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©® ANEXOS

Comprobante de pago de la tasa.

Poderes, si fuere el caso.

Bl Pruebas de los fundamentos de la oposicion.

B Documentos que acrediten el legitimo interes, si fuere el caso.

B Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.

Instrucciones para el diligenciamiento del presente formulario, verreversa de esta pagina.
i
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Derecho de la Competencia, Propiedad

Optimum Inclustrial y Comercio Exterior

Seiora Jefe,
DIVISION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S. D. .

Referencia : Expediente N° 08 115666 /

Asunto : Oposiciéon a la solicitud de patente de Invencion titulada
“COMPUESTOS DE DIALQUILFENILO CON
ACTIVIDAD AGONISTA DEL RECEPTOR BETA2
ADRENERGICO Y A?GONISTA DEL RECEPTOR

MUSCARINICO”
Solicitante : THERAVANCE INC/
Opositora : PROCAPS S.A.

Publicada en la G/céa de la Propiedad Industry
| - N° 614 del 19 de marzo de 2010
// /
S il - o
7 Yo, CIELO ANGELA PENA RODRIGUEZ, abogada en ejercicio, identificada como
/ al}afece al pie de su firma, con tarjeta profesional No. 82701 del Consejo Superior de
1:1 Judicatura, en mi condicion de apoderada de la sociedad PROCAPS S.A.
conformada bajo las leyes de la Republica de Colombia y domiciliada en la ciudad de
Barranquilla, Colombia, atentamente manifiesto que estando dentro del término de ley
y por orden expresa de mi representada, presento oposicion a la concesion dg:l’fégistro
de la Patente de Invencién titulada “COMPUESTOS DE DIALQUILFENILO CON
ACTIVIDAD AGONISTA DEL RECEPTOR BETA2 ADRENERGICO Y
ANTAGONISTA DEL RECEPTOR MUSCARINICO”, cuyo ttular es
.\ \\\
AN S o i
\\ \‘”Carrer_a 13 Ne 119:95, Of, 104 Tel:*(57l)j 131213-62050121 - Fax. (G71)61219 79

. E-mail: negocios@optimum-co.com - www.optimume-co.com
.-~ Bogoti Colombia
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Derecho de la Competencia, Propiedad

Optimum Industrial y Comercio Exterior

THERAVANCE INC, y pido a Usted declarar fundada esta oposicion y en

consecuencia negar el registro de la patente solicitada.

/
1. INTERES PARA ACTUAR
Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 2000 de la
CAN, estando dentro del término estipulado por la ley, manifiesto el legitilyinterés
de nuestra representada para oponerse al registro de la patente de la“referencia,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
ley como se analizara mas adelante y de ser concedida afectaria directamente la
comercializacion de/.qlgunos productos mi representada, que contienen, en
particular DERIVADOS DE BIFENIL. Por lo tanto, solicito respetucsamente a ese
Despacho se sirva tener en cuenta la presente oposicion dentro del tramite

administrativo que se surte en esta Superintendencia.

;o | ‘ 2. FUNDAMENTOS DE HECHOS

.‘ 2.1. La solicitud objeto de la presente fue presentada el 29 de octubre de 2008

" reivindicando prioridad bajo Ia solicitud US20060794702P del 2006.04-25; y fue
publicada en Colombia, en la Gaceta de la Propiedad Industrial N° 614 del 19 de
marzo de 2010, cuya publicacion internacional corresponde a la WO2007/127196
del 2007-11-08.

“~Carrera 13 N° 11995, Of. 104 Tel. (571)2 13 1213 - 62050 21 - Fax. (571)6 12 19 79
E-mail: negocios@oprimum-<o.com - www.optimum-co.com
Bogotd Colombia



Derecho de la Competencia, Propiedad

Optimum Industrial y Comercio Exterior

2.2.1a solicitud colombiana 08 115666 objeto de la presente oposicion, se refiere a
compuestos de dialquilfenilo que son agonistas del receptor [beta] 2 adrenérgico y
antagonistas del receptor muscarinico. La solicitud se refiere también a
composiciones farmacéuticas que comprenden dichos compuestos, procesos y
productos intermedios para la preparacion de tales compuestos y métodos de
utilizacion de estos compuestos, por ejemplo, para el tratamiento de trastornos

pulmonares.

2.3.En primera instancia, se debe advertir que en algunos apartes del capitulo
reivindicatorio de la solicitud objeto de la presente oposicion, se hace referencia un
método terapéutico, no solo a la composicion farmacoldgica o a un método de
fabricacion mediante la cual se obtenga un producto tangible y segun la legislacion,
decision 486 de la Comunidad Andina de Naciones, Articulo 14.- “Los Paises
Miembros otorgardn patentes para las invenciones, sean de producto o de procedimiento
(...)", los usos no estan contemplados como patentables; y, Articulo 20.- “Ne serdn
patentables (...) d) los métodos terapéuticos o quirirgicos para el tratamiento humano o
animal, asi como los métodos de diagnéstico aplicados a los seres humanos o a animales”.

~

Solo seran patentables los productos o procedimientos. Por lo tanto a luz de la

o norma, dicha materia referente a un método terapéutico no seria patentable.
Vs S
e //'
e 2.4.Con base en el articulo 14 de la Decision 486 de la CAN que consagra: “Los paises

miembros otorgardn patentes para las invenciones, sean de producto o procedimiento, en
todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean
susceptibles de aplicacion industrial”, tenemos que las invenciones objeto de patente
deben ser nuevas y tener nivel inventivo. Bien, pues antes de la fecha de prioridad
de esta soliciud se encuentran los siguientes documentos que afectan la

patentabilidad de la presente solicitud:

\ 7™ Carrera 13 Ne 11995, O 104 Tel. (571)2 13 12 13 - 6 20 50 21 - Fax. {571) 6 12 19 79
\ 7 E-mail: negocios@optimum-cd.com - www.eptimum-co.com
- 'Bogota Colombia
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Derecho de la Competencia, Propiedad

Optimum Industrial y Comercio Exterior

e DI: US2004167167 publicada el 26 de agosto de 2004.

2.5. Ahora bien, el documento DI, se refiere a novedosos derivados bifenilo, que son
utiles para el tratamiento de trastornos pulmonares. La invencion se refiere
también a composiciones farmacéuticas que comprenden tales derivados bifenilo,
procesos y productos intermedios para la preparacion de dichos derivados bifenilo
y métodos derivados de su uso para tratar los trastornos pulmonares. El documento
D1 ademas revela en el parrafo 008 que los compuestos tienen actividad agonista

del receptor [beta] 2 adrenérgico y acrividad antagonista del receptor muscarinico.

2.6. Tomando el documento D1 como muestra del estado del arte anterior a la
solicitud objeto de la presente oposicién, no es posible reconocer altura inventiva,
ya que seria obvio para un experto en la materia con la aplicacién de unas pruebas
conocidas a partir de dicho documento D1 concebir compuestos de dialquilfenilo
que son agonistas del receptor [beta] 2 adrenérgico y antagonistas del receptor

muxérinico, composiciones farmacéuticas que comprenden dichos compuestos,

,/‘
’

/prouesos y productos intermedios para la preparacion de tales compuestos y
metodos de utilizacion de estos compuestos, por ejemplo, para el tratamiento de
,trastomos pulmonares. Asi entonces las reivindicaciones de la solicitud objeto de la

presente oposicion, carecen de altura inventiva.

2.7.En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la solicitud
colombiana 08 115666 no puede pretender un monopolio por patente toda vez
que lo que pretende no cumple con dos de los tres requisitos necesarios para su

proteccion.

