfonic acid 8-formyl-2,3-dihydrobenzo[1,4]dioxin-2-ylmethyl ester by the procedure
described for Intermediate 2, and 2-trifluoromethylbenzene boronic acid (1.44 g, 7.6 mmol)
in 50 mL of DME, was added 10 mL of water and 0.50 g (4.7 mmol) of sodium carbonate.
The mixture was brought to reflix under Argon and 112 mg of
tetrakis(triphenylphosphine)palladium (0) was added. Reflux was continued overnight. The
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solvent was removed in vacuum and replaced with 400 mL of methylene chloride. The
solution was washed with 250 mL portions of water and saturated brine, dried over sodium
sulfate, filtered and concentrate in vacuum, Column chromatography on silica gel with 10%
cthyl acetate in hexane gave 750 mg of  (R)-toluene-4-sulfonic acid 8-(2-
trifluoromethylphenyl)-2,3-dihydrobenzo[1,4]dioxin-2-yl methyl ester. This was dissolved in
25 mL of DMF, 650 mg (10 mmol) of sodium azide added and the the mixture heated at 70-
80 °C for 24 h. The solvent was removed in vacuum and 250 mL of methylene chloride
added. The mixture was washed with 250 mL portions of wate and saturated brine, dried
over sodium sulfate, filtered and concentrated in vacuum to 540 mg of (S)-2-azidomethyl-8-
(2-trifluoromethylphenyl)-2,3-dihydrobenzo[1,4]dioxine as a yellow oil. A solution of this
oil in 50 mL of THF was treated at room temperature with 2.4 g of polymer-supported
~ triphenylphosphine and 10 mL of water for 4 days. The mixturé was filteréd through Celite” ~~ -
and concentrated to an oil in vacuum. Column chromatography on silica gel with 0-5%
methanol in methylene chloride, followed by recrystallization from ethanol with addition of
150 mg of fumaric acid gave 0.44 g of the title compound as a white solid, mp 205-6 °C.
[o]p® = -13.2° (¢ = 1% SOLUTION, MeOH); MS (ES) m/z 310.1.

Elemental anal. for CyH;4F3NO; * C4H404:

Theory: C, 56.47; H, 4.27; N, 3.29.

Found: C, 56.38; H, 4.03; N, 3.22. PASS

EXAMPLE 58
(2S)-[6-Chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methylamine:
Starting from (S)-2-azidomethyl-8-(2-chloro-phenyl)-6-chloro-2,3-dihydro-benzo(1,4]dioxine
(0.29 g, 0.86 mmol), the procedure described in Example 54 afforded 0.18 g (58%) of the
title compound as a hydrochloride salt, mp 228-230 °C; HRMS ESI m/z 310.0399 [M +
H]".

Anal. for C1sH;3C;NO, « HCIL:
Theory: C, 51.97; H, 4.07; N, 4.04.
Found: C, 51.94; H, 3.59; N, 3.84.

EXAMPLE 59
(28)-[6-Chloro-8-(2-fluoro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methylamine:
Starting from (S)-2-azidomethyl-8-(2-fluoro-phenyl)-6-chloro-2,3-dihydro-benzo[1,4]dioxine
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(0.23 g, 0.72 mmol), the procedure described in Example 54 afforded 0.21 g (88%) of the
title compound as a hydrochloride salt, mp 176-178 °C; HRMS ESI m/z 294.0710 [M +
H]*.

Elemental Anal. for C;5H,;3CIFNO, » HCI:

Theory: C, 54.56; H, 4.27; N, 4.24.

Found: C, 55.41;H, 4.41;N, 3.87

EXAMPLE 60
(2S)-[6-Chloro-8-(2-methyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methylamine:
Starting from (S)-2-azidomethyl-8-(2-methyl-phenyl)-6-chloro-2,3-dihydro-

benzo[1,4]dioxine (0.26 g, 0.82 mmol), the procedure described in Example 54 afforded 0.20
g (75%) of the title compound as a “hydrochloride salt,” mp >245 °C; "HRMS ESI mn/z ~
290.0956 [M +H]".

Elemental Anal. for Cy¢H;5CINO; * HCI:

Theory: C, 58.91; H, 5.25; N, 4.29.

Found: C, 59.03; H, 4.92; N, 4.20.

EXAMPLE 61
(28)-[6-Chloro-8-(2-methoxy-phenyl)-2,3-dihydro-benzof1,4]dioxin-2-yI]-methylamine:
Starting from (S)-2-azidomethyl-8-(2-methoxy-phenyl)-6-chloro-2,3-dihydro-

benzo[1,4]dioxine (0.28 g, 0.84 mmol), the procedure described in Example 54 afforded 0.21
g (74%) of the title compound as a hydrochloride salt, mp 188-189 °C; HRMS ESI m/z
306.0905 [M+H]".

Elemental Anal. for C;¢H;sCINO; » HCI:

Theory: C, 56.16; H, 5.01; N, 4.09.

Found: C, 56.84; H, 4.82; N, 3.52.

EXAMPLE 62
(28)-[6-Chloro-8-(2-trifluoromethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-
methylamine: Starting from (8)-2-azidomethyl-8-(2-trifluoromethyl-phenyl)-6-chloro-2,3-
dihydro-benzo[1,4]dioxine (0.23 g, 0.62 mmol), the procedure described in Example 54
afforded 0.22 g (92%) of the title compound as a hydrochloride salt, mp 231-233 °C;
HRMS ESI m/z 344.0667 [M +HJ".
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Elemental Anal. for CisH3CIF;NO, » HCI:
Theory: C, 50.55; H, 3.71; N, 3.68.
Found: C, 50.68; H, 3.41; N, 3.62.

EXAMPLE 63
(2S)-[6-Chloro-8-(2,3-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yI}-methyl
amine: Starting from (S)-2-azidomethyl-8-(2, 3-dimethoxy-phenyl)-6-chloro-2,3-dihydro-
benzo[1,4]dioxine (0.28 g, 0.77 mmol), the procedure described in Example 54 afforded 0.21
g (72%) of the title compound as a hydrochloride salt, mp 197-199 °C; HRMS ESI m/z
336.1009 [M +H]J".

Elemental Anal. for Cy7H;3CINO; « HCl:
Theory: C, 54.85; H, 5.14; N, 3.76.
Found: C, 54.64; H, 5.09; N, 3.65.

EXAMPLE 64
(2S)-[6-Chloro-8-(2,4-dichloro-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methyl
amine: Starting from (S)-2-azidomethyl-8-(2, 4-dichloro-phenyl)-6-chloro-2,3-dihydro-
benzo[1,4]dioxine (0.29 g, 0.78 mmol), the procedure described in Example 54 afforded 0.14
g (47%) of the title compound as a hydrochloride salt, mp 140 °C; HRMS ESI m/z
3440009 M +H]".

Elemental Anal. for C1sH;3Cl3NO; » HCL:
Theory: C, 47.28; H, 3.44; N, 3.68.
Found: C, 47.30; H, 3.76; N, 3.35.

EXAMPLE 65
(2S)-[6-Chloro-8-(4-chloro-2-methyl-phenyl)-2,3-dihydro-benzo[1,4}dioxin-2-yl]-
methylamine: Starting from (S)-2-azidomethyl-8-(4-chloro-2-methyl-phenyl)-6-chloro-2,3-
dihydro-benzo[1,4]dioxine (0.29 g, 0.83 mmol), the procedure described in Example 54
afforded 0.17 g (55%) of the title compound as a hydrochloride salt, mp 110 °C; HRMS
ESI m/z 324.0555 [M+HJ".

Elemental Anal. for Cy6H,;5C1;NO, * HCI:
Theory: C, 53.28; H, 4.47; N, 3.88.
Found: C, 54.00; H, 4.76; N, 3.36.
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EXAMPLE 66
(2S)-[6-Chloro-8-(2, 4-di-triﬂuoroinethyl-phenyl)-Z,S-dihydro-benzo[1,4]dioxin-2-yl]-
methylamine: Starting from (S)-2-azidomethyl-8-(2, 4-di-trifluoromethyl-phenyl)-6-chloro-
2,3-dihydro-benzo[1,4]dioxine (0.33 g, 0.75 mmol), the procedure described in Example 54
afforded 0.25 g (75%) of the title compound as a hydrochloride salt, mp 120 °C; HRMS
ESIm/z 412.0540 [M +H]",
Elemental Anal. for C7H;2CIFgNO, « HCI:
Theory: C, 45.56 H, 2.92; N, 3.13.
Found: C, 45.45;H, 2.64; N, 2.97

EXAMPLE 67
(28)-[6-Chloro-8-(2,5-dichloro-phenyl)-2,3-dihydro-benzo[1,4] dioxin-2-yl]-methyl
amine: Starting from (S)-2-azidomethyl-8-(2, S5-dichloro-phenyl)-6-chloro-2,3-dihydro-
benzo[1,4]dioxine (0.28 g, 0.75 mmol), the procedure described in Example 54 afforded 0.23
g (79%) of the title compound as a hydrochloride salt, mp 205-207 °C; HRMS ESI m/z
344.0009 [M +H]".

Anal. for Cy5H12CI13NO, « HCI:
Theory: C, 47.28; H, 3.44; N, 3.68.
Found: C, 48.87; H, 3.62; N, 3.29.

EXAMPLE 68
(2S)-[6-Chloro-8-(S-chloro-2-methoxy-phenyl)-2,3-dihydro-benzo[1,4] dioxin-2-yl}-
methylamine: Starting from (S)-2-azidomethyl-8-(5-chloro-2-methoxy-phenyl)-6-chloro-
2,3-dihydro-benzo[1,4]}dioxine (0.29 g, 0.79 mmol), the procedure described in Example 54
afforded 0.23 g (78%) of the title compound as a hydrochloride salt, mp 230-232°C ;
HRMS ESI m/z 340.0510 [M + H]J".

Elemental Anal. for C;6H;5C1,NQO3 « HCIL:
Theory: C, 51.02; H, 4.28; N, 3.72.
Found: C, 50.90; H, 4.17; N, 3.63.
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EXAMPLE 69
(ZS)-[6-Chloro-8-(2,6-dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-z-yl]-methyl
amine; Starting from (S)-2-azidomethyl-8-(2, 6-dimethyl-phenyl)-6-chloro-2,3-dihydro-
benzo[1,4]dioxine (0.38 g, 1.15 mmol), the procedure described in Example 54 afforded 0.26
g (67%) of the title compound as a hydrochloride salt, mp 220-222 °C; HRMS ESI m/z
304.1108 [M+HJ".

Elemental Anal. for C;7H;sCINO; * HCIL:
Theory: C, 60.01; H, 5.63; N, 4.12.
Found: C, 60.11; H, 5.65; N, 3.90.

EXAMPLE 70
(ZS)-[7-Chloro-8-'-(2'-éhloro-phéiiyl)'-'z,3-dili'ydi‘0-bénzo{1;4]didxin'-‘Z-’yl]-methylamine: '
Starting from (S)-2-azidomethyl-7-chloro-8-(2-chloro-phenyl)-2,3-dihydro-benzo[1,4]dioxine
(0.1 g, 0.29 mmol), the procedure described in Example 54 afforded 55 mg (54%) of the title
compound as a hydrochloride salt, mp 105 °C; HRMS ESI m/z 310.0411 [M+ H]*.
Elemental Anal. for C;sH;3C1;NO, « HCL:

Theory: C, 51.97; H, 4.07; N, 4.04.
Found: C, 52.49; H, 4.32; N, 3.67.

EXAMPLE 71
(ZS)-[8-(Z-Chloro-phenyl)-7-fluoro—2,3-dihydro-benzo[1,4]dioxin-Z-yl]-methylamine:
Starting from (S)- 2-azidomethyl-8-(2-chloro-phenyl)-7-fluoro-2,3-dihydro-
benzo[1,4]dioxine (0.18 g, 0.58 mmol), the procedure described in Example 54 afforded 65
mg (34%) of the title compound as a hydrochloride salt, mp 208-210 °C; HRMS ESI m/z
294.0688 [M +H]".

EXAMPLE 72
((28)-7-Chloro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)methanamine: Starting
from (28)-2-(azidomethyl)-7-chloro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxine (0.60 g, 1.9
mmol), the procedure described in Example 54 afforded 0.48 g (77%) of the title compound
as a foam-like hydrochloride salt; no sharp mp was obtained; MS ES m/z 290.0 [M + H]*.
Elemental Anal. for C;6H;cCINO, * HCI:

Theory: C, 58.91; H, 5.25; N, 4.29.
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Found: C,57.47;H, 5.8; N, 3.95.

EXAMPLE 73
((28)-7-Chloro-8-(2-(trifluoromethyl)phenyl)-2,3-dihydrobenzo[b][1,4]dioxin-2-
yh)methanamine: Starting from (28)-2-(azidomethyl)-7-chloro-8-(2-
(trifluoromethyl)phenyl)-2,3-dihydrobenzo[b][1,4]dioxine (0.25 g, 0.67 mmol), the procedure
described in Example 54 afforded 97 mg (38%) of the title compound as a hydrochloride
salt, mp 84°C; MS ES m/z 344.0 [M + H]".
Elemental Anal. for Cy¢H;3CIF3NO, * HCl « 0.3 Cy6H,4:
Theory: C, 52.65; H, 4.52; N, 3.45.
Found: C, 52.54;H, 4.61; N, 3.06.

EXAMPLE 74
((2S)-7-Fluoro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)methanamine: Starting
from (2S)-2-(azidomethyl)-7-fluoro-8-o-tolyl-2,3-dihydrobenzo[b][1,4]dioxine (0.12 g, 0.40
mmol), the procedure described in Example 54 afforded 44 mg (35%) of the title compound
as a hydrochloride salt, mp 183-185 °C; HRMS ESI m/z 274.1253 [M+H]".

Elemental Anal. for CigHigFNO, ¢ HCI:
Theory: C, 54.56; H, 4.27; N, 4.24.
Found: C, 55.68; H, 4.35; N, 4.02,

EXAMPLE 75
((2S)-7-Fluoro-8-(2, 4-di-chloro-phenyl)-2,3-dihydrobenzo[b][1,4]dioxin-2-yI)
methanamine: Starting from (2S)-2-(azidomethyl)-7-fluoro-8-(2, 4-di-chloro-phenyl -2,3-
dihydrobenzo[b][1,4]dioxine (0.8 g, 0.40 mmol), the procedure described in Example 54
afforded 166 mg of the title compound as a hydrochloride salt, mp 65 °C; MS ES m/z 328.0
M+ H]".
Elemental Anal. for C;sH12,CLFNO;» HCl « 0.3 CigH)4:
Theory: C, 51.66; H, 4.44; N, 3.59.
Found: C, 51.76; H, 4.24; N, 3.45.
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EXAMPLE 76
1-[6-Fluoro-4-(2-methoxyphenyl)-1,3-benzodioxol-2-yljmethanamine: Starting from 2-
azidomethyl-4-(2-methyoxy-phenyl)-6-fluoro-benzo[1,3]dioxole (77 mg, 0.26 mmol), the
procedure described in Example 54 gave the title compound (25 mg, 31%) as a white solid
hydrochloride salt, mp 184-186 °C; MS (ES) m/z 276.1 [M +HJ".

Elemental Anal. for C;5H14FNO; * HCI:
Theory: C, 57.79; H, 4.85; N, 4.49.
Found: C, 57.33; H, 4.60; N, 4.28.

EXAMPLE 77
1-(6-Fluoro-4-phenyl-1,3-benzodioxol-2-yl)methanamine: Starting from 2-azidomethyl- 4-
__ phenyl-6-fluoro-benzo[ 1,3]dioxole (76 mg, 0.86 mmol), the procedure described in Example
54 gave the title compound (44.5 mg, 56%) as a'vvhi;ce-s-c;li&—h)./c-ihro—ciﬂgride.'s-alt, mp 227-i29
°C. MS (ES) m/z 246.1; HRMS: Theory for Ci4H,FNO, + HY, 246.09248; found ESI,
[M-+H]", 246.0923.

EXAMPLE 78
1-[4-(3-Chlorophenyl)-6-fluoro-1,3-benzodioxol-2-yllmethanamine: Starting from 2-
azidomethyl- 4-(3-chloro-phenyl)-6-fluoro-benzo[1,3]dioxole (90 mg, 0.29 mmol), the
procedure described in Example 54 gave the title compound, (38.9 mg, 42%) as a white solid
hydrochloride salt, mp 267-270 °C. HRMS: Theory for Ci4H,CIFNO, + H', 280.05351;
found (ESI, [M+H]"), 280.0535.

EXAMPLE 79
1-{4-(4-Chloro-phenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine: ~ Starting from 2-
azidomethyl- 4-(4-chloro-phenyl)-6-fluoro-benzo[1,3]dioxole (73 mg, 0.24 mmol), the
procedure described in Example 54 gave the title compound, (46.3 mg, 61%) as a white solid
hydrochloride salt, mp 262-264 °C. HRMS: Theory for Cy4H;,CIFNO; + H*, 280.05351;
found (ESI, [M+H]"), 280.0535.

EXAMPLE 80
1-[4-(2-Methyl-phenyl)-6-fluoro-1,3-benzodioxol-2-yl|methanamine:  Starting from 2-
azidomethyl- 4-(2-methyl-phenyl)-6-fluoro-benzof1,3]dioxole (78 mg, 0.27 mmol), the
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procedure described in Example 54 gave the title compound (52.7 mg, 59%) as a white solid
hydrochloride salt, mp 197-200 °C. MS (ES) m/z 260.1.

EXAMPLE 81
1-[4-(2, 5-Dichloro-phenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine: ~Starting from
2-azidomethyl- 4-(2,5-dichloro-phenyl)-6-fluoro-benzo[1,3]dioxole (88 mg, 0.26 mmol), the
procedure described in Example 54 gave the title compound (54.8 mg, 60%) as a white solid
hydrochloride salt, mp 204-205 °C; MS (ES) m/z 314.0.
Elemental Anal. for C4H¢C2FNO; « HCl » 0.25 H;O:
Theory: C, 47.35; H, 3.26; N, 3.94.
Found: C, 47.24; H, 2.99; N, 3.89.

EXAMPLE 82
1-[4-(2-Trifluoromethyl-phenyl)-6-fluoro-1,3-benzodioxol-2-yllmethanamine:  Starting
from 2-azidomethyl- 4-(2-trifluoromethyl-phenyl)-6-fluoro-benzo[1,3]dioxole (85 mg, 0.25
mmol), the procedure described in Example 54 gave the title compound (51.5 mg, 59%) as a
white solid hydrochloride salt, mp 178-180 °C; MS (ES) m/z 314.0; HRMS: Theory for
CisH11FaNO; + HY, 314.0804; found (ESI, [M+H]"), 314.0804.

EXAMPLE 83
1-[4-(2-Fluoro-phenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine:  Starting from 2-
azidomethyl-4-(2-fluoro-phenyl)-6-fluoro-benzo[1,3]dioxole (97 mg, 0.34 mmol), the
procedure described in Example 54 gave the title compound (44.4 mg, 44%) as a white
solidhydrochloride salt, mp 234-235 °C; MS (ES) m/z 264.1; HRMS: Theory for
C14H1 F2NO, + H', 264.0836; found (ESI, [M+H]"), 264.0821.

EXAMPLE 84
1-[4-(2-Chloro-phenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine:  Starting from 2-
azidomethyl-4-(2-chloro-phenyl)-6-fluoro-benzo[1,3]dioxole (93 mg, 0.30 mmol), the
procedure described in Example 54 gave the title compound (42.7 mg, 47%) as a white solid
hydrochloride salt, mp 192-194 °C; MS (ES) m/z 280.1.
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EXAMPLE 85
1-[(2S)-4-(2,6-dichlorophenyl)-6-fluoro-1,3-benzodioxol-2-yllmethanamine: To a solution
of 1-[4-(2,6-dichlorophenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine (2.88 g, 9.2 mmol)
in tetrahydrofuran was added benzylchloroformate (1.71 mL, 12 mmol) and
diisopropylethylamine (4.0 mL, 23 mmol) at 0 °C. The mixture was stirred at 0 °C for 2
hours, and quenched with water. The mixture was extracted with methylene chloride. The
solvent was removed under vacuum to form a colorless oil, 6.25g. The corresponding Cbz
derivative of the (2S)-enantiomer was isolated by Super Fluid Chromatography (SFC). The
desired fractions were combined and the solvent was removed under the vacuum. The crude
oil (1.75 g, 3.8 mmol) was dissolved in acetonitrile at 0 °C and iodotrimethylsilane (1.65 mL,
11.4 mmol) and hydrogen hydrochloride (1.0 M in diethyl ether, 4.24 mL, 4.2 mmol) were

"added to the solution at 0°C. The reaction mixture was stirred at 0°C for 3 hours and thefi ~

quenched with IN HCl aquous solution. The mixture was extracted with ether (3 x 50 mL).
The organic layer was washed with 1N HCI (3 x 50 mL). The aqueous layer was combined
and neutralized with 10% potassium hydroxide (PH>7). The neutralized aqueous solution
was extracted with methylene chloride (3 x 50 mL) and the organic layers were combined.
The solvent was removed under vacuum and chromatography with 10% methanol in
methylene chloride afforded the desired (2S)-enantiomer as a colorless oil. The oil was
dissolved in ethyl acetate and converted to its hydrochloride salt (1.0 g) using excess ethereal
hydrochloric acid to give a white solid, mp 224-225 °C; [a]Dzs = +53.00° (c = 1%
SOLUTION, DMSO); MS (ES) m/z 314.0.

Elemental anal. for C;4H;oC2FNO; « HCI:

Theory: C, 47.96; H, 3.16; N, 3.99.

Found: C, 47.92; H, 3.12; N, 3.84.

EXAMPLE 86
1-[(2R)-4-(2,6-dichlorophenyl)-6-fluoro-1,3-benzodioxol-2-yljmethanamine: The title
compound was prepared according to the procedure described in Example 85. By using the
SFC method the desired Cbz derivative of the (2R)-enantiomer (1.91 g) was obtained at the
same time as the (2S)-enantiomer was isolated. After removal of the Cbz protecting group,
the crude product was purified by column chromatography (10% methanol in methylene
chloride) and afforded the title compound as a colorless oil. The oil was dissolved in ethyl

acetate and converted to its hydrochloride salt (1.01 g) using excess ethereal hydrochloric
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acid to give a white solid, mp 206-208 °C; MS (ES) m/z 314.0 [M + HJ*, [o]p®® = -50.00° (¢
= 1% SOLUTION, DMSO).

Elemental anal. for C,4H;(C;zFNO; * HCl:

Theory: C, 47.96; H, 3.16; N, 3.99.

Found: C, 47.78; H, 3.05; N, 3.89.

EXAMPLE 87
1-[4-(2-Chlorophenyl)-6-fluoro-1,3-benzodioxol-2-yl]-N-methylmethanamine: A solution
of toluene-4-sulfonic acid 4-(2-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-yl-methyl ester
(0.1 g 0.23 mmol) and methylamine (1.0 M in THF, 10 eq, ) in DMSO was heated at 70°C
overnight., The reaction was quenched with 1IN sodium hydroxide and extracted with
- methylene chloride:- The organic layer was -washed ‘with water- and dried over anhydrous- - -
sodium sulfate. The solvent was removed under vacuum. The crude product was purified by
column chromatography (10% methanol in methylene chloride) to afford the title compound
as a colorless oil. The oil was dissolved in ethyl acetate and converted to its hydrochloride
salt (1.01 g) using excess ethereal hydrochloric acid to give a white solid, mp 132-134 °C;
MS (ES) m/z 294.0.

Elemental anal. for C,sH;sCIFNO, » HCI:
Theory: C, 54.56; H, 4.27; N, 4.24.
Found: C, 54.36; H, 3.99; N, 4.00.

EXAMPLE 88
N-{[4-(2-Chlorophenyl)-6-fluoro-1,3-benzodioxol-2-yljmethyl}ethanamine: Starting from
toluene-4-sulfonic acid 4-(2-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-yl-methyl ester (0.1
g 0.23 mmol) and ethylamine (1.0 M in THF, 10 eq, ), the procedure described for Example
87 gave 32.3 mg (41%) of the title compound as a white solid hydrochloride salt, mp 182-
183 °C; MS (ES) m/z 308.1.

Elemental anal, for C;¢H;sCIFNO; « HCl « 0.25 H,O:
Theory: C, 55.11; H, 4.77; N, 4.02,
Found: C, 55.13; H, 4.46; N, 3.74.
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EXAMPLE 89
1-[4-(2-chlorophenyl)-6-fluoro-1,3-benzodioxol-2-yl]-N,N-dimethylmethanamine:
Starting from toluene-4-sulfonic acid 4-(2-chloro-phenyl)-6-fluoro-benzo[1,3]dioxol-2-yl-
methyl ester (0.1 g 0.23 mmol) and N,N-dimethylamine (1.0 M in THF, 10 eq, ), the
procedure described for Example 87 gave 55.3 mg (70%) of the title compound as a white
solid hydrochloride salt, mp 211-212 °C; MS (ES) m/z 308.1.