\\2.8. QQue por consiguiente, respecto a la solicitud pretendida se tiene que:

. L
TCarrera 13 Ne 119:95, Of_104 Tel. (571) 2 131213-6205021 - Fax. (57161219 79
E-mail: negocios@optimum—c&com - Www,optimum-co.com

~ - -~ Bogota Colombia
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Derecho de la Competencia, Propiedad
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2.8.1. CARENCIA DE ALTURA INVENTIVA. Segin la Decision 486 de la

Comunidad Andina de Naciones, Articulo 18.- “Se considerard que una invencion
tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia
técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese derivado
de manera evidente del estado de la técnica.”. A la fecha de prioridad, 25 de abril de
2000, a partir del documento D1 mediante pruebas conocidas, puede llegar de
manera evidente a compuestos de dialquilfenilo que son agonistas del receptor
; [beta] 2 adrenépgico y antagonistas del receptor muscarinico, a composiciones
farmacéuticas que comprenden dichos compuestos, procesos y productos
intermedios para la preparacién de tales compuestos y métodos de utilizacién
de estos compuestos, por ejemplo, para el tratamiento de trastornos

pulmonares, sobre lo cual busca proteccion en el capitulo reivindicatorio.

2.8.2. CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de la CAN

consagra en su articulo 14 lo siguiente: “Los paises miembros otorgardn patentes
para las invenciones, sean de producto o procedimiento, en todos los campos de la
. tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de

. aplicacién industrial”. La presente solicitud carece de aplicacion Industrial ya que
Ve

~

ya p como se demostrd anteriormente, en el capitulo reivindicatorio se reclaman
& -/ .~ meétodos terapéuticos y estos no son aplicables industrialmente porque primero
| / no se obtiene un producto o proceso; y segundo esto no es reproducible o
repetible a escala industrial. Por lo tanto, el objeto de la presente solicitud
referido a un método terapéutico no cumple con el requisito de la aplicacién

industrial.

2.9. Dado lo anterior, es posible deducir que la solicitud y lo re;iviﬁdicado no es

\ \ objeto de patentabilidad pues es contrario a lo que dicta_la” Decision 486 de la

-
\ o e
\ ~-Carrera 13 Ne 11995, Of. 104 Tel.{571) 2 13 12.13= 6 20 50 21 - Fax. (571) 6 12 19 79

N © " E-mail: negocios@optimum-co.com - www.optiminn-co.com
- .- Bogoti Colombia



Derecho de la Competencia, Propiedad

Optlmum Industrial y Comercio Exterior

Comunidad Andina de Naciones, Articulo 14.- “Los Paises Miembros otorgardn
patentes para las invenciones, sean de producto o de procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacion
industrial.”. La solicitud pretendida no cumple con dos de los tres requisitos de

patentabilidad.

2.10. Por todo lo anterior, atentamente solicito a usted que se sirva declarar
| fundada la presente éposicién y en consecuencia negar el regiscro a la solicitud
de patente titulada “COMPUESTOS DE DIALQUILFENILO CON
ACTIVIDAD AGONISTA DEL RECEPTOR BETA2 ADRENERGICO Y
ANTAGONISTA DEL RECEPTOR MUSCARINICO”, cuyo titular es
THERAVANCE INC, solicitud Colombiana que aparecié publicada en la
Gaceta de la Propiedad Industrial N° 614 del 19 de marzo de 2010.

‘ 3. PRUEBAS
L
pd
/ ’ v
v - De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener
7 -
v como prueba en este asunto los siguientes:

’

e DI1: US2004167167 publicada el 26 de agosto de 2004.

\ . 4. FUNDAMENTO DE DERECHO |

\ N .

™ Garrera 13 Ne 11995, Of. 104 Tel-(571) 2 13 1213-6205021 - Fax. (5T1)6 1219 79
. " E-mail: negocios@optimum-c4.com - www.optimuni-co.com
S ..~ Bogot4 Colombia



Derecho de la Competencia, Propiedad

Optlm um Industrial y Comercio Exterior

Fundamento esta observacion en las normas legales siguientes:
4.1.  Numeral 1 del articulo 586 del Codigo de Comercio.
4.2.  Articulo 42 de la Decision 486 de la Comision del Acuerdo de Cartagena.
4,3,  En las demds normas concordantes.
e
5. ANEXOS
Para los efectos correspondientes anexo al presente escrito los siguientes documentos:
1. Poder para actuar en el presente. ’
. Documento que acredita al representante legzé PROCAPS S.A.

Recibo de caja del respectivo pago de tasa.

LR -G 'S R ('

. -Copias de los documentos:

-
s
s

. /’DI: US2004167167 publicada el 26 de agosto de 2004.

T~ Carrera 13 Ne 11995, Of. _le{Tel.-(STl)/Z /1‘3 12 13-~ 6205021 - Fax. (ST 6 1219 79
- Email: negocios@cptimum-co:€om - www.oprimum-co.com
.. - Bogota Colombia
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6. NOTIFICACIONES / '

Para efectos de notificaciones que por disposicion del articulo 50 del Decreto
0l de 1984 debe hacer su Despacho, informo que mi representada y la suscrita

recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en la Carrera 13 Ne 119.95, Of. 104 de esta ciudad de Bogora.

Senor Superintendente,

20 /

CIELO ANGELA PENA RODRIGUEZ
C.C. 51'940.252 de Bogota
T.P.A. 82701 del C.S. dela].

. e
"~ ~Carrera 13 N° 11995, Of. 104 Tel(571) 2 13 1213-6205021 - Fax. (571}6 12 19 79
i Efmail: negocios@optimum-coicom - www.optimum-¢o.com
-~Bogota Colombia
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PROCAPS

/ PODER ESPECIAL

Yo, WALTER TANARKA TATEKAWA, mayor de edad y vecino de la ciudad de
Barranquilla (Colombia). identificado como aparece al pie de mi firma, quien en el
presente documento acttia en calidad de Representante Legal de la sociedad PROV(PS
S.A. sociedad legalmente constituida y domiciliada-- en*la.,cmddd de Barr rranquilla
{Colombia), por el presente fdocumento otorgo B 1a clo'cthozla CIELO 'ANGELA. PENA
RODRIGUEZ, abogada £n ejercicio, 1dent1ﬁcadzx somo, apcuece alr ple‘de Sufir’ n;xa on
tarjeta profesional No. 82701 del C.S. dela J., poder e’*p&'bld} mnpho y quﬁmenre pdrrl
formular oposiciones u observaciones a la solicitud de patente No: 08 15666, tltulacla
“COMPUESTOS DE DIALQUILFENILO,CON ACTIVIDAD AGONISTA .DEL
RECEPTOR BETA2 ADRENERGIC (_ANTAGONISTA DEL RECEPTOR
MUSCARINICO”, cuyo titular es THE: VANCE INL., publlcacla en ]a gatcta No
614 del 19 de marzo de 2010. - SR

]
t

:.-n.'."‘a' ier.

1

Nuestro apoderado queda facultado. de manerd.&Xpresaparazrealizar todo:tipo de’ actos
necesarios para llevar a cabo el tramite de.la opomuén incluyendo, sin limitacién,
preparar y presentar solicitudes, hdcer dec]a;amoneq pagar tasas, contribuciones ¢
lmpuestos recabar los titulos & “certificados. Asimismo quedan autorizados para
impugnar administrativa todo lo ‘que fuere resuelto en el expediente a que se hace
expresa referencia en el presente poder, con t()das ld') facultddes generales y especificas
que fuera requerido pal a ella. ‘

v

De la misma manera, ademés-de'las tacultades que le confiere 1a naturaleza del presente
mandato, se encuentran facultados para recibir, desistir, transigir, sustituir, y reasumir
el presente poder, incoar acciones, interponer recursos y demas facultades conferidas
por la ley.