EXAMPLE 90
[6-Chloro-4-(2-chloro-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine:  Starting from 2-
azidomethyl-6-chloro-4-(2-chloro-phenyl)-benzo[1,3]dioxole (0.18 g, 0.56 mmol), the
procedure described in Example 54 afforded 73 mg (39%) of the title compound as a
- hydrochloride salt, mp >250°C; MS ESm/z296.0 M +H]" .~ -~ ~ -~~~ == = =~ -0 -
Elemental Anal. for Cy4H;;Cl,NO, « HCL:

Theory: C, 50.56; H, 3.64; N, 4.21.
Found: C, 50.69; H, 3.27; N, 4.17.

EXAMPLE 91
[6-Chloro-4-(2-methyl-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine:  Starting from 2-
azidomethyl-6-chloro-4-(2-methyl-phenyl)-benzo[1,3]dioxole (0.20 g, 0.66 mmol), the
procedure described in Example 54 afforded 0.12 g (59%) of the title compound as a
hydrochloride salt, mp >250 °C; MS ES m/z 276.1 [M + H]".

Elemental Anal. for C;sH;4Cl10; « HCI:
Theory: C, 57.71; H, 4.84; N, 4.49.
Found: C, 57.93; H, 4.99; N, 4.36.

EXAMPLE 92
[6-Chloro-4-(2-methoxy-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine: Starting from 2-
azidomethyl-6-chloro-4-(2-methoxy-phenyl)-benzo[1,3]dioxole (0.18 g, 0.57 mmol), the
procedure described in Example 54 afforded 82 mg (44%) of the title compound as a
hydrochloride salt, mp 245-246 °C; MS ES m/z292.1 [M + HJ".

Elemental Anal. for C;sH4CINO; » HCI:
Theory: C, 54.90; H, 4.61; N, 4.27.
Found: C, 54.91; H, 4.80; N, 4.18.
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EXAMPLE 93
[6-Chloro-4-(2-fluoro-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine:  Starting from 2-
azidomethyl-6-chloro-4-(2-fluoro-phenyl)-benzo[1,3]dioxole (0.18 g, 0.59 mmol), the
procedure described in Example 54 afforded 86 mg (46%) of the title compound as a
hydrochlorle salt, mp >250 °C; MS ES m/z 280.1 [M + H]".

Elemental Anal. for C,4H;;CIFNO, * HCI:
Theory: C, 53.19; H, 3.83; N, 4.43.
Found: C, 53.34; H, 3.75; N, 4.30.

EXAMPLE 94
[6-Chloro-4-(2-methoxy-5-chloro-phenyl)-benzo[1,3]dioxol-2-yl]-inethylamiine: ~ Starting
from 2-azidomethyl-6-chloro-4-(2-methoxy-5-chlorophenyl)-benzo[1,3]dioxole (0.19 g, 0.54
mmol), the procedure described in Example 54 afforded 0.117g (60%) of the title compound
as a hydrochloride salt, mp 228-230 °C; MS ES m/z 326.0 [M -+ H]*.

Elemental Anal. for C;5H;3CLNO;3 * HCI « 0.5 H,0:
Theory: C, 48.48; H, 4.07; N, 3.77.
Found: C, 48.53; H, 4.06; N, 3.68.

EXAMPLE 95
[6-Chloro-4-(2, 3-dimethoxy-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine: Starting from
2-azidomethyl-6-chloro-4-(2, 3-dimethoxy-phenyl)-benzo[1,3]dioxole (0.20 g, 0.57 mmol),
the procedure described in Example 54 afforded 0.115g (56%) of the title compound as a
hydrochloride salt, mp 228-230 °C; MS ES m/z 322.1 [M +H]".
Elemental Anal. for C;¢H;4CINO,4+ HCI « 0.5 H,0:
Theory: C, 52.33; H, 4.94; N, 3.81.
Found: C, 52.43;H, 4.59; N, 3.67.

EXAMPLE 96
[6-Chloro-4-(2, 4-dichloro-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine: Starting from
2-azidomethyl-6-chloro-4-(2, 4-dichloro-phenyl)-benzo[1,3]dioxole (0.12 g, 0.34 mmol), the
procedure described in Example 54 afforded 53 mg (42%) of the title compound as a
hydrochloride salt, mp >250 °C; MS ES m/z 330.0 [M + HJ*.
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Elemental Anal. for Cy4H;¢CI3;NO, » HCI:
Theory: C, 45.81; H, 3.02; N, 3.82.
Found: C, 45.98; H, 3.44; N, 3.61.

EXAMPLE 97
[6-Chloro-4-(4-chloro-2-methyl-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine: Starting
from 2-azidomethyl-6-chloro-4-(4-chloro-2-methylphenyl)-benzo[1,3]dioxole (0.20 g, 0.59
mmol), the procedure described in Example 54 afforded 90 mg (44%) of the title compound

as a hydrochloride salt, mp >250 °C; MS ES m/z 310.0 [M +H]J".

EXAMPLE 98
'[6-Chloro-4-(2, 5-dichloro-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine: Starting from 2-
azidomethyl-6-chloro-4-(2, 5-dichloro-phenyl)-benzof1,3]dioxole (0.16 g, 0.45 mmol), the
procedure described in Example 54 afforded 28 mg (17%) of the title compound as a
hydrochloride salt, mp 246-248 °C; MS ES m/z 330.0 [M + H]".

EXAMPLE 99

[6-Chloro-4-(2, 5-difluoro-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine: Starting from 2-
azidomethyl-6-chloro-4-(2, 5-difluoro-phenyl)-benzof1,3]dioxole (0.20 g, 0.62 mmol), the
procedure described in Example 54 afforded 92 mg (44%) of the title compound as a
hydrochloride salt, mp >250 °C; MS ES m/z 298.0 [M +H]".
Elemental Anal. for C14H;oClNO;+ HCL:
Theory: C, 50.32; H, 3.32; N, 4.19.
Found: C, 50.48; H, 3.10; N, 4.08.

EXAMPLE 100
[6-Chloro-4-(2, 5-dimethoxy-phenyl)-benzo[1,3]dioxol-2-yl]-methylamine: Starting from
2-azidomethyl-6-chloro-4-(2, 5-dimethoxy-phenyl)-benzo[1,3]dioxole (0.14 g, 0.40 mmol),
the procedure described in Example 54 afforded 53 mg (37%) of the title compound as a
hydrochloride salt, mp 225-227 °C; MS ES m/z 322.1 [M +H]".
Elemental Anal. for C;sH;6CINO4» HCI:
Theory: C, 53.65; H, 4.78; N, 3.91.
Found: C, 53.40; H, 4.44; N, 3.81.
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EXAMPLE 101
[6-Chloro-4-biphenyl-benzo[1,3]dioxol-2-yl]-methylamine: Starting from
2-azidomethyl-4-biphenyl-2-yl-6-chloro-benzo[1,3]dioxole (0.31 g, 0.85 mmol), the
procedure described in Example 54 afforded 0.25 g amine. 80 mg of the amine was used to
generate 38 mg of the title compound as a hydrochloride salt, mp 196-198 °C; MS ES m/z
338.1 '[M +HJ*.

[00194] Using the general procedures outlined above, Examples 102-108 were prepared.

EXAMPLE 102
- C-[(S)-8-(2,4-Dimethyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methylamine ~~ (I-
133): Starting from (S)-2-Azidomethyl-8-(2,4-dimethyl-phenyl)-2,3-dihydro-
benzo[1,4])dioxine (450 mg, 2.25 mmol), 270 mg (40 %) of the title compound was
obtained as a hydrochloric salt. MS (ESI) m/z 270.2 [M + H]".

EXAMPLE 103
C-[(S)-8-(4-methoxy-2-methyl-phenyl)-2,3-dihydro-benzo{1,4]dioxin-2-yl]-
methylamine (I-127): Starting from (S)-2-Azidomethyl-8-(4-methoxy-2-methyl-phenyl)-
2,3-dihydro-benzo[1,4]dioxine (310 mg, 1.55 mmol), 210 mg (42 %) of the title compound
was obtained as a hydrochloric salt. MS (ESI) m/z 286.4 [M + H]".

EXAMPLE 104
C-[(S)-8-(4-ethoxy-2-methyl-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methylamine
(I-132): Starting from (S)-2-Azidomethyl-8-(4-ethoxy-2-methyl-phenyl)-2,3-dihydro-
benzo[1,4]dioxine (320 mg, 1.6 mmol), 200 mg (37 %) of the title compound was obtained
as a hydrochloric salt. MS (ESI) m/z 300.4 [M + HJ".

EXAMPLE 105
C-[(S)-8-(2,6-dimethoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methylamine  (I-
168): Starting from (S)-2-Azidomethyl-8-(2,6-dimethoxy-phenyl)-2,3-dihydro-
benzo[1,4]dioxine (140 mg, 0.7 mmol), 60 mg (25 %) of the title compound was obtained
as a hydrochloric salt. MS (ESI) m/z 302.2 [M + H]".
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EXAMPLE 106
C-[(S)-8-(4-fluoro-2-isopropoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-
methylamine (I-143): Starting from (S)-2-Azidomethyl-8-(4-fluoro-2-isopropoxy-phenyl)-
2,3-dihydro-benzo[1,4]dioxine (240 mg, 1.2 mmol), 180 mg (43 %) of the title compound
was obtained as a hydrochloric salt. MS (ESI) m/z 318.3 [M + HJ"

EXAMPLE 107
C-[(S)-8-(4-fluoro-2-methoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-methylamine
(I-144): Starting from (S)-2-Azidomethyl-8-(4-fluoro-2-methoxy-phenyl)-2,3-dihydro-
benzo[1,4]dioxine (250 mg, 2.25 mmol), 164 mg (22 %) of the title compound was

" obtained as a hydrochloric salt. MS (ESI) in/z 200.3 M+ HJ*, A

EXAMPLE 108
C-[(S)-8-(2-chloro-4-methoxy-phenyl)-2,3-dihydro-benzo[1,4]dioxin-2-yl]-
methylamine (I-128): Starting from (S)-2-Azidomethyl-8-(2-chloro-4-methoxy-phenyl)-
2,3-dihydro-benzo[1,4]dioxine (370 mg, 1.12 mmol), 185 mg (48 %) of the title compound
was obtained as a hydrochloric salt. MS (ESI) m/z 306.2 [M + H]".

BIOLOGICAL ASSAYS

[00195] The compounds of this invention are agonists and partial agonists at the 2C
subtype of brain serotonin receptors and are thus of interest for the treatment of schizophrenia
and related disorders such as schizoaffective disorder, schizophreniform disorder, L-DOPA-
induced psychosis and bipolar disorder, depression, including related disorders such as
obsessive compulsive disorder and panic disorder, and obesity, with its consequent
comorbidities including Type II diabetes, cardiovascular disease, hypertension,
hyperlipidemia, stroke, osteoarthritis, sleep apnea, gall bladder disease, gout, some cancers,
some infertility, and early mortality. These, and other disorders the treatment of which the

present compounds are useful, are discussed herein.
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A Assessment of Effectiveness of Compounds as SHTsc Agonists and Partial Agonists

[00196] The ability of the compounds of this invention to act as SHT»c agonists and partial
agonists was established using several standard pharmacological test procedures; the
procedures used and results obtained are provided below. In the test procedures, 5-HT stands
for 5-hydroxytryptamine, mCPP stands for meta-chlorophenylpiperazine, and DOI stands for
1-(2,5-dimethoxy-4-iodophenyl)isopropylamine. '

[00197] To evaluate the affinity of various compounds of formula I for activity at the 5-
HT,c receptor, a CHO (Chinese Hamster Ovary) cell line transfected with the cDNA
expressing the human 5-hydroxytryptamine-2C (h5-HTyc) receptor was maintained in
DMEM (Dulbecco’s Modified Eagle Media) supplied with fetal calf serum, glutamine, and
the. markers: guaninephosphoribosyl -transferase. (GTP) .and hypoxanthinethymidine (HT).
The cells were allowed to grow to confluence in large culture dishes with intermediate
changes of media and splitting. Upon reaching confluence, the cells were harvested by
scraping. The harvested cells were suspended in half volume of fresh physiological phosphate
buffered saline (PBS) solution and centrifuged at low speed (900 x g). This operation was
repeated once. The collected cells were then homogenized with a polytron at setting #7 for 15
sec in ten volumes of 50 mM Tris.HCl, pH 7.4 and 0.5 mM EDTA. The homogenate was
centrifuged at 900 x g for 15 min to remove nuclear particles and other cell debris. The pellet
was discarded and the supernatant fluid recentrifuged at 40,000 x g for 30 min. The resulting
pellet was resuspended in a small volume of Tris.HC] buffer and the tissue protein content
was determined in aliquots of 10-25 uL volumes. Bovine Serum Albumin (BSA) was used as
the standard in the protein determination by the method of Lowry et al., (J. Biol. Chem.,
193:265 (1951). The volume of the suspended cell membranes was adjusted with 50 mM
Tris.HCI buffer containing: 0.1% ascdrbic acid, 10 mM pargyline and 4 mM CaCl; to give a
tissue protein concentration of 1-2 mg per mL of suspension. The preparation membrane
suspension (many times concentrated) was aliquoted in 1 mL volumes and stored at -70 °C
until used in subsequent binding experiments.

[00198] Binding measurements were performed in a 96 well microtiter plate format, in a
total volume of 200 pL. To each well was added: 60 pL of incubation buffer made in 50 mM
Tris.HC! buffer, pH 7.4 and containing 4 mM CaCly; 20 pL of ['*I) DOI (S.A., 2200
Ci/mmol, NEN Life Science).
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[00199] The dissociation constant, KD of ['®I} DOI at the human serotonin 5-HTyc
receptor was 0.4 nM by saturation binding with increasing concentrations of ['%1) DOL The
reaction was initiated by the final addition of 100 pL of tissue suspension containing 50 pg of
receptor protein. Nonspecific binding is measured in the presence of 1 uM unlabeled DOI
added in 20.0 pL volume. Test compounds were added in 20.0 pL. The mixture was
incubated at room temperature for 60 min. The incubation was stopped by rapid filtration.
The bound ligand-receptor complex was filtered off on a 96 well unifilter with a Packard
®Filtermate 196 Harvester. The bound complex caught on the filter disk was dried in a
vacuum oven heated to 60° C and the radioactivity measured by liquid scintillation with 40
uL Microscint-20 scintillant in a Packard TopCount® equipped with six (6) photomultiplier

detectors.

183

[00200] Specific binding is defined as the total radioactivity bound less the amount bound

in the presence of 1 uM unlabeled DOI. Binding in the presence of varying concentrations of
test drugs is expressed as percent of specific binding in the absence of drug. These results are
then plotted as log% bound vs log concentration of test drug. Non linear regression analysis
of data points yields both the ICsy and the K; values of test compounds with 95% confidence
limits. Alternatively, a linear regression line of decline of data points is plotted, from which
the ICsp value can be read off the curve and the K; value determined by solving the following
equation:
ICs

YLKy
where L is the concentration of the radioactive ligand used and the Kp is the dissociation
constant of the ligand for the receptor, both expressed in nM.
[00201] The following Kj's (95% confidence interval) are provided for various reference

compounds in Table 2, below:

Table 2: K; Data for Reference Compounds

Compound K

Ritanserin 20(1.3-3.1)nM
Ketanserin 94.8 (70.7 - 127.0) nM
Mianserin 27(1.9-3.8)nM
Clozapine 23.2 (16.0 - 34.0) M
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Methiothepin 4.6 (4.0 - 6.0) nM
Methysergide 6.3 (4.6 - 8.6) nM
Loxapine 33.0(24.0 - 47.0) M
mCPP 6.5 (4.8 - 9.0) nM
DOI 6.2 (4.9-8.0)nM

[00202] The ability of the compounds of formula I to produce an agonist response at brain
5-HT,c was assessed by determining their effect on calcium mobilization using the following
procedure: CHO cells stably expressing the human 5-HT)c receptor were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum
and non-essential amino acids. Cells were plated at a density of 40K cells/well in 96-well
clear-bottom black-wall plates 24 hours prior to the evaluation of 5-HT,c receptor-stimulated-
calcium mobilization. For calcium studies, cells were loaded with the calcium indicator dye
Fluo-3-AM in Hank's buffered saline (HBS) for 60 minutes at 37 °C. Cells were washed with
HBS at room temperature and transferred to the fluorometric imaging plate reader (FLIPR,
Molecular Devices, Sunnyvale, CA) for acquisition of calcium images. Excitation at 488 nm
was achieved with an Argon ion laser and a 510-560 nm emission filter was used.
Fluorescence images and relative intensities were captured at 1 second intervals and cells
were stimulated by addition of agonist after 10 baseline measurements using the internal
fluidics module of the FLIPR. An increase in fluorescence counts corresponds to an increase
in intracellular calcium.

[00203] For the evaluation of agonist pharmacology the calcium changes in response to
different concentrations of agonist were determined using a maximum minus minimum
calculation of the raw fluorescence count data. Calcium changes were then expressed as a
percentage of the response observed with a maximally effective concentration of 5-HT. ECsp
values were estimated by non-linear regression analysis of the log-concentration% maximum
5-HT response curves using the 4-parameter logistic function. In certain embodiments,
compounds of the present invention provide an ECsp of < about 1000 nM. In other
embodiments, compounds of the present invention provide an ECsg of < about 100 nM, in yet
other embodiments < about 20 nM, in still other embodiments < about 5 nM, and certain
embodiments < about 2 nM.

[00204] The following ECsy's are provided for various reference compounds in Table 3,

below
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Table 3: ECsq Data for Reference Compounds:

Compound ECsy
5-HT ECsp 0.5 oM
DOI ECy 0.5 naM
mCPP EC;s 5.4 nM
SB242084 0.01 nM
SB206553 13 nM

[00205] Table 4 below shows the results of the activity of selected compounds of this
invention in the assays described above. The compound numbers correspond to the
compound numbers in Table 1, supra. Compounds having an aciivity designated as “A”
provided a K; value of less than or euqal to 50 nM; compounds having an activity designated
as “B” provided a K; value between 50 nM and 200 nM; and compounds having an activity
designated as “C” provided a K; value greater than 200 nM. Compounds having an activity
designated as “D” provided an ICsp value of less than or equal to 100 nM; compounds having
an activity designated as “E” provided a an ICsy value between 100 nM and 500 nM; and
compounds having an activity designated as “F” provided a an ICso value greater than 500
nM. An activity designated as “-“, for any compound listed in Table 4, below, means that the

data was not provided for that compound.

Table 4. 5-HT2¢ Activity of Selected Compounds

Compound 5-HT,c Binding §-HT,c Function
Number K, avg (nl\) ECsy (nM) EMax (%)
1 A D 60
2 A D 70
3 A D 60
4 A D 70
5 B D 60
6 B E 70
7 A D 70
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Compound 5-HT,c Binding 5-HT,c Function
Number K, avg (nhf) ECy (nM) EMax (%)
8 A D 60
9 A D 50
10 C E 50
11 C E 60
12 A D 70
13 A D 70
14 A D 70
15 A | b | e
16 B D 60
17 - D 60
18 A D 50
19 C E 20
20 B F 40
21 A D 40
22 - D 40
23 - E 40
24 A D 70
25 - F 30
26 - D 50
27 - E 20
28 - F 30
29 - F -
30 B F -
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Compound §-HT,c Binding 6-HT2¢ Function
Number K, avg (ni) ECg (nM) EMax (%)
31 Cc E 20
32 B E 30
33 B F 30
34 B F 20
35 B F -
36 c F -
37 c F 20
38 A | B | 0
39 A E 20
40 C F 30
41 B F 20
42 Cc F -
43 Cc F 30
44 B F -
45 C F 30
46 A D 50
47 A D 60
48 C - -
49 A F 70
50 C - -
51 C - .
52 C - -
53 C - -
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Compound 5-HT,c Binding 6-HT,c Function
Number K, avg (ni) ECs (nM) EMax (%)

54 A 80
55 A 95
56 A - -
57 A A 50
58 A D 50
59 A E 40
60 A E 50
61 A E 50 R
62 A E 60
63 A F 50
64 A E 60
65 A - -
66 B - -
67 A E 50
68 B - -
69 A E 60
70 A D 50
71 A D 40
72 A - -
73 - - -
74 A D 40
75 - - -
76 A D 70
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Compound §-HT,¢ Binding 6-HT,¢ Function
Number K, avg (nl) ECs (nM) EMax (%)
77 B - -
78 B - -
79 B - -
80 A D 90
81 A D 80
82 A D 70
83 A D 70
T T84 A D | 80
85 A D 90
86 A F 80
87 A D 80
88 B - -
89 B - -
90 A 80
2N A 80
92 B - -
93 B - -
94 Cc - -
95 B - -
96 A D 80
97 B - -
98 A D 80
99 B - -
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Compound 5-HT,¢ Binding §-HT,c Function
Number K; avg (nl) ECs (nM) EMax (%)
100 C - -

[00206] The compounds of this invention thus have affinity for and agonist or partial
agonist activity at brain serotonin SHTc receptors. They are therefore of interest for the

treatment of the central nervous system conditions described previously herein.

B. Assessment of Effectiveness of Compounds in Obesity Models

Obesity Model A

[00207]) To evaluate acute in vivo efficacy of various compounds, 7 weeks-old male
C57BL/6J mice were obtained from The Jackson Laboratory (Bar Harbor, ME) and-6 -weeks- -
old lean Zucker rats were purchased from Charles River Laboratories (Wilmington, MA).
Mice and rats were single housed in a temperature-controlled (25°C) facility with a 12-h
light/dark cycle. Animals were allowed normal chow diet (Rodent chow #5001, PharmaServ,
Framingham, MA) and water ad libitum. After one week acclimation, animals were
randomized to vehicle (saline) or treatment groups. Animals were fasted overnight (16 hrs)
and orally dosed with vehicle or compounds. Thirty minutes after compound administration,
animals were given a weighed amount of food, and food intake was recorded 30 minutes, 1h,
2h, 4h, 7h and 24h after refeeding. Results are summarized in Table 5, below.

Table 5

% Reduction food intake (vs vehicle)
Compound # Dose (mpk) 0.5 hour 2 hours 4 hours

1-46 1 0+12 0+6 1+8

I-46 3 12+8 11+5 14£7

1-46 10 74 £7 685 51+4

1-46 30 78+ 14 88+8 82+7

I-46 50 100+ 11 1005 98+ 4

I-4 10 9+6 548 27
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I-4 30 2947 148 0x16
I-4 50 5610 27+ 11 8+14
I-1 10 4+8 68 168
I-1 30 60£12 408 425
I-1 50 74+ 17 55+13 48+ 13

Obesity Model B

[00208] To assess in vivo efficacy of various 5-HT>c compounds on weight loss, 5 weeks-
old male C57BL/6J-DIO mice are fed a high-fat high-sucrose diet (58 kcal% fat, 16.4 kcal%
protein, 25.5 kcal% carbohydrate) for 11 weeks. 6 weeks-old male Zucker fa/fa rats
purchased trom Charles River Laboratories are also used. Mice and rats were single housed
in a temperature-controlled (25°C) facility with a 12-h light/dark cycle. Animals are allowed
food and water ad libitum. After one weék acclimation, animals are randomized to vehicle
(saline) or treatment groups. Animals are orally dosed once daily for 14 days. Body weight,
food consumption, and/or body composition (NMR) are recorded. Epidydimal adipose tissue
is collected at the end of the study.

C. Assessment of Effectiveness in Treatment of Pain

[00209] Compounds of formula I may be evaluated in accordance with the present
invention to establish the extent of their effectiveness to treat pain, and may optionally be
compared with other pain treatments.

[00210] A variety of methods have been established in the art to evaluate the effectiveness
of compounds for relieving pain. See e.g., Bennett et al, Pair 33: 87-107, 1988; Chaplan et
al, J. Neurosci. Methods 53:55-63, 1994; and Mosconi et al, Pair 64:37-57, 1996. Below is a
specific description of one strategy that may be employed.