Dado y Firmado en Barranquilla {Colombia) a los 8 dias del mes de Junio de 2010.

C.C. N° 16'251.923
NIT: 890.106.527-5
Representante Legal

@y

Acepto:

Lo 2=

CIELO ANGELA PEHNA RODRIGUEZ
C.C. 51'940.252 de Bogota
T.P.A. 82701 del CS. dela J.

CALLE 80 No. 78B-201- A.A. 50330 P.B.X.:{575) 3530783 - 3789000 - 3719900 - 3507900 -. FAX:(575) 3730815 - 3730813 - 3730247 - 3730818
BARRANQUILLA - COLOMBIA - NIT.: 890.106.527-5



S\ NOTARIA TERCERA DEL CIRCLLO OF BARRANQUILLA
7 DILIGENCIADE RECONOQCIMIENTC
Ante el Notario Tercero de Barranquilla se presento:

b WALTER.  Taussud YATEEAVA

idenfificado com(C LG 54,93 PaAcMinn
Y declaro que ! contenido del anterior Dosumento es cierto

g ysuahfmamagelenta 11 JUN 201
* Bzarr:m&if::rmﬂ\/mRl . n
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Barranquilla, 11 de Junio de 2010 Hr:08:28:24
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**************************************** Pag 1

CAMARA DE COMERCTIO
CAMARA bt DE BARRANOQUTILTLA
oMERClO 04*********************************************

BARRANQUILLA

CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

PROCAPS S . A, — - m o s s s e e e e e e e e e e e e e m—m i — e — oo
NIT: 890.106.527-5. ' v

EL. SUSCRITO SECRETARIO DE LA CAMARA DE COMERéIO DE BARRANQUILLA, CON
FUNDAMENTO EN LAS INSCRIPCIONES DEL REGISTRO MERCANTIL:

CERTITFIGA

Que por Escritura Piblica No. 1,190 del 22 de Julio de 197s,
otorgada en,/la Notaria Tercera de Barranquilla, inscrito(as) en
esta Céamac de Comercio, el 28 .de Julio de 1976 bajo el No. 6,070
del libro Lespectivo, fye constltulda la socieddd----------c=--————-
limitada denominada PRODUCTORA DE CAPSULAS DE GELATINAS LIMITADA
"PROCAPS LIMI T ADA - - m - m e m e e e e e e e m— i m—

CERTIFTICA

Que por Escritura Pablica No. 1,307 del 28 de Junio de 1979,
otorgada en la Notarla /. Tercera- de Barranqullla inscrito(as) en
esta Camara _de Comer01o-f el 23 de&gublowdeV1979ﬁbajo el No. 10, 039

1, RYUAY O ity

del libro respectlvo “Ta 5001edad antes menc1onada ———————————————————— '

7 ; {0
se transformo en/15001edad anonlma )pago:”la’denomlnac1on social de

"PRODUCTORA DE CAPSULAS DE/GELATIN hsrgg;\PEO%A%SUS ALY e -
SO VM g /i

~ ,.»""'/ - -~ // ! }’ w .A‘-’ MRS CNAY

ERENe ERTIFIC-A

Que por Escritura Pﬁblica No. 3,810 del 31 de Dic/bre de 1980,
otorgada en la Notaria Primera de Barranquilla, inscrito(as) en

esta Camara de Comercio, el 30 de Enerc de 1981 bajo el No. 12, 705

del libro respectivo, la sociedad antes mencionada-------7-----------+-
se transformo en sociedad de responsabilidad limitada bajo al razon
social de "PRODUCTORA DE CAPSULAS DE GELATINA LIMITADA "PROCAPS LI -
MI T A DA L = = === = = = m = s e m e oo o e e oo

CERTIPFTICA

Que por Escritura Pablica No. 3,755 del 10 de Nov/bre de 1983,
otorgada en la Notaria Unica de Scledad, inscrito{(as) en esta
Camara de Comercio, el 22 de Nov/bre de 1983 bajo el No. 17,922 del
libro respectivo, la sociedad- antes mencionada----------------------- -
se transformo en sociedad anonima bajo 1la denominacion social de
"PRODUCTORA DE CAPSULAS DE GELATINA S.A. "PROCAPS S.A.",------------

C ERTIVFTIC A
Que por Escritura Pablica No. 3,615 del 06 de Dic/bre de 1996,

otorgada en la Notaria 2a. de Barranguilla, inscrito(as) en esta
Camara de Comercio, el 20 de Dic/bre de 1996 bajo el No. 67,218 del

kkkkkkhtkx O ONT I N U D **kkdkdhnhkk

1001 54505-C

€ ASSGHDASA. NIT 850 321.151-0



CERTIFICADCO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION'UE"
DOCUMENTOS .

PROCAPS S.A.r---------- JEJpppn———— R T ITrreee [ B
.NIT: B890.106.527-5. - , 2 e 08

libro respectivo, la sociedad antes mencionada------------------------
cambio de razon SOClal por la denomlna01on LABORATORIOS PROCAPS S.A

CERTIVFICA

Que por Escritura Pdblica No. 3,775 del .:18 de Dic/bre de 1996,
otorgada en. la Notaria =2a. de. Barranqu1lla, inscritio(as) en esta
Camara de Comercic, el 23 de Enero de 1997 bajo el No. 67,704 del
libro respectivo, la sociedad antes mencionada----=---~----==------~---
cambio")de razon social, por la denom1nac1on PROCAPS S.A. -—---------
s JEERT 5 AT
o c E R T IF I C A 3

Que dicha sociedad ha sido reformada por las siguientes escrituras
y/o documentos privados:;

Numero aaad/mm/dd ﬁfi Notarla No - Insc o Reg aaaa/mm/dd
39 1979/01/18 Notaria 3a. de Barranquilla. 9,452 1979/01/24

992 1981/04/30 Notaria la. de Barranquilla. 13,112 1981/05/06
1,464 1982/08/27 Notaria Unica de Soledad 15,533 1982/09/08
2,744:%-1983/08/18" Notaria .Unica de Soledad 47,416 1983/08/26
3,826 1984/07/16 Notaria’ Unica de Sdledad %19,554 1984/07/27
3,835 1985/08/26 Notarla Unlca de Soledad 22,230 1985/09/04
2,260 1986/09/10 NotaTZia-Unicda~de Soledad. 24,995 1986/09/15

1,849 1989/07/11 Néfarla 2a. de. 5arranqu1w1af\[-3 909 ., 1989/07/13
444 1990/02/21(7Nocar1a 2a./ dé-Ba¥ranqil Ny L 36,1022 1990/03/T6
73,090 1991/12/17//Notaria 2a< d& Ba rrénéﬁlai? <:43 993"  1992/01/28

269 1993/02/01‘~Notar1a/2a'/de ‘B a 48,428 1993/02/16
2,342 1993/07/28 _Notaria-Ja. de: BdnfEHqHEmW ﬂ%lfho 582  1993/08/10

3,652:%,1993/11/09-, Néférla,Za. de Barranquilla 51,798 1993/11/22
3,615 1996/12/06 Notaria-2a. de Bar#anquilla 677,218 1996/12/20
89 1997/01/16 Notaria 2a. de Barranquilla 67,704 1997/01/23
2,070 1997/07/17 Notaria 2a. de Barrangquilla 70,627 1997/07/31
2,281 1997/08/04 Notaria 2a. de Barranquilla 70,813 _ 1997/08/1§
765 19997/04/22 Notaria 3a. defBarranqullla' 80,628 1999/04 /23
459 2001/02/21 Notaria 2a. de Barranquilla 91,502° 2001/027/23
2,608 2001/10/05 Notaria 2a. de Barranquilla 95,771  2001/11/08

1,730 2004/07/29 Notaria 2. de Barranquilla 112,999 2004/08/26
416 2005/03/03: Notaria 2. de Barranquilla 116,364 2005/03/10
1,613 2005/07/28 Notaria. 2. de Barranquilla 119,322 2005/08/18

710 2009/05/05 Notaria 3 a. de Barranquilla 150,130 2009/06/30
1,054 2009/06/25 Notaria 3 a. de Barranquilla 150,130 2009/06/30

B s SV CERTAI,FICA -

ir i B AN S [

& L
Lt

Que de acuerdo con la(s) escritura(s) arriba citada(s), la sociedad
se rige por las siguientes disposiciones:

DENOMINACION O RAZON SQCIAL: _ ) -
PROCAPS S.A.----f--~-=--~-- e atatatal B et
SIGLA: PROCAPS. '

DOMICILIO PRINCIPAL: Barrangquilla.

NIT No: 890.106.527-5,

MATRICULA MERCANTIL: 24,802, 5 L W o)
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CERTTIVFTICA

Direccien para notlflcac1ones jud1c1ales
CL 80-No 78 B - 201.
De la ciudad de Barranguilla.

.CERTIFICA

DURACION: El término//ég’ duracién de la sociedad se fijé hasta el
18 de Agosto de 2073.

CERTIFTICA
OBJETO SOCIAL: E1 ob]eto pr1nc1pal de 1la sociedad sera: a) La
tabicacion, 1mportac1on g comerc1allzac1on de alimentos procesados

7 ®

Yy . suplementos dletarloS/‘ ‘b)La fabrxcac1on;vde\fcapsulas Y otros
productos 81m11aresf¢a’ partlr de-m teridles *falds” comd gelatinas. a
otros de 'distint& naturaleza /" édémfﬁdedank se;j\utlllzados como
envases o reC1p1ente§/:j}de \p oductost 'y-s dSFancias quimicas,

. o oo \fﬁé(” VW,f,,vn
farmaceuticas, al1ment1c1as cosmetlcasrwpara uso y consumo humano

y veterinario. c¢). LauinvestlgaC1on desarrollo y fabricacion.de toda
clase .- de productos ' sustancias quimicas, farmacéuticas,

alimenticias y cosmeticas para uso y consumc humano, animal vy
vegetal. d) La compra y venta de materias primas, insumos vy
productos intermedios necesarios para los procesos de. fabricacion,
de* sustancias quimicas;  farmaceuticas, alimen ticias y cosmeticas’

asi como la comercializacion interna y externa de los productos
terminados. e) La compra, venta, importacion, exportacion vy

distribucion de toda clase de elementos instrumentales y equipos
medicos,. quirurgicos, odontologicos vy .hospitalarios para la salud
humana:’ y animal. £f) La compra, venta, exportacion, fabricacion,
importacion, distribucion de dulces, confites, galletas y todo
tipo’ de golosinas o alimentos para el consumo humano. g) Actuar
como representante o agente de personas naturales y Jjuridicas,

nacionales Ty extranjeras en la realizacion de operaciones . o
transacciones relacionadas con la industria farmaceutica Yy en
especial con cualquiera de las actividades descritas en los
literales a), b)), ¢}, d) vy e) antes descritos. h) Prestar los
servicios de asesorias Yy consultoria en las areas administrativas,
de mercadeo, analisis «c¢linico, asistencia tecnica, investigacion,
costos Y produccion, exportaciones, importaciones, ventas,
relacionadas con iguales o similares actividades a las que

constituyen el objeto de PROCAPS S.A., asi como los de publicidad y

promocion de productos quimicos, alimenticios, cosmeticos vy

Y
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farmaceuticos para uso humano, animal o industrial. i) Adquirir,

operar, administrar y explotar, a cualquier titulo, empresa o
establec1m1entos = dedicados a la investigacion, desarrollo,
fabricacion o comercializacion de productos quimicos,
farmaceuticos, alimenticios, hospitalarios o cosmeticos.: En

desarrollo de su objeto principal, la sociedad podra tomar interes
secial como.raccionista; socio o- fundador - de empresas que tengan

1gual o] 51m11ar objeto comprar, vender, importar -y exportar
maqulnarias, insumos y repuestos requerldos para el desarrollo de
sus actividades; tomar dinero en prestamo, financiar y garantizar
las operaciocnes comerciales' que celebre con terceros relativas a su
objeto;™ celebrar y ejecutar todo.-tipo de éCtos y contratos
necesarios pard desarrollar sus operaciones: girar, aceptar,
otorgar y protestar todo tipo de titulos valores e instrumentos
negociables, comprar, vender vy constituir gravamenes sobre bienes

muebles e inmuebles, designar representantes apoderados en el pals
y-'en el exterlor Yin.en general “ realizar’cualquier acto o negocio
que sea necesario o convenlente para el desarrollo de su objeto
social y para la mejor proteccion de sus intereses corporativos o
la de sus socios. La sociedad podra garantizar el cumplimiento de
sus obligacionesé: adquiridas® por terceros o por .sus socios,.para lo
cual “"‘podra inclusive constituir gravamenes reales sobre sus bienes
de cualquier naturaleza;—-—j—: ——————————————————————————————————————

T

'l

_";, Vr. * g
S =T N
CAPITAL ///(a¢~ Nro&Acc\/nésﬂﬁn/%;\ / 3, valor Accidn
\ [t - S S AR AN .
Autorizado ( ] /////J:ifﬁ gyg%HJ“ :ﬁ1>g/

kkkkohkkhkhkk /************* ?r”ﬂ,ﬁ h*m***************
$ 2,000, 000 000// 2000/, 000 1,000

Suscrito . - - - PR =
$**********1 234 071 000 *************1 234 071 *****************1 000

Pagado
dhkkhk Akt hkkikh Akhkkkktkhhhhhk IS E R A S S L EEEESES N
S 1,229,071,000 1,229,071 1,000

o ~"CERTIFICA

iR

ADMINISTRACION: La direccion y administracion de la sociedad corres-
pondera a la Asamblea General de Accionistas, a la Junta Directiva,
al Presidente, al Vicepresidente y a un Gerente General Corresponde
a la-.Junta Directiva las. siquientes: funciones y atribuciones entre
otras: Autorizar cualquier acto o contrato cuya cuantia sea superior
al equivalente en pesos Colombianos a doscientos cincuenta mil dola-
res de los Estados Unidos de America (US$250.000), liquidados a la
tasa de cambio representativa del mercado: v1gente el -dia en que se
‘surta la ‘transacion. " Cuando sé " trate de’odperaciones en virtud'de
las cuales 1la sociedad garantice obligaciones de terceros o de los
socios, se requerira gque la operacion sea aprobada con el voto de
por lo:menos 2/3 partes de los 1ntegrantes de la Junta Directiva.