Procedure: Individually housed Spraque-Dawley rats are given free access fo rat chow and
water. A 12-h light/12-h dark cycle is put in effect (lights on from 6:00 am to 6:00 pm).
Animal maintenance and research are conducted in accordance with the guidelines provided
by the National Institutes of Health Committee on Laboratory Animal Resources. These

subjects are used in the tests as set forth below.
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Test Method 1: Prostaglandin E,-induced thermal hypersensitivity.
[00211] The terminal 10 cm of the tail is placed into a thermos bottle containing water

warmed to 38, 42, 46, 50, 54, or 58 °C. The latency in seconds for the animal to remove the
tail from the water is used as a measure of nociception. If the animal does not remove the tail
within 20 sec, the experimenter removes the tail from the water and a maximum latency of 20
sec is recorded.
[00212] Following the assessment of baseline thermal sensitivity, thermal hypersensitivity
is produced by a 50 pL injection of 0.1 mg prostaglandin E; (PGE) into the terminal 1 cm of
the tail. Temperature-effect curves are generated before (baseline) and after (15, 30, 60, 90
and 120 min) the PGE; injection. Previous studies in other species (e.g., monkeys; Brandt et
al., J. Pharmacol. Exper. Ther. 296:939, 2001) have demonstrated that PGE, produces a
dose- and time-dependent thermal hypersensitivity that peaks 15 min after injection and
dissipates after 2 hr.
Single compound studies. The ability of drugs to reverse PGEj-induced thermal
hypersensitivity is assessed using a single dose time-course procedure. Under this procedure,
a single dose of the compound to be tested is administered intraperitoneally (IP), orally (PO)
or intranasally (IN) 30 min before the injection of PGE,. Tactile sensitivity is assessed 30
min after PGE; injection.
Combination compound studies. Combination studies with two or more potential pain
treatment agents can be conducted. A minimally effective dose of a first agent, e.g.,
morphine is administered alone and in combination with ineffective doses of one or more
compounds of formula I in the thermal warm-water tail withdrawal assay. Compounds are
administered IP at the same time 30 min before testing.
[00213] Combination studies can also be conducted in the PGEz-induced thermal
hypersensitivity assay. For example, a dose of morphine that completely reverses thermal
hypersensitivity (i.e., return to baseline) can be administered alone and in combination with
doses of one or more compounds of formula I in the PGE;-induced thermal warm-water tail
withdrawal assay. Compounds are administered IP at the same time as PGE,, which is
administered 30 min before testing.
Test Method 1 Data Analysis The temperature that produced a half-maximal increase in the
tail-withdrawal latency (i.e., T10) is calculated from each temperature-effect curve. The Typ is
determined by interpolation from a line drawn between the point above and the point below
10 sec on the temperature-effect curve. For these studies, thermal hypersensitivity is defined
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as a leftward shift in the temperature-effect curve and a decrease in the Ty value. Reversal of
thermal hypersensitivity is defined as a return to baseline of the temperature-effect curve and

the To value and is calculated according to the following equation:

%MPE=  (T1o"8¥%) . (11" X100
(waaseline) _ (TIOPGEz)

in which T;o™¢*P9E2 is the T after a drug in combination with PGE,, Tio' O~ is the T after
PGE, alone, and T;o"*™ is the Ty under control conditions. A % MPE value of 100
indicates a complete return to the baseline thermal sensitivity observed without the PGE;
injection. A value of greater than 100% indicates that the compound tested reduced thermal

éensiﬁvity more than the baseline thermal sensitivity without the PGE; injection.

Test Method 2: Chronic Constriction Injury
[00214]) Rats are anesthetized with 3.5% halothane in O; at 1 L/min and maintained with

1.5% halothane in O, during surgery. A modified chronic sciatic nerve constriction injury
(Mosconi & Kruger, 1996; Bennett & Xie, 1988) is produced by a cutaneous incision and a
blunt dissection through the biceps femoris to expose the sciatic nerve. A PE 90
Polyethylene tubing (Intramedic, Clay Adams; Becton Dickinson Co.) cuff (2mm length) is
placed around the sciatic nerve at the level of the mid-thigh. The wound is closed in layers
using 4-0 silk suture and wound clips. Testing is conducted 6-10 days after surgery.

[00215] Animals are placed in elevated wire cages and allowed 45-60 minutes to acclimate
to the testing room. Baseline tactile sensitivity is assessed using a series of calibrated von
Frey monofilaments (Stoelting; Wood Dale, IL) 0-3 days before surgery. Von Frey
monofilaments are applied to the mid-plantar hind paw in sequential ascending or descending
order, as necessary, to hover as closely as possible to the threshold of responses. The
threshold is indicated by the lowest foree that evoked a brisk withdrawal response to the
stimuli. Thus, a withdrawal response leads to the presentation of the next lighter stimulus
and the lack of a withdrawal response leads to the presentation of the next stronger stimulus.
Rats with baseline thresholds < 4 g force are excluded from the study. Approximately one
week following CCI surgery, tactile sensitivities are reassessed and animals that exhibit
motor deficiency (i.e. paw dragging) or failure to exhibit subsequent tactile hypersensitivity
(threshold = 10g) are excluded from further testing. Under cumulative dosing conditions,
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compounds are administered IP every 30 minutes with the cumulative dose increasing in %
log unit increments. Tactile hypersensitivity is assessed 20-30 minutes following each drug
administration.

Test Method 2 Data Analysis. The 50% threshold values (in gm force) estimated by the
Dixon non-parametric test (Chaplan et al, 1994) are calculated and fifieen-grams of force is
used as the maximal force. Dose-effect curves are generated for each experimental condition
for each rat. Individual tactile hypersensitivity threshold values are averaged to provide a
mean (= 1 SEM). Reversal of tactile hypersensitivity was defined as a return to baseline

tactile sensitivity and was calculated according to the following equation:

% Reversal = (50%38*CCh | (509%°CH X 100
(50% baseline) __-(50% CCI) .

in which 50%%"*C%! is the 50% value after compound in animals approximately one week
after CCI surgery, 50%C" is the 50% value approximately one week after CCI surgery alone,
and 50%°*"™ is the 50% value before CCI surgery. Maximal effect of 100 % reversal
represents a return to the mean pre-operative threshold value for subjects in that experimental

condition.

Test Method 3: Scheduled-controlled responding.

[00216] Rats are trained under a multiple-cycle procedure during experimental sessions
conducted five days each week. Each training cycle consists of a 10-min pretreatment period
followed by a 10-min response period. During the pretreatment period, stimulus lights are
not illuminated, and responding has no scheduled consequences. During the response period,
the left or right stimulus lights are illuminated (counterbalanced among subjects), the
response lever is extended and subjects can respond under a fixed ratio 30 schedule of food
presentation. Training sessions conmsist of 3 consecutive cycles. Testing sessions are
identical to training sessions except that a single dose of drug is administered at the start of
the first cycle.

Test Method 3 Data analysis. Operant response rates from individual animals are averaged
for the three cycles during test sessions and are converted to percent of control response rates
using the average rate from the previous training day as the control value (i.e., average of

three cycles). Data are presented as the mean (+ 1 SEM) response rate as a percent of
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control. Thus, for example, a test value of 100% would indicate the response rate after
administration of the compound to be tested is the same as the control response rate and there

is no adverse effect of the compound tested.

Test Method 4: Assessment of Effectiveness in Tactile Allodynia Model
Compound: Test compounds are dissolved in sterile saline and gabapentin is suspended in

2% Tween 80 in 0.5% methylcellulose and sterile water. All compounds are administered

intraperitoneally (i.p.).

Subjects: Male Sprague-Dawley rats (125 — 150 g, Harlan; Indianapolis, IN) are individually
housed on bedding. For all studies animals are maintained in climate-controlled rooms on a
12-hour light/dark cycle (lights on at 0630) with food and water available ad libitum.

Surgery: All surgical procedures are performed under 4% isoflurane/O; anesthesia, delivered

via nose cone and maintained at 2.5% for the duration of the surgery.

L5 Spinal Nerve Ligation (SNL): Surgery is performed as previously described (Kim and
Chung) with the exception that nerve injury is produced by tight ligation of the left L5 spinal

nerve.

Assessment of Tactile Allodynia (Tactile Sensitivity): Tactile thresholds are assessed using a
series of calibrated von Frey monofilaments (Stoelting; Wood Dale, IL). The threshold that
produced a 50% likelihood of a withdrawal is determined using the up-down method, as
previously described (Chaplan et al., 1994). Animals are placed in elevated wire cages and
allowed 45-60 minutes to acclimate to the testing room. Von Frey monofilaments are applied
to the mid-plantar left hind paw in sequential ascending or descending order, as necessary, to
hover as closely as possible to the threshold of responses. The lowest force that evokes a
brisk withdrawal response to the stimuli determined the pain threshold. Tactile thresholds are
determined on the day prior to surgery and rats with baseline thresholds < 10g force are
excluded from studies. Three weeks after SNL surgery tactile thresholds are reassessed and
animals that fail to exhibit subsequent tactile allodynia (threshold > 5g) are excluded from
further testing. Subjects are pseudo-randomly divided into test groups (n=8-10) so that
average baseline and post-surgery sensitivities are similar among groups. Rats are
administered a test compound (3, 10 or 17.8, i.p.), gabapentin (100 mg/kg, i.p., postivie
control) or vehicle and tactile thresholds are assessed up to 60, 180 and 300 minutes after
dosing.
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Analysis of Results: Statistical analysis is done using a repeated measures analysis of
variance (ANOVA) using a customized SAS-excel application (SAS Institute, Cary, NC).
Significant main effects are analyzed further by subsequent least significant difference
analysis. The criterion for significant differences is p < 0.05. Reversal of tactile allodynia is
calculated according to the following equation:

(50% threshold®™e + Postsweenyy _ (5004 tresholdPost SWET)

% Reversal = (50% threshold™™® *"8*¥) — (50% threshold"®® s""&) X 100

In which 50% threshold?™e * POst SWETY jg the 50% threshold in g force after drug in nerve
injured subjects, 50% threshold™™ " js the 50% threshold in g force in nerve injured

" “subjects, and 50% threshold™ & s the 50% threshold in g force before nerve injury.

Maximal effect of 100 % reversal represents a return to the mean pre-operative threshold

value for subjects in that experimental condition.

Test Method 5:Assessment of Effectiveness in Chronic Inflammatory Pain
Compounds:

Test compounds are dissolved in sterile saline and administered intraperitoneally (i.p.).
Celecoxib was used as a positive control and is suspended in 2% Tween 80 in 0.5%

methylcellulose and administered orally (p.o.).

Subjects: Male Sprague-Dawley rats (125 — 150 g, Harlan; Indianapolis, IN) are housed
3/cage on bedding and. animals are maintained in climate-controlled rooms on a 12-hour
light/dark cycle (lights on at 0630) with food and water available ad libitum.

Freund's complete adjuvant (FCA) of mechanical hyperalgesia: The hind paw withdrawal

thresholds (PWTs) to a noxious mechanical stimulus are determined using an analgesimeter
(model 7200; Ugo Basile). Cutoff was set at 250 g, and the endpoint taken is complete paw
withdrawal. PWT is determined once for each rat at each time point (n=10/group). Baseline
PWT is determined, and the rats were anesthetized with isofluorane (2% in oxygen) and
received an intraplantar injection of 50% FCA (50 pl, diluted in saline) to the left hind paw.
Twenty-four hours after FCA injection, pre-drug PWTs were measured, and the rats are
administered vehicle or compound and assessed on PWTs 1, 3, 5, and 24 hours post-drug

administration.
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Analysis of Results: Statistical analysis is done using a one way analysis of variance
(ANOVA) using a customized SAS-excel application (SAS Institute, Cary, NC). Significant
main effects are analyzed further by subsequent least significant difference analysis. The
criterion for significant differences is p < 0.05 from vehicle-treated FCA rats. Data is
presented as percent reversal according to the following equation: percent reversal = [(post-
dose threshold) - pre-dose threshold))/(baseline threshold-pre-dose threshold)] X 100.

D. Assessment of Effectiveness in Treatment of Depression

[00217] Effectiveness of compounds of the present invention may be determined by the
tail suspension test. While not a direct model of depression, the tail suspension test is an
assay that can evaluate antidepressant-like effects of drugs. Clinically effective drugs such as
"Prozac (fluoxetine) are effective in this assay. Specifically, they decrease the amount of time
the mice spend immobile after being hung upside down by their tails during the test. It is
impossible to determine if a mouse is indeed depressed. However, the fact that clinically
effective antidepressants reduce immobility lends predictive validity to the model.

[00218] Male Swiss Webster mice (Charles River) weighing 25-35 g are housed in groups
of five per cage in an AALAC-accredited facility that is maintained on a 12-h light dark cycle
(lights on at 0600 h) and have free access to food and water. Experimental groups consist of
12 mice, randomly assigned to treatment groups. Experiments are performed between 9:00
AM and noon in accordance to the Guide for the Care and Use of Laboratory Animals as
adopted and promulgated by the National Institutes of Health (Pub. 85-23, 1985).