La sociedad tendra un Presidente quien ejercéra la representa-
cion legal de la sociedad vy tendra las siguientes atribu-
ciones entre otras: Ejecutar 1las decisiones de la Asamblea
General de Accionistas y de la Junta Directiva. Ejercer la Represen-
tacion Legal de 1la $Sociedad en todos los-‘actos y contratos que.se

khkkkkkkkhk C O N T I N U A *kkkrkhhhhk
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requieran para el desarrollo del objeto social, de conformidad con
lo previsto en 1las leyes y en los presentes estatutos. Constituir
apoderadoes judiciales y extrajudiciales, recibir notificaciones,

absolver interrogatorios ‘de- parte,  confesar obligaciones :‘de la

sociedad, transigir, disistir y allanar a la sociedad en cualquier
asunto judicial. Aprobar vy celebrar en nombre de la socieda todo
acto o contrato cuya cuantia sea 1igual o inferior al equivalente
en. pesos colombianos a doscientos cincuenta mil dolares de los

Estados Unidos de America (US$250.000), liquidados & 1la tasa de’

cambio representativa del mercado vigente el dia en que se surta
‘la transacion o celebracion del acto. Las demas funciones que le
correspondan como Representante Legal por disposicion de la ley,
de 'estos estatutos o de la,Junta Directiva. El Presidente tendra un
suplente, designado por la Junta Directiva, quien reemplazara al
Presidente en sus faltas temporales, absolutas o meramente acciden-
tales, con entidades‘ facultades\ y _sin que sea necesario para ello
acreditar la. ausencia .~

R RV Tt A RN LA

51dente de51gnado,/por “la Junta Dlrectlva,gqulenﬂtamblen ejercera la

répresentacion legal de 1la soc1ed§dr,pudrendoiejercerla conjunta o
separadamente con - el Pre51dente El’jﬁicepre51dente tendra las
siguentes facultadesw-entre—'otras Ejecutanwdentro”de su competencia
las decisiones de 1la- Asamblea GCeneral de Accionistas, de la Junta
Directiva y del: Presidente. Ejercer- la represehtacion legal de la
sociedad en todos los actos y contratos que se requieran para el
desarrollo del objeto social, de conformidad con lo previsto en las

leyes y en los presentes estatutos. Constituir apoderados judiciales

Y” ‘extrajud1c1a1es recibir notificaciones, absolver interrogatorios
de parte, confesar obligaciones de la soc1edad transigir, desistir
y allanar a la sociedad en cualquier asunto judicial. Aprobar vy
celebrar en nombre de la sociedad todo acto o contrato cuya cuantia
sea igual o inferior al equivalente en pesos colombianos a:ciento
cincuenta mil dolares de los Estados Unidos de America {US$150.000),
liquidados a 1la tasa de cambio representativa del mercado vigente
el dia en que se surta la aprobacion o celebracion del acto, siempre
que no se trate de enajenar bienes inmuebles o cualguier otro activo
fijo de 1l1la sociedad, inclusive -de naturaleza -muebles, acciones,
cuotas o© partes de interes inversiones y todo tipo de derechos
de 1la sociedad, o de constituir gravamenes sobre cualquiera de los
anteriores, facultades que radican exclusiva 'y privativamente en
cabeza del Presidente. Las demas funciones que le corresponda como
Representante legal por disposicion de la ley, de estos estatutos
o de la Junta Directiva. El Vicepresidente tendra (1) suplente,
designado por la Junra Directiva, quien lo reemplazara conjunta o
separadamente en sus faltas temporales, absolutas o meramente
accidentales, - con identicas facultades y sin que sea necesario para

‘del: pr1nc1pal /LaUSOC1edad,tendra un Vicepre-
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ello acreditar 1la ausencia del-principal. La sociedad tendra un (1)
Gerente General, , con su respectivo Suplente, designados por la Junta
Directiva. ELl Suplente reemplazara al “Gerente General, en susiyfaltas
temporales, absolutas o meramente dccidentales’,” qu1en junto con el
gerente general, 1llevaran la representacion legal de la sociedad,

con identicas facultades, pudiendolas ejercer conjunta o separada-
mente con el Presidente vy Vicepresidente, con identicas facultades
que el Gerente General vy sin que sea nece§ario para ello acredltar
la ausencia del titular. El Gerente General tendra las siguientes
facultades entre otras: Ejercer la representacion legal de la socie-
dad, en todos los actos y contratos que se requieran para el desa-
rrollo:’ del objeto social,.:de conformidad consilo previstohen las
leyes "y en losg” presentes estatutos Aprobar Yy cdelebrar en nombre de
la sociedad todo acto o contrato cuya cuantia sea igual o inferior
al equivalente en pesos Colombianos a Cincuenta Mil dolares de los
Estados Unldos de Amerlca (US$50.000) , lquldadOS - la tasa de
cambio representatlva “del mercado v1gentefe1 dia en quehse surta.; la
aprobacion o celebracion del acto, siempre que no se trate de enaje-
nar a cualquier titulo bienes inmuebles o cualquier otro activo fijo
de 1la sociedad, inclusive de naturaleza mueble, acciones, cuotas o
partes:=-de interés, inversiones y todg=tipo de defechos de la:socie-
dad ‘o- de constituir gravamenes sobre cualqu1era de las afiteriores
facultades que radican Lexclu51va y privativamente en cabeza del
Presidente. = ------—- @ T o oo o e e o

7 o LCAMARAD: .
V5 S P OMERCID

Que segun Acta, No. ,‘116 .[J” m993 correspondiente a
la Asamblea de Acc1onlstas/en Barranﬁﬁrﬂﬁ%@&\ }Lﬂ IsBciedad:

PROCAPS S.A. ——-53—-f:ffl—-7-———------;;——————-——;:—-—~—————~5> ——————
cuya - parte pertinente se*-inscribié“len esta Camara de Comercio, el
15 de Agosto de 1997 bajo el No. 70,838 del libro respectivo,
y segin Acta No. 127 del 22 de Marzo de 2000 correspondiente a
la Asamblea de A001onlstas en Barranquilla, de 1a soc1edad
PROCAPS S /A --------<2i--oooooo T T e . 2=
cuya parte pertinente se inscribié en esta Camara d Comerc1o “rel
29 de Mayo de 2000 bajo el No. 87,250 del libro respectivo, fueron
hechos los siguientes nombramlentos :

'-;) L § =

e

,-i:"‘ dz o
CLASE:. - JONTA DIRECTIVA z ik

Principales )

1. Minski Gontovnik Ruben . CC.**x**%xx7 463,982
=7+ 2. Minski Gontovnik-Meyer L A CC.**x*x**7 461, 324
- 3. Minski Gontovnik Jose o e CC.*******B 671, 834
Suplentes

1. :Minski erberblum Elliot . CC.**¥**xx72 219,541
2. Minski Deitel Daniel. L ST Rk kR RE Kk kAR Ak
3. Minski Sharon PA.*990,212,082, 805

CERTIVFICA

“4 R - ' e e ,—. . . -t ":"‘

n
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Que seglin Acta No. 116 del 27 de Junio de 1997 correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad: PROCAPS
S.A. cuya parte pertinente se inscribid en esta Camara de Comercio,

el 15.-de Agosto:-.de 1997 bajo el No. 70,838 del libro respectlvo,
fueron hechos los siguientes’ nombramientos :

Cargo/Nombre Identificacidn
Presidente.
Minski Gontovnik Ruben B L CC. *xkk*%x7, 463,982
Suplente del Presidente. L ’ o e
Minski Minski Abraham CC.***kk*xikx*kg02,575
Vicepresidente
Minski Gontovnik Meyer ' CC,***kx*+7 461,324
Suplenté.del vicepresidente .°. “ s = i
Minski Gontovnik Jose s FCC,*x*x*x*x%%g8, 671,834
~“iC~E R T I F
e ~
e L GAAR
Que seg(n Acta 7%

la Junta Dlrectlvaﬁ en Barranqullla‘/‘d' laféoéledad PROCAPS S.A.

cuya parte pertlnentef se /1nébr1blo ‘e! ta Camafa de Comercio, el
12 de Febrero de. _2001, “bajo el LNo“@w91“273Mdef%llbro respectivo,
fueron hechos los 31gu1entes nombramientos: o Ty
Cargo/Nombre L = i Vi Tdentificacidn
Gerente General.
- Uribe Ochoa Guillermc Luis CC.**x%x%x70, 073,754
- “CERTIFICA = i o

P
Que segln Acta No. 406 del 02 de Sep/bre de 2004 correspondiente a
la Junta Directiva en Barranquilla, de 1la sociedad: PROCAPS S.A.
cuya parte pertinente se inscribidé en esta Camara de Comercio, el
09 de.  Sep/bre de 2004 bajo el No:. 113,263 del-libro respectivo,
fueron hechos los siguientes nombramientos:

Cargo/Nombre Identificacién
Suplente del Gerente.