[00219] Solutions of test compounds are dissolved in distilled water. Compounds are
injected i.p. at a volume of 10 mV/kg body weight. Combination treatments are cotreated, 30
minutes prior to the test.

[00220] The procedure described herein is substantially similar to that described by Steru
et al, (1985). 30 minutes following treatment, the mice are suspended upside down by the tail
using adhesive laboratory tape (VWR International), to a flat metal bar connected to a strain
gauge within a tail suspension chamber (Med Associates). The time spent immobile during a
6-minute test session is automatically recorded. 8 mice are simultaneously tested within
separate chambers. Data collected are expressed as a mean of immobility time and statistical
analysis is performed using a one-way ANOVA with least significant difference (LSD) post-

hoc test.
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We claim:

1. A compound of formula I:

LY ° h R
1 n |
(R )Y ] N
/ \R4
(o) R? m
r
I

or a pharmaceutically acceptable salt thereof, wherein:

- mislor2;

nisQorl;

Ar is phenyl, an 8-10 membered bicyclic partially unsaturated or aryl carbocyclic ring, a 5-6
membered monocyclic heteroaryl having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-10 membered bicyclic partially unsaturated or
heteroaryl ring having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, wherein Ar is optionally substituted with one or more R* groups;

each R* is independently selected from -R, -Ph -CN, halogen, -OR, -C(O)NH,, -C(O)OR,
-NHC(O)R, -SO3R, or -NHSO2R;

y is 0-3; .

each R! is independently -R, -CN, halogen, -OR, -C(O)NH;, -C(O)OR, , -NHC(O)R, -SO:R,
or -NHSO2R; '

each R is independently hydrogen or C,.5 aliphatic or fluoro-substituted C,. aliphatic;

R? is hydrogen, C).; alkyl, 61' -O(C,3 alkyl); and

each of R® and R* is independently hydrogen or C.¢ aliphatic.

2. The compound according to claim 1, wherein said compound is of formula Xa:
(R1)y-—§jioj\®/l?s
/ o N\R4
Rz \/mM
Ia

or a pharmaceutically acceptable salt thereof.
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3. The compound according to claim 2, wherein each R! is independently -R,
-CN, halogen or -OR.

4. The compound according to claim 3, wherein said compound has the formula
Ila or ITb:

R1 O R3 O RS
I I
OJ\%N\R“ R! 0 o N e
R? R2
Ar Ar
a b

or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 4, wherein Ar is phenyl, an 8-10 membered

bicyclic partially unsaturated or aryl carbocyclic ring, or a 5-6 membered monocyclic

heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur.

6. The compound according to claim 5, wherein Ar is pyridyl, pyrimidinyl,

thienyl, or furanyl.
7. The compound according to claim 5, wherein said compound is of formula
Ila or Ilc:
(R1)y (R1)y
RS
Mﬂ«\
RX R?
G (R04 (Ro-3

1 E]
or a pharmaceutically acceptable salt thereof.

8. The compound according to claim 7, wherein each R” is independently
selected from -R, -Ph, -CN, halogen, or ~OR.

Page 177 of 193



72

11)')01

WO 2006/116158 PCT/US2006/015201

9. The compound according to claim 2, wherein:

each R! is independently -R, -CN, halogen, or -OR;

R? is hydrogen, methyl, or methoxy;

Ar is pyridyl, pyrimidinyl, thienyl, furanyl, or phenyl optionally substituted with one or more
R* groups;

each R* is independently selected from -R, -Ph, -CN, halogen, or -OR; and

each of R? and R is independently hydrogen, methyl, ethyl, cyclopropyl, cyclopropylmethyl,
n-propyl, allyl, or cyclobutyl.

10.  The compound according to claim 1, wherein said compound is of formula Ib:
R3
R
©] N

®) Mt
0

R2
Ar

R4

Ib
or a pharmaceutically acceptable salt thereof.

11.  The compound according to claim 10, wherein each R! is independently -R, -
CN, halogen, or -OR.

12.  The compound according to claim 11, wherein said compound is of formula
Ilc or IId:

1 Ta Ta
R lo) o)
: [3 N : [: N
o \R4 - \R4
(0] R2 R? (0] R2
Ar.
IIc IId

or a pharmaceutically acceptable salt thereof.

13.  The compound according to claim 12, wherein Ar is phenyl, an 8-10
membered bicyclic partially unsaturated or aryl carbocyclic ring, or a 5-6 membered
monocyclic heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen,
or sulfur.
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14.  The compound according to claim 13, wherein Ar is pyridyl, pyrimidinyl,
thienyl, or furanyl.

15.  The compound according to claim 13, wherein said compound is of formula
ITIb or ITId:

(R")y ?
0]
Sy
O ke
RX
igﬂ (RMo4
IIIb

or a pharmaceutically acceptable salt thereof.

16.  The compound according to claim 15, wherein each R* is independently
selected from R, Ph, CN, halogen, or OR.

17.  The compound according to claim 10, wherein:
each R! is independently -R, -CN, halogen or -OR;
R? is hydrogen, methyl, or methoxy;

Ar is pyridyl, pyrimidinyl, thienyl, furanyl, or phenyl optionally substituted with one or more

R* groups;
each R* is independently selected from -R, -Ph, -CN, halogen or -OR; and

Jo2-

each of R? and R* is independently hydrogen, methyl, ethyl, cyclopropyl, cyclopropylmethyl,

n-propyl, allyl, or cyclobutyl.

18.  The compound according to claim 1, wherein Ar is selected from:

t “cl .
Cl
i i il iv v
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vi vii viii ix X
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F
F
xi Xii xiil Xxiv Xxv
MeO l cl i MeO. O Meo\‘i
Cl MeO
Cl
Xvi Xxvii xviii xix Xxx
"N V"
Cl Ci
@
S
Xxxii
v v A e e
Cl OMe
Cl CF3
xxiii xxv
wAns e
Cl Ci ; C Cl< i A w@r \©/
OCF3
xcviti xxix xxx xoexl /1
whar
O Kj o Q Ij
xxxiy xXxxy xxxvi xxxvii Xxxviil
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cl F3C FsC C|\©
OMe OMe OMe F CF, OEt
xlit xliii Xxliv xly
whar o whoe
J@ ﬁ 0, "L
Cl CN CF3
xlvi xlvii xlvui l /]
o wh
-F F
lii i liv v vi il

The compound according to claim 1, wherein said compound is selected from:

: o : B : B : S

§0n Fom GO GO
Gom G0e G2 G0

1-9 1-10 I-11 I-12
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or an enantiomer or racemate thereof,

20. A composition comprising a compound according to any one of claims 1 to

19, and one or more pharmaceutically acceptable carriers, diluents, or excipients.

21.  The composition of claim 20, further comprising an additional pharmaceutical - -

agent selected from an anti-psychotic agent, an antidepressive agent, an anti-obesity agent, an
agent useful in the modulation of bladder activity, an opioid antagonist, an agent for treating
ADD or ADHD, a cognitive improvement agent, an agent for treating sexual dysfunction, or

a pain relieving agent.

22. A method for treating a condition selected from at least one of psychotic
disorder, an anxiety disorder, a bipolar disorder, a depressive disorder, premenstrual
syndrome (PMS), premenstrual dysphoric disorder (PMDD), an eating disorder, a bladder
control disorder, substance abuse or substance dependence, a cognition disorder, ADD or
ADHD, an impulsivity disorder, an addictive disorder, male or female sexual dysfunction,
pain, a motion or motor disorder, Parkinson’s disease epilepsy, migraine, chronic fatigue
syndrome, anorexia nervosa, a sleep disorder, mutism, or one or more central nervous
system deficiencies in a patient, comprising administering to the patient a therapeutically
effective amount of a compound according to any one of claims 1 to 19 or a composition

comprising a compound according to any one of claims 1 to 19.

23.  The method of claim 22 wherein the psychotic disorder is schizophrenia,
paranoid type schizophrenia, disorganized type schizophrenia, catatonic type schizophrenia,
undifferentiated type schizophrenia, a schizophreniform disorder, a schizoaffective disorder,
a delusional disorder, substance-induced psychotic disorder, a psychotic disorder not
otherwise specified; L-DOPA-induced psychosis; psychosis associated with Alzheimer’s
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aemenua; psychosis associated with Parkinson’s disease; or psychosis associated with Lewy

body disease

24.  The method of claim 22, wherein the condition is bipolar disorder and is
selected from bipolar I disorder, bipolar II disorder, cyclothymic disorder; bipolar mania,
dementia, depression with psychotic features, or cycling between bipolar depression and

bipolar mania.

25.  The method of claim 22, wherein the depressive disorder is major depressive
disorder, seasonal affective disorder, dysthymic disorder, substance-induced mood disorder,
depressive disorder not otherwise specified, treatment resistant depression, major depressive

_episade.. ..

26.  The method of claim 25, further comprising administering to the patient an
antidepressive agent selected from serotonin reuptake inhibitors (SRIs), norepinephrine
reuptake inhibitors (NRIs), combined serotonin- norepinephrine reuptake inhibitors (SNRIs),
monoamine oxidase inhibitors (MAOIs), reversible inhibitors of monoamine oxidase
(RIMAs), phosphodiesterase-4 (PDE4) inhibitors, corticotropin releasing factor (CRF)
antagonists, alpha.-adrenoreceptor antagonists, triple uptake inhibitors, melatonin agonists,
super neurotransmitter uptake blockers (SNUBs), noradrenergic and specific serotonergic

antidepressants (NaSSAs), or substance P/neurokinin receptor antagonists.
27.  The method of claim 22, wherein the cognitive disorder is a learning disorder.
28.  The method of claim 22, wherein the patient is treated for obesity.
29.  The method of claim 22, wherein the patient is treated for ADD or ADHD.
30.  The method of claim 22, wherein the substance abuse substance dependence is

of a recreational substance, a pharmacologic agent, a tranquilizer, a stimulant, sedative, or
illicit drug.
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31, The method of claim 22, further comprising administering to the patient an
additional pharmaceutical agent selected from an anti-psychotic agent, an antidepressive
agent, an anti-obesity agent, an agent useful in the modulation of bladder activity, an opioid
antagonist, an agent for treating ADD or ADHD, a cognitive improvement agent, an agent for

treating sexual dysfunction, or a pain relieving agent.

32. A method for treating schizophrenia in a patient, comprising administering to

the patient a therapeutically effective amount of a composition according to claim 20.

33. A method for treating obesity in a patient, comprising administering to the

patient a therapeutically effective amount of a composition according to claim 20.

34. A method for treating bipolar disorder in a patient, comprising administering

to the patient a therapeutically effective amount of a composition according to claim 20.
35. A method for treating depression in a patient, comprising administering to the

patient a therapeutically effective amount of a composition according to claim 20.

36. A process for the preparation of a compound having formula I'
0.

AN R3
(R1 )y__= P )n [!]
o m R*
Ar R
I
or a pharmaceutically acceptable salt thereof, wherein:
mis1or2;
nisQorl;

Ar is phenyl, an 8-10 membered bicyclic partially unsaturated or aryl carbocyclic ring, a 5-6
membered monocyclic heteroaryl having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-10 membered bicyclic partially unsaturated or
heteroaryl ring having 1-5 heteroatoms independently selected from nitrogen, oxygen, or

sulfur, wherein Ar is optionally substituted with one or more R* groups;
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each R* is independently selected from -R, -Ph -CN, halogen, -OR, -C(O)NH,, -C(O)OR,
-NHC(O)R, -SO;R, or -NHSO2R;

y is 0-3;

each R! is independently -R, -CN, halogen, -OR, -C(O)NHj3, -C(O)OR, , -NHC(O)R, -SO:R,
or -NHSO,R;

each R is independently hydrogen or C,.5 aliphatic or fluoro-substituted C;.¢ aliphatic;

R? is hydrogen, Cy.3 alkyl, or -O(C,.3 alkyl); and

each of R® and R* is independently hydrogen or C;.¢ aliphatic; which process comprises

(i) alkylation of a compound having the formula HNRR where R* and R* are as defined

above with, as alykylating agent, a compound having the formula X

where Y is a leaving group and R, R% m, n, y and Arare as defined above;

(ii) reduction of a compound having the formula Xa

O.
(R‘)-'(Y )
Y “\(Y\o N3
R? \/m

Ar
Xa
where R, R?, R3, R*, m, n, y and Ar are as defined above; or
(iii) subjecting a compound having the formula Xb

ol a
<R1>,~ﬁ/ )“ T
R2 \ /m
Ar
Xb

where RY, R%, R%, R%, m, n, y and Ar are as defined above and R® is selected from R® and a
removeable monovalent protecting group whilst R” is a removeable monovalent protecting
group or R® and R together represent a divalent protecting group to treatment to remove the

protecting group(s);
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DERIVADOS DE BENZODIOXANO Y BEZODIOXOLANO Y SUS USOS 6

REFERENCIA CRUZADA A SOLICITUDES RELACIONADAS

[0001] Esta solicitud reivindica la prioridad de la Solicitud de
Patente Provisional Estadounidense numero de serie 60/673,884,

presentada en Abril 22, 2005, cuya totalidad se incorpora aqui

como referencia.
CAMPO DE LA INVENCION

[0002] La presente invencién se relaciona con agonistas o
agonistas parciales del receptor 5-HT,;, 1los procesos para su

preparacién, y sus usos.
ANTECEDENTES DE LA INVENCION

[0003] La Esquizofrenia afecta aproximadamente a 5 millones de
personas. Los tratamientos mds prevalentes para la esquizofrenia
son actualmente los antipsicéticos ‘atipicos’, que combinan el
antagonismo de la dopamina (D;) y el receptor de serotonina (5-
HT,a) A pesar de las mejoras reportadas en la eficacia y la
responsabilidad de los efectos colaterales de los antipsicoticos
atipicos con relacién a antipsicéticos tipicos, estos compuestos
no parecen tratar adecuadamente todos los sintomas de la
esquizofrenia y estdn acompafiados de efectos colaterales
problematicos, tal como ganancia de peso (Allison, D. B., et.

al., Am. J. Psychiatry, 156: 1686-1696, 1999; Masand, P. S., Exp.
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Opin. Pharmacother. I: 377-389, 2000; Whitaker, R., Spectrum Life

Sciences. Decision Resources. 2:1-9, 2000).

[0004] Los antipsicéticos atipicos también se unen con alta
afinidad a los receptores 5-HT,c y funcionan como antagonistas o
agonistas inversos del receptor 5-HT,c. La ganancia de peso es
un efecto colateral problematico asociado con antipsicéticos
atipicos tales como clozapina y olanzapina, y se ha sugerido que
el antagonismo 5-HT,c es responsable de la ganancia de peso
incrementada. Alternativamente, la estimulacién del receptor 5-
HTyc se conoce dque resulta en una disminucidén en la toma de
alimentos y en el peso del cuerpo (Walsh et. al.,
Psychopharmacology 124: 57-73, 1996; Cowen, P. J., et. al., Human
Psychopharmacology 10: 385-391, 1995; Rosenzweig-Lipson, S., et.

al., ASPET abstract, 2000).

[0005] Diversas lineas de evidencia soportan un papel del
agonismo del receptor 5-HT,c o del agonismo parcial como un
tratamiento para la esquizofrenia. Los estudios sugieren que los
antagonistas 5-HT,c incrementan los niveles sindpticos de la
dopamina y pueden ser efectivos en modelos animales de enfermedad
de parkinson (Pi Matteo, V., et. al., Neuropharmacology 37: 265-
272, 1998; Fox, S. H., et. al., Experimental Neurology 151: 35-
49, 1998). Ya que los sintomas positivos de la esquizofrenia se
asocian con niveles incrementados de dopamina, los compuestos con

acciones opuestas a aquellas de los antagonistas 5-HTj, tal como
los agonistas ©5-HT,c y agonistas parciales, debe reducir 1los
niveles de dopamina sindptica. Estudios recientes han demostrado

gue los agonistas 5-HT,c disminuyen los niveles de dopamina en la
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corteza prefrontal y el nucleus accumbens (Millan, M. J., et.

al., Neuropharmacology 37: 953-955, 1998; Di Matteo, V., et. al.,
Neuropharmacology 38: 1195- 1205, 1999; Di Giovanni, G., et. al.,
Synapse 35: 53-61, 2000), las regiones del cerebro que se piensa
que median los efectos antipsicéticos criticos de drogas
similares a la clozapina. Sin embargo, los agonistas del 5-HTyc
no disminuyen los niveles de dopamina en el estritum, la regién
del cerebro mads cercanamente asociada con los efectos colaterales
extrapiramidales. Adicionalmente, un reciente estudio demuestra
que los agonistas 5-HT,c disminuyen los disparos en el A&rea
ventrotegmentaria (VTA), pero no en la sustancia negra. Los
efectos diferenciales de los agonistas 5-HT,c en el trayecto
mesolimbico relativo al trayecto nigroestriatal sugiere que los
agonistas 5-HT,c tienen selectividad 1limbica, y sera menos
probable que produzcan efectos colaterales extrapiramidales

asociados con los antipsicéticos tipicos.

RESUMEN DE LA INVENCION

[0006] La presente invenciédn se relaciona con agonistas o
agonistas parciales del receptor 5-HTc y sus usos. En un
aspecto, la invencién se relaciona con derivados novedosos de
2,3- dihidrobenzo [1,4]-dioxano sustituido con arilo Yy 2,3-
dihidrobenzol [1,4] dioxolano sustituido con arilo que actdan
como agonistas o agonistas parciales del receptor 5-HT. LOs
compuestos se pueden utilizar, por ejemplo, para tratar
esquizofrenia y los trastornos concomitantes del estado de &nimo
y los deterioros cognitivos de la esquizofrenia y la depresidn.

En ciertas modalidades, los compuestos de la presente invencidn

(&
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estan menos inclinados a producir los incrementos de peso
corporal asociados con los antipsicéticos atipicos actuales. Los
compuestos de la presente invencién también se pueden utilizar
para el tratamiento de 1la obesidad y sus comorbileces. Los
compuestos de 1la presente invencién también son utiles para
tratar una variedad de trastornos psicéticos, de depresién y
trastornos relacionados, y trastornos cognitivos como se describe

aqui en detalle.

[0007] En ciertas modalidades, la presente invencién proporciona

un compuesto de la férmula I:

= R
m,.@ N
Rz m
Ar
1

o una sal farmacéuticamente aceptable de la misma, en donde:

mes1lo 2;

nes 0ol ;

Ar es fenilo, una anillo carboxiclico de arilo o parcialmente
insaturado biciclico de 8 a 10 miembros, un heteroarilo
monociclico de 5 a 6 miembros que tiene 1 a 4 heteroatomos
independientemente seleccionados de nitrégeno, oxigeno, o
azufre, o un anillo de heteroarilo o biciclico parcialmente
insaturado de 8 a 10 miembros que tiene 1 a 5 heteroatomos
independientemente seleccionados de nitrdégeno, oxigeno, o
azufre, en donde Ar es sustituido opcionalmente con uno o

mas grupos R*;

Cada R* es independientemente seleccionado de -R, -Ph, -CN,

halégeno, -OR, -C(O)NH, -C(O)OR, -NHC(O)R, -SO2R, o —-NHSO3R;

PCT/USZOOG/0152017J7
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Y es 0-3;

cada R' es independiente -R -CN, haldgeno, OR, -C(O)NH,, -C(O)OR,
-NHC (O)R, -SO;R, O —-NHSO,R;

cada R es independientemente hidrégeno, alifatico con 1 a 6
carbonos o alifdtico con 1 a 6 carbonos sustituido con
flaor;

R? es hidrégeno, alquilo con 1 a 3 carbonos, o -0 (alquilo con 1
a 3 carbonos); y

cada uno de R’ y R! son independientemente hidrégeno o aliféaticos

con 1 a 6 carbonos.

[0008] En ciertas otras modalidades, la invencién se relaciona
con métodos para tratar un paciente que sufre de esquizofrenia,
trastorno esquizofreniforme, trastorno esquizoafectivo, trastorno
delusional, trastorno psicético inducido por sustancias, Psicosis
inducida por L-DOPA, psicosis asociada con Demencia de Alzheimer,
psicosis asociada con la Enfermedad de Parkinson, psicosis
asociada con la Enfermedad del cuerpo de Lewy, demencia, déficit
de la memoria, déficit intelectual asociado con la enfermedad de
Alzheimer, trastornos bipolares, trastornos depresivos, episodios
de cambio de humor, trastornos de ansiedad, trastornos de ajuste,
trastornos alimenticios, epilepsia, trastornos del suefio,
migrafias, disfuncién sexual, abuso de sustancias, adiccién al
alcohol y otras varias drogas, que incluyen cocaina y nicotina,
trastornos gastrointestinales, obesidad, o una deficiencia del
sistema nervioso central asociado con trauma, infarto o dafio en
la médula espinal, u otras condiciones o trastornos segun se

describié aqui, que incluyen administrar al paciente una cantidad
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terapéuticamente efectiva de un compuesto de la férmula I, o una

sal farmacéuticamente aceptable de esta.

[0009] En todavia otras modalidades, la invencién se relaciona
con composiciones que comprenden un compuesto de la férmula I o
una sal farmacéuticamente aceptable de esta, y uno o mas
portadores farmacéuticamente aceptables, excipientes, o]

diluyentes.
DESCRIPCION DETALLADA DE LA INVENCION
1. Compuestos y Definiciones

[0010] La presente invencién se relaciona con derivados de 2,3-
dihidrobenzo[1l, 4]dioxano sustituido V% arilo 2,3~
dihidrobenzo[1l,4]dioxolano sustituido novedosos que son agonistas
o agonistas parciales del subtipo 2C de los receptores de

serotonina de cerebro.

[0011]] El1 término “alifdtico” o ‘“grupo alifatico”, como se
utiliza, significa una cadena de hidrocarburo de cadena recta (es
decir, no ramificada) o ramificada, sustituida o no sustituida
gue estd completamente saturada o que contiene una o mas unidades
de insaturacién, o un hidrocarburo monociclico que estéa
completamente saturado o que contiene una o mas unidades de
insaturacién, pero que no es aromatico (también se refiere aqui
como “carbociclo” “cicloalifatico” o “cicloalquilo”), que tiene
un unico punto de adhesién al resto de la molécula. En cilertas

modalidades, los grupos alifaticos que contienen de 1-4 atomos de
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carbono alifaticos, y en aln otras modalidades, los grupos
alifaticos que contienen de 1-3 Atomos de carbono alifaticos. En
algunas modalidades, “cicloalifédtico” (o “carbociclo”) se refiere
a un hidrocarburo de 3 carbonos a 6 carbonos monociclico que esté
completamente saturado o que contiene una o mas unidades de
insaturacién, pero que no es aromdtico, que tiene un uUnico punto
de adhesién al resto de la molécula. Tales grupos cicloalifdticos
incluyen grupos cicloalquilo, cicloalquenilo, y cicloalquinilo.
Grupos alifaticos adecuados incluyen, pero no se limitan a,
grupos alquilo, alquenilo, algquinilo lineales o ramificados,
sustituidos o no sustituidos e hibridos de estos tales como
(cicloalgquil)alquilo,

(cicloalquenil)alquilo o

(cicloalgquil)alquenilo.

[0012] El1 término “insaturado,” como se utiliza, significa que

una porcién tiene una o mas unidades de insaturacién.

[0013] E1 término “alquilo inferior,” como se usa aqui, se
refiere a una cadena de hidrocarburo que tiene hasta 4 atomos de
carbono, preferiblemente 1 a 3 4&tomos de carbono, y mas
preferiblemente 1 a 2 A&tomos de carbono. El término ™“alquilo”
incluye, pero no se limita a, cadenas rectas y ramificadas tales
como metilo, etilo, n-propilo, isopropilo, n-butilo, isobutilo,

sec-butilo, o t-butilo.

[0014] El1 término “alcoxi,” como se usa aqui, se refiere a el

grupo -OR*, en donde R* es un grupo alquilo inferior.

72
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[0015] El1 término “halégeno” o “halo,” como se usa aqui, se

refiere a cloro, bromo, fluor o yodo.

(0016] El término “halo-alquilo,” como se usa aqui, o como parte
de una porcién tal como “haloalcoxi” se refiere a un grupo
alquilo, segun se definié aqui, que tiene uno o mas sustituyentes
haldégeno. En cierta modalidad, cada &tomo de hidrégeno en dicho

grupo alquilo se reemplaza por un atomo de haldégeno. Tales grupos

halo-alquilo incluyen -CF;. Tales grupos halo-alquilo incluyen -

OCFjs.

[0017] El1 término “alifatico fluoro-sustituido,” como se usa
aqui, un grupo alifatico, como se define aqui, que tiene uno o
mas sustituyentes de fluor. En cierta modalidad, wun grupo

alifatico sustituido con fluoro es un grupo fluoroalquilo.