Tanaka Tatekawa Walter ¢ . - CC.***?**16,251,9?3

CERTIVFICA
£
Que segun Acta No. 124 del 29 de Marzo de 1999:-correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad: 'PROCAPS
S.A. cuya parte pertinente se inscribid en esta Camara de Comercio,
el 04 de Agosto de 1999 bajo el No. 82,226 del libro respectivo,
fueron hechos los siguientes nombramientos:

" Cargo/Nombre o 7 [ Identificacién - -

del Ol de Feb rer07 2001xCorrespond1ente a”

khkkkkkkkkk O O N T I N U A *skckdksshd
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Revisor Fiscal Ppal.
Vargas Pertuz_Ana Isabel. CC.*k*kxkk3n 696 645

P I
5

CERTIFICA

Que segin Acta No. 151 del 31 de Marzo de 2009 correspondiente a
la’ Asamblea:=de Accilonistas en Barranquilla, de la sociedad: PROCAPS
S+A. cuya ‘parte pertlnente se inscribié en . 'esta Camara.de Comercio,
el 30 de Julio de 2009 bajo el No. 151,129 del libro respectivo,
fueron hechos los siguientes nombramientos:

Cargo/Nombre ) _ Ident1f1cac1on
Suplente del Rev1sor Fiscal. L 4
Duarte Diaz David - T “ccC. ******73 115 965

CERTIVFICA
e ity e

‘Que por Escritura Pablica No. 2 784 del» 07 de ch/bre de 2007
otorgada en 1la Notaria 2 a. de Barranqullla cuya parte pertinente
se 1inscribi® en esta Camara de Comercio, el 20 de Dic/bre de 2007
bajo el No. 3,492 del libro respectivo,---~--------=--------------~----
Y las~~1nscrlpc1ones 3.492- 1~ 3.493, 33494, 3.495,4-3.496, 3.497, ----
3.498%5° 3.499%, 37500, 3. 501 3\502 3503, 3.504,*3.505, 3.506, -----
3.507, Consta que RUBEN- MINSKI GONTOVNIK, C.C. No. 7.463. 982, ------
obrando como Pre51dente<§1Representante Legal de la sociedad C.TI.
NATURMEGA S.A. que/obrando en\ su(@oﬁai01on”deﬁﬂre81dente y -----=< o
'Representante Legaqrﬁ’de la soc1edad‘PROCAPSAS”AFJEel pre81dente 7-—l
debidamente = facultado.s por lOvaEStatutOSJHSOCﬂaleS y por el Maximo
Organo Social, iotorga los/51gu1entes poderes -Qtorgar poder --------
general ampllo\\-wsuflclente aﬁios‘doctoresPUOSEEINA DEL CARMEN ----
MIELES . BUELVAS CC No-33. 138 497; a MARCELA CARVAJALINO PAGANO ——————
CC.No" 22 579. 748 "CRISTINA““VIOLI FRANCESCHINI CC.No.22.463" 716 con
las facultades que se transcriben a continuacion: a.- Para que -----
representen a la sociedad PROCAPS S.A, ante todo tipo de -----------
autoridades _administrativas y jurisdiccionales, en asuntos de ------
3-nat:uraleza‘ Civil, 1laboral, comercial, penal, aduanera, cambiaria,
tributaria, = policiva, administrativa y fiscal. b.- Contestar y -----
presentar demandas, requerimientos, recursos, pedir y aportar ------
pruebas, recibir, notificarse, ejercer la accion de tutela, --------
tramitar incidente de desacato, comparecer en los«procesos que -----
cursen contra -la sociedad,- allanarse. en nombre de la sociedad en
los asuntos que sean necesarios, transigir, desistir, sustituir,
renunciar y reasumir el poder. c.- La facultad expresa de ----------
conciliar, por tanto pueden llegar a acuerdos conciliatorios, ------

,transacc1ona1es, judiciales o extrajudiciales o extrajudiciales,
cualquiera ‘que sea Su cuantia,  para lo cual las apoderadas deben
aportar la autorizacion simple vy escrita del Representante legal

de la sociedad. d.- Podran presentar solicitudes de devolucion y/o
compensacion de‘jlmpuestos,*‘ventas Y -~rentas, re01b1r los pagos por
las devoluciones. 'y adelantar todo tramite o proceso administrativo
ante la DIAN, de tal forma que en ningun momento quede sin ---------
representacion legal de la sociedad. PODERES ESPECIALES: a.- Se ----
confiere poder especial amplio ¥y suf1c1ente a las personas que se
determinan ‘seguidamente; que conforman - grupo A y -B, para, para

Akkkkkkhkhkd O O N T I N U A **drhkkkhi*
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qae conjuntamente suscriban contratos de suministros de mercancias
y servicios con entidades oficiales, hasta la suma de OCHOCIENTOS

MIL DCLARES DE LOS ESTADOS UNIDOS DE AMERICA {(US800.000.00), -~----- }

liquidados a 1la tasa representativa -del mercado-vigente en-el dia
gque se realice la respectiva transaccion. Grupo A. WALTER NANAKA
TATEKAWA CC.No.16.251.923, CLAUDIA TANGARIFE CASTILLO -------------
CC.N0.41.660.293, CARMEN ALICIA FLOREZ CC.No.22.434.044, IVAN ------
VILLAREAL CAMACHO CC.N0.91.201.749%9, CARMEN ALICIA HERRERA ----------

DIAZGRANADOS = CC.No.22.377.540, DAVID ANTONIO CHARRIS GIRALDO ——-———~.

CC.No.19.341.274, RICARDO DORADO HURTADO CC.No.79.715.772, JATME
FORERO LLINAS CC.N0.19.300.593. b.- Se confiere poder especial -----
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7 ABSTRACT

This invention provides biphenyl derivatives of formula I:

(R
/\/(Ra)c
H OH
AT 1 i
® | T gt
N 0

RS
R’ OH

RS

wherein R, R% R%, R*, R®, R%, R7, W, a, b and ¢ ar¢
as defined in the specification, or a pharmaceutically
acceptable salt or solvate or stercoisomer thereof,
The bipheny! derivatives of this invention possess
both f, adrenergic receptor agonist and muscarinic
receptor antagonist activity and therefore, such
bipkenyl derivatives are useful for treating pulmo-
nary disorders, such as chronic obstruclive pulmo-
nary discase and asthma.
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BIPHENYL DERIVATIVES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/447,843, filed on Feb. 14, 2003;
and U.S. Provisional Application No. 60/467,035, filed on
May 1, 2003; the entire disclosures of which are incorpo-
rated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[6002]) 1. Field of the Invention

[0003] The present invention relates 1o novel biphenyl
derivatives that are useful for treating pulmonary disorders.
This invention also relates to pharmaceutical compositions
comprising such biphenyl derivatives, processes and inter-
mediates for preparing such biphenyl derivatives and meth-
ods of using such biphenyl derivatives 1o treat pulmonary
discrders.

[0004] 2. State of the Art

[0005] Pulmonary disorders, such as asthma and chronic
obstructive pulmonary disease (COPD), are commoanly
treated with bronchodilators. Ome class of bronchodilator in
widespread use consists of , adrenergic receptor (adreno-
ceptor) agonists, such as albuterol, formotero! and salme-
terol. These compounds are generally administered by inha-
lation. Another class of bronchodilator consists of
muscarinic receptor antagonists (anticholinergic com-
pounds), such as ipratropium and tiotropium. These com-
pounds are also typically administered by inhalation.