[0018] El1l término “fluoroalquilo,” como se usa aqui, o como parte
de una porcién tal como “fluoroalcoxi” se refiere a un grupo
alquilo, como se define aqui, que tiene uno o mas sustituyentes
de flaor. En cierta modalidad, cada atomo de hidrégeno en dicho

grupo alguilo se reemplaza por un &tomo de fluor.

[0019] El término “alquenilo” como se usa aqui, se refiere a una
cadena de hidrocarburos alifatica recta o ramificada que tiene 2-
4 carbonos que tiene uno o mas enlaces dobles. Ejemplos de grupos
alquenilos incluye vinilo, prop-l-enilo, alilo, metalilo, but-1-
enilo, but-2-enilo, o but-3-enilo. El término “alquenilo
inferior” se refiere a un grupo alquenilo que tiene de 1-3 atomos

de carbono.
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[0020] El término “arilo,” como se usa aqui se refiere a fenilo o
a un anillo arilo o arilo insaturado parcialmente biciclico de 8-
10 miembros. Grupos arilo ilustrativos incluyen el fenilo y el
naftilo. En ciertas modalidades, el término “arilo” como se usa
aqui se refiere a un anillo insaturado parcialmente biciclico de
8-10 miembros en donde por lo menos uno de los anillos es

aromatico.

[0021] Como se usa aqui el término “Ph” se refiere a un anillo

fenilo.

[0022] El1 término “heteroarilo”, como se usa aqui, se refiere a
un heteroarilo monociclico de 5 a 6 miembros que tiene 1-4
heterodtomos independientemente seleccionados entre nitrdgeno,
oxigeno, o azufre, o un anillo hetercarilo o insaturado
parcialmente ciclico de 8-10 miembros que tiene 1-5 heteroatomos
independientemente seleccionados entre nitrégeno, oxigeno, o©
azufre. Ejemplos de heteroarilos incluyen, pero no se limitan a,
tienilo, furilo, pirrolilo, imidasolilo, pirazolilo, oxaxolilo,
ixoxasolilo, tiazolilo, isotiazolilo, piridilo, piracinilo,
pirimidinilo, piadazinilo, indolilo, indazolilo, benzofuranilo,
isobenzofuranilo, benzotienilo, isobenzotienilo, quinolino,

isoquinolino, quinozanilino,o quinazolinilo.

[0023] El término “cantidad efectiva” Yy “cantidad
terapéuticamente efectiva”, como se usa aqui, se refiere a la
cantidad de un compuesto de la férmula I que, cuando es

administrado a un paciente, es efectiva para por 1o menos tratar

724
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parcialmente una condicién de la cual el paciente sufre. Tal
condicién incluye, pero no se limita a, esquizofrenia, trastorno
esquizoafectivo, trastorno esquizofreniforme, psicosis inducida
por L-DOPA, trastorno bipolar, obesidad, trastorno compulsivo
obsesivo, depresién, trastorno del panico, trastornos del suerfio,

trastornos alimenticios, y epilepsia.

[0024] El1 término “sales farmacéuticamente aceptables” o “sal
farmacéuticamente aceptable” incluye sales de adicidén de é&cido,
que son sales derivadas de tratar un compuesto de la férmula I
con un acido orgénico o inorgénico tal como, por ejemplo, acido
acético, lactico, citrico, cinamico, tartarico, succinico,
fumarico, maléico, maldénico, mandélico, malico, oxalico,
propiénico, clorhidrico, bromhidrico, fosférico, nitrico,
sulfirico, glicdélico piruvico, metanosulfénico, etanosulfénico,
toluenosulfoénico, salicilico, benzoico, o Aacidos aceptables
similarmente conocidos. En donde un compuesto de la férmula I
contiene un sustituyente con propiedades de &acido, por ejemplo,
hidroxilo fendélico como SO,H o CO;H como R' o R¥, el término
también incluye sales derivadas de bases, por ejemplo, sales de

sodio.

[0025] El1 término “paciente,” como se usa aqui, se refiere a un
mamifero. En ciertas modalidades, el término “paciente”, como se

usa aqui, se refiere a un humano.

[0026] Los términos “administrar,” “que administra,” o
“administracién,” como se usa aqui, se refiere a administrar

directamente un compuesto o composicién a un paciente, o
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administrar un derivado de prodroga o andlogo del compuesto al

paciente, el cual formard una cantidad equivalente del compuesto

activo o sustancia activa dentro del cuerpo del paciente.

[0027] Los términos “tratar” o “tratando,” como se usa aqui, se

refiere aliviar, inhibir, prevenir, mejorar y/o recuperar parcial

o completamente la condiciédn.

[0028] Los términos “sufre” o “que sufre” como se usa aqui se
refiere a una o mas condiciones con las que se ha diagnosticado a

un paciente, o se sospecha que tiene.

2. Descripcidén de los Compuestos Ilustrativos:

[0029] En ciertas modalidades, la invencién se relaciona con un

compuesto de la férmula I:

(R

o su sal farmacéuticamente aceptable, en donde:
mes 1o 2;

nes 0ol ;

Ar es fenilo, un anillo carboxiclico de arilo o parcialmente
insaturado Dbiciclico de 8-10 miembros, un heteroarilo
monociclico de 5-6 miembros gque tiene 1-4 heteroatomos
independientemente seleccionados de nitrégeno, oxigeno, ©

azufre, o un anillo heteroarilo biciclico de 8-10 miembros

22¢
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que tiene 1-5 heteroatomos independientemente seleccionado

entre nitrdégeno, oxigeno, o azufre, en donde Ar esta
sustituido opcionalmente con 1 o mds grupos R*:

cada R* es seleccionado independientemente de -R, -Ph,-CN,
halégeno, -OR, -C(O)NH;, -C(O)OR, -NHC(O)R, -SO,R, o -NHSO,R;

y es 0-3;

cada R! es independientemente -R, -CN, halégeno, -OR, -C(O)NH,, -
C(O)OR, -NHC(O)R, -SO,R, o -NHSO,R;

cada R es independientemente hidrégeno o un alifdtico con 1 a 6
carbonos © un alifatico con 1 a 6 carbonos sustituido con
flaor;

R? es hidrégeno, alquilo con 1 a 3 carbonos, o -O (alquilo con 1
a 3 carbonos); y

cada R® y R' es independientemente hidrégeno,o un alifdtico con

1 a 6 carbonos

[0030] como se definié en general arriba, el grupo n de la

férmula I es 0 o 1. En ciertas modalidades, n es 0 formando asi
un compuesto de la férmula Ia gque tiene wun anillo de

benzodioxano:

Ly Iy

s 1 2 3 4
o su sal farmacéuticamente aceptable, en donde R°, R%, R°, R’, Ar,
y, y m son como se definié anteriormente para los compuestos de

la férmula I y en clases y subclases como se describid

anteriormente aqui.

7
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[0031] De acuerdo con otra modalidad, el grupo n de la férmula i

es 0, formando asi un compuesto de la férmula Ib que tiene un

anillo benzodioxolano:

R?
o,y N
R, M R
R?
Ar
| |

o su sal farmacéuticamente aceptable, en donde R}, R?, R3}, R% Ar,
y, Yy m son como se definié anteriormente para los compuestos de
la férmula I y en «clases y subclases como se describid

anteriormente aqui.

[0032] como se definidé en general arriba, y es 0-3 y cada grupo
R! de la férmula I es independientemente -R, -CN, halégeno o -OR,
-C (O)NH,, -C(O)OR, -NHC (O) R, -SOsR, O -NHSO;R. En ciertas
modalidades, cada grupo R! de la férmula I es independientemente
-R, -CN. Halbégeno o -OR. En ciertas modalidades, cada grupo R! de
la férmula I es independientemente hidrégeno, alifatico, con 1 a
3 carbonos, haldégeno, -OH, -O(alifdtico de 1 a 3 carbonos) o -

CF;. En todavia otras modalidades, y es 1, y R! es halégeno.

[0033] De acuerdo con una modalidad, y es 1, nes 1, vy R! estd en
la posicién 6 o 7 del anillo benzodioxano de la foérmula I,

formando asi un compuesto de la férmula IIa o IIb:

R1 0. O 3

0 m R R 0 m R

918
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0 su sal farmacéuticamente aceptable de este, en donde cada R!,
2 3 4 Ca g .

R R, R’ Ar, y m son como se definié anteriormente para los
compuestos de la férmula I y en clases y subclases como se

describidé anteriormente aqui.

[0034] De acuerdo con otra modalidad, y es 1, n es 0, y R! esta
en la posicién 5 o 6- del anillo benzodioxolano de la férmula I,

formando asi un compuesto de la férmula IIc, o IId:

o su sal farmacéuticamente aceptable, en donde cada R', R?, R?,
R', Ar, y m son como se definié anteriormente para los compuestos
de la férmula I y en clases y subclases como se describié

anteriormente aqui.

[0035] Como se definidé en general arriba, el grupo Ar de la
férmula 1 es fenilo, un anillo carbociclico de arilo o insaturado
parcialmente biciclico de 8-10 miembros, un heteroarilo
monociclico de 5-6 miembros que tiene 1-4 heterodtomos
independientemente seleccionado de nitrégeno, oxigeno, o azufre,
o un anillo heterocarilo o insaturado biciclico parcialmente de 8-
10 miembros que tiene 1-.5 heterocdtomos independientemente
seleccionados de nitrdgeno, oxigeno, o azufre, en donde Ar es

sustituido opcionalmente con uno o mds grupos R*, y en donde cada

279
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R* es seleccionado independientemente de -R, -Ph, -CN, haldgeno,
-OR, -C(O)NH,, -C(O)OR, -NHC(O)R, -SO;R, O NHSO,R. En ciertas
modalidades, el grupo Ar de la férmula I es fenilo, un anillo
arilo o insaturado parcialmente biciclico de 8-10 miembros, o un
heteroarilo monociclico de 5-6 miembros que tiene 1-4
heteroatomos independientemente seleccionados entre nitrégeno,
oxigeno, o azufre, en donde Ar es sustituido opcionalmente con
R*. En otras modalidades, el grupo Ar de la férmula I es
piridilo, pirimidinilo, tienilo, o furanilo, en donde Ar es
opcionalmente sustituido con R*" Todavia en otras modalidades, el
grupo Ar de la férmula I es fenilo opcionalmente sustituido con
uno o mds grupos R*. De acuerdo con una modalidad, Ar es fenilo
sustituido con R* en la posicién orto formando asi un compuesto

de la férmula IIIa o IIIb:

Ry Ry R
(L (L ophe
RX U RX <
_, (R0 G R _
1lla b

s . 1 2 3
o una sal farmacéuticamente aceptable, en donde cada R°, R%, R7,
R, R* , y vy m son como se definié anteriormente para los
compuestos de la férmula I y en clases y subclases como se

describidé anteriormente aqui.

[0035] Como se definié en general arriba, el grupo Ar de la
férmula I és fenilo, un biciclico parcialmente insaturado o

anillo carbociclico, un heteroarilo monociclico de 5 a 6 miembros
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ue tiene de 1 a 4 heterodtomos independientemente seleccionado de
nitrégeno, oxigeno o azufre, o biciclico de 8 a 10 miembros
parcialmente insaturado o anillo heterocarilo que tiene de 1 a 5
heterodtomos independientemente seleccionados de nitrégeno,
oxigeno o azufre en donde Ar es opcionalmente sustituido con uno
o mids grupos R*, y en donde cada R* es independientemente
seleccionado de -R, -Ph, -CN, haldégeno o -OR -C(O)NH,, -C(O)OR, -
NHC (O)Rs -SO2R, o -NHSOz;R. En ciertas modalidades, el grupo Ar de
la férmula I es fenilo, un anillo arilo parcialmente insaturado
biciclico de 8-10 miembros, o un heterocarilo monociclico de 5-6
miembros que tienen de 1-4 heteroatoms seleccionados
independientemente de nitrégeno, oxigeno o azufre, en donde Ar es
opcionalmente sustituido con R*. En otras modalidades, el grupo
Ar de la férmula I es piridilo, pirimidinilo, tienilo, o
furanoilo, en donde Ar es opcionalmente sustituido con R*. En
todavia otras modalidades, el grupo Ar de la férmula I es fenilo,
opcionalmente sustituido con uno o mds grupos R*. De acuerdo con
una modalidad, Ar es fenilo sustituido con R* en la posicidén orto

asi formando un compuesto de la férmula IIIa o IIIb:

(Ri)y (R1)Y

o su sal farmacéuticamente aceptable, en donde cada R!, R?, R’

R, R, y y m son como de definié anteriormente para los