[0006] Pharmaceutical compositions containing both a §,
adrenergic rcceptor agonist and a muscarinic receplor
antagonist are also known in the art for use in treating
pulmonary disorders. For example, U.S. Pat. No. 6,433,027
discloses medicament compositions conlaining a muscarinic
receplor anlagonist, such as tiotropium bromide, and a f§,
adrenergic receplor agonist, such as formoterol fumarate.

[0007] Aithough compounds having either §, adrenergic
receptor agonist or muscarinic receplor antagonist activity
are known, no compound having both B, adrenergic receptor
agonist and muscarinic receptor antagonis! activity has been
previously disclosed. Compounds possessing both B, adr-
energic receptor agonist and muscarinic receptor antagonist
activily are highly desirable since such bifunctional com-
pounds would provide bronchodilation through 1wo inde-
pendent modes of action while having single molecule
pharmacokinetics.

SUMMARY OF THE INVENTION

[0008) The present invention provides novel biphenyl
derivatives that are useful for treating pulmonary disorders.
Among other properties, compounds of this inveation have
been found to possess both B, adrenergic receptor agonist
and muscarinic receptor antagonist aclivity.
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[000%]) Accordingly, in one of its composition aspects, the
present invention is direcied to a compound of formula [

®)—

A
H
(Rz)h T

(R¥

/\ OH

[0010] wherein:

{0011] ais O or an integer of from 1 to 3;

[0012] each R' is independently selected from
(1-4C)akkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3-6C)cycloalkyl,  cyano, halo, —OR'",
—C(0)OR®™, —SR*, —S(O)R™, S(0),R'* and
—NR'R'E,

[0013] eachof R*, R, R, R* R'*, R and R' is
independently hydrogen, (1-4C)alkyl ar phenyl-(1-
4C)alkyl;

[0014] b is O or an integer of from 1 t0 3;

{00157 each R? is independently selected from
(1-4C)alkyl,  (24Chalkenyl,  (2-4C)alkynyl,
(3-6C)cycloalkyl, cyano, halo, —OR™,
_Cg; JOR?*, —SR*, —S(0)R*, —S(0),R* and

[0016] each of R™, R?, R*, R*, R*, R* and R*8 is
independently hydrogen, (1-4C)alkyl or phenyl(1-
4C)alkyl;

[0017] W is attached to the 3- or 4-position with
respect to the nitrogen atom io the piperidine ring
and represents O or NW*;

[0018]) W" is hydrogen or (1-4Q)alkyl;

[0019] ¢ is O or an integer of from 1 to 4,

[0020] each R® is independently selected from
(1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3-6C)cycloalkyl,  cyano,  halo, —OR™,
—C(0)OR™, —SR**, —S{O)R*", —S(0).R** and

—NR¥R%; or two R® groups are joined 1o form
(1-3Q)akkylene, (2- 3C)a]]\cny]cne or oxiran-2,3-
diyl;

[0021]) each of R, R®® R, R, R®, R and R* is
independently hydrogen or (1-4C)alkyl;

[0022] R‘is a divalent group of the formula:

(R (AN R¥)-Q-(R™ ) (A7) RY) —

[0023] wherein

[0024] d, e, f, g, h and i are each independently
selected from 0 and 1;

{00251 R*,R*’, R* and R™ are each independently
selected from (1-10C)alkylene, (2-10C)alkenylene

.and (2-10C)alkynylene, wherein ¢ach alkylene, alk-
enylene or alkynylene group is unsubstituted or
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substituted with from 1 to 5 subsliluents indepen-
dently selected from (1-4C)alkyl, fluoro, hydroxy,
phenyl and phenyl-(1-4C)alkyl;

[0026] A’ and A® are each independently selected
from (3-7C)cycloalkylene, (6-10C)arylene, —O-(6-
10C)aryiene,  (6-10C)arylene-0—,  (2-9C)het-
eroarylene, —O-(2-9C)heteroarylene, (2-9C)het-
eroarylene-O— and (3-6C)heterocyclene, wherein
each cycloalkylene is unsubstituted or substituted
with from 1 to 4 subslitutents selected independently
from (1-4C)alkyl, and each arylene, heteroarylene or
heterocyclene group is uosubstituted or substituted
with from | to 4 substituents independently selected
from hale, (1-4Q)akkyl, (1-4Clalkoxy, —S-(1-
4C)alkyl, —S(0)-(1-4C)alkyl, —S{0),-(1-4C)alkyl,
—C(0)0(1-4C)akkyl, carboxy, cyano, hydroxy,
nitro, trifluoromethyl and trifluoromethoxy;

[0027] Q is selected from a bopd, —O—,
—C(0)0—, —0C0)—, —S— -—S0)—,
—$(0);—,  —N(Q)C(0)—, —C(OIN(Q"),,
NSO —S(OLN@QY,  —N(Q"
)C(OIN(Q')-, _ —N(Q¥S(0).N(Q")-,
—OC(CIN(QY)-, —N(Q)C(0)0— and —N(QY);

[0028] Q% Q% Q% Q% Q% QY Q5% Q" Q, Q and Q*
are each independently selected from hydrogen,
(1-6C)alkyl, A’ and (1-4Clalkylene-A*, wherein the
alky! group is unsubstituted or substituted with from
I to 3 substituents independently selected from
fluoro, hydroxy and (1-4C)alkoxy; or tagether with
the nilrogen atom and the group R* or R* 10 which
they are attached, form a 4-6 membered azacy-
cloalkylene group;

{0029] A’ and A* are each independently selected
from (3-6C)eycloalkyl, (6-10C)ary}, (2-9C)het-
eroaryl and {3-6C}heterocyclyl, whercin each
cycloalkyl is unsubstituted or substituted with from
1 w0 4 substitutents sclected independently from
(1-4C)alkyl and each aryl, heteroaryl or heterocyclyl
group is unsubstituted or substituted with from 1 to
4 substituents independently selected from halo,
(1-4C)alkyl and (1-4C)alkoxy;

[0030] provided that the number of coatiguous atoms
in the shortest chain between the two nitrogen atoms
to which R* is attached is in the range of from 4 ta
16;

[0031] R® represents hydrogen or (1-4C)alkyl;

[0032] R®is —NRS* CR®*(0) or —CR R OR® and
R’ is hydrogen; or R® and R’ together form
—NR™C(0y~CR™*=CR™*—, —CR™=CR™—

C(0)—NR"'—, —NR5C(0)—CR™R"—
CR”R™— or —CR™, R™ —CR™R™—C(0)—
NRP—;

[0033] each of R, R®®, R%, R™ and R is indepen-
deatly hydrogen or (1-4C)alkyl; and

[0034] eachof R™, R™, R, R™, R R™ R™ R"j,
RY, R™ R™ R™ R™ R™andR7is independently
hydrogen or (1-4C)alkyl;

[0035] or a pharmaceutically acceptable salt or sol-
vate or sterecisomer thereof.
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[0036] In another of its composition aspects, this invention
is directed to a compound of formula II:

H
N W
T o
. H
0 I\\R(N

OH

NH

[0037] wherein

[0038] R*is as defined herein (including any specific
or preferred embodiments);

[0039] W represents O or NH;

(0040] or a pharmaceutically acceptable salt or sol-
vale or stereoisomer thereof.

{0041} In yet another of its composition aspects, this
invention is directed to a compound of formula I1I:

il

OH

[0042] wherein

[0043] R*is as defined herein (including any specific
or preferred embodiments);

[0044] W represents O or NH;

[0045] or a pharmaceuticaily acceptabie salt or sol-
vate or stercoisomer thereof.

zO
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[0046] In still another of its composition aspects, this
invention is directed to a compound of formula IV:

H
N W
\[r o
H
0 N g

OH

OH

[0647] wherein

[0048] R*is as defined herein (including any specific
or preferred embodiments);

[0049] W represents O or NH;

[0050] or a pharmaceutically acceptable salt or sol-
vate or stereoisomer thereof.

[6051] In another of its composition aspects, this invention
is directed to a pharmaceutical composition comprising a
pharmaceutically acceptable camrier and a therapeuiically
effective amount of a compound of formula I or a pharma-
ceutically accepiable salt or solvate or stereoisomer thereof.
Such pharmaceutical compositions may optionally contain
other therapeutic agents. Accordingly, in one embodiment,
this invention is directed to such a pharmaceutical compo-
sition wherein the composition further comprises a thera-
peutically effective amount of a steroidal anti-inflammatory
agent, such as a corticosteroid.

[0052] Compounds of this invention possess both 8, adr-
cnergic receptor agonist activity and muscarinic receptor
antagonist activity. Accordingly, the compounds of formula
I are useful for treating pulmonary disorders, such as asthma
and chronic obstructive pulmonary disease.

[0053] Accordingly, in one of its method aspecls, this
invention is directed to a method for treating a pulmonary
disorder, the method comprising administering to a patient
in need of treatment a therapeutically effective amount of a
compound of formula I or a pharmaceutically acceptable salt
or solvate or slereoisomer thereof.

[0054] Additionally, in another of its method aspects, this
invention 1s directed to a method of providing bronchodi-
lation in a patient, the method comprising administering to
a patient requiring bronchodilation a therapeutically effec-
tive amount of a compound of formula I or a pharmaceuti-
cally acceptable salt or solvate or stereoisomer thereof.

{0055] This invention is also direcied to a method of
treating chronic obstructive pulmonary disease or asthma,
the method comprising administering (o 2 patient in need of
treaiment a therapeutically effective amount of a compound
of formula I or a pharmaceutically acceptable sall or solvate
ar stereoisomer thereof.
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[0056] Since compounds of this invention possess both {3,
adrenergic receptor agonist aclivity and muscarinic receptor
antagonist activity, such compounds are also useful as
research tools. Accordingly, in yet another of ils method
aspects, this invention is directed to a method for using a
compound of formula I or a pharmaceutically acceptable salt
or solvate or stereoisomer thereof as a research tool for
studying a biological system or sample, or for discovering
new chemical compounds having both fi, adrenergic agonist
activity and muscarinic receptor antagonist activity.

[0057] This invention is also directed to processes and
novel intermediates useful for preparing compounds of
formula I or a pharmaceutically acceptable salt or solvate or
stercoisomer thereof. Accordingly, in another of its method
aspects, this invention is directed to a process of preparing
a compound of formula 1, the process comprising:

[0058] (a) reacting a compound of formula 1 or a sall
thereof, with a compound of formula 2;

[0059] (b) reacting a compound of formula 3 or a salt
thereof, with a compound of formula 4;

[0060] (c) coupling a compound of formula 5 with a
compound of formula 6,

[0061) (d) for 2 compound of formula I wherein R®
represents a hydrogen atom, reacting a compound of
formula 3 with a compound of formula 7 or a hydrate
thereof, in the presence of a reducing agent;

[0062] (¢) reacting a compound of formula 1 with a
compound of formula 8 or a hydrate thereof, in the
presence of a reducing agent;

[0063] (f) reacting a compound of formula 9, wilh a
compound of formula 10; or

[0064] (g) reacting a compound of formula 11 or a
hydrate thereof, with a compound of formula 10, in
the presence of a reducing agent;

[0065] and then removing any protecting groups 1o
form a compound of formula I; wherein the com-
pounds of formula 1-11 are as defined therein.

[0066] In one embodiment, the above process further
comprises the step of forming a pharmaceutically acceptable
salt of a compound of formula 1. In other embodiments, this
Invention is directed to the other processes described herein,;
and to the product prepared by any of the processes
described herein.

[0067] This invention is also directed to a compound of
formula I or a pharmaceutically acceptable salt or solvate or
stereoisomer thereof, for use in therapy or as a medicament.

[0068] Additionelly, this invention is directed 1o the use of
a compound of formula I or a pharmaceutically acceptable
salt or soivate or stereoisomer thereof, for the manufacture
of a medicament; especially for the manufacture of a medi-
cament for the treatment of 2 pulmonary disorder.

DETAILED DESCRIPTION OF THE
INVENTION

[0069] In one of its composition aspects, this invention is
directed to novel biphenyl derivatives of formula I or
pharmaceutically acceptable salts or solvates or stereoiso-
mers thereof. These compounds contain one or more chiral
cenlters and therefore, this invention is directed to racemic
mixtures; pure stereoisomers (i.¢., enantiomers or diastere-
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omers); stereoisomer-enriched mixtures and the like unless
otherwise indicated. When a particular sterecisomer is
shown or named herein, it will be understood by those
skilled in the art that minor amounts of other stereoisomers
may be present in the compositions of this invention unless
otherwise indicated, provided that the utility of the compo-
sition as a whole is not eliminated by the presence of such
other isomers.

[0070] In particular, compounds of formula I contain a
chiral center at the carbon atom indicated by the symbol *
in the following formula:

[06071] In one embodiment of this invention, the carbon
atom identified by the symbol * has the (R) configuration. In
this embodiment, it is preferred for compounds of formula
[ to have the (R) configuration at the carbon atom identified
by the symbol * or to be enriched in a slereoisomeric form
having the (R) configuration at this carbon atom. [n another
embodiment of this invention, the carbon atom identified by
the symbol * has the (S) configuration. In this embodiment,
it is preferred for compounds of formula I 1o have the (S)
configuration at the carbon atom identified by the symbol *
or to be enriched in a stereoisomeric form having the (S)
configuration at this carbon atom. In some cases, in order to
optimize the B, adrenergic agonist activity of the compounds
of this invention, it is preferred that the carbon atom
identified by the symbol * has the (R) configuration.

[0072] The compounds of formula 1 also contain several
basic groups (e.g., amino groups) and therefore, the com-
pounds of formula I can exist as the free base or in various
sall forms. All such salt forms are included within the scope
of this invention. Furthermore, solvates of compounds of
formula 1 or salts thereof are included within the scope of
this invention.

[0073] Additionally, where applicable, all cis-trans or E/Z
isomers (geometric isomers), tautomeric forms and topoi-
someric forms of the compounds of formula 1 are included
within the scope of this invention unless otherwise specified.

[6074] The nomenclature used herein 10 name the com-
pounds of this invention and intermediates thereof has
generally been derived using the commercially-available
AutoNom software (MDL, San Leandro, Calif.). Typically,
compounds of formula I wherein W is O have been named
as ester derivatives of biphenyl-2-ylcarbamic acid; and
compounds of formula I wherein W is NW? have been
named as urea derivatives.

[0075] Representative Embodiments

[0076] The following substituents and values are intended
to provide representative examples of various aspects and
embodiments of this invention. These representative values
are intended to further define and illustrate such aspects and
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embodiments and are not intended 10 exclude other embodi-
meats or lo limit the scope of this invention. In this regard,
the representation that a particular value or substituent is
preferred is not intended in any way to exclude other values
or substituents from this invention unless specifically indi-
cated.

[06077] In particular embodiments of the compounds of
formula 1, a and b are independently 0, 1 or 2; including 0
or 1. In one embodiment, both a and b are 0.

[0078] When present, each R' may be at the 2,3, 4, 5 or
6-position of the phenyl ring to which it is attached. In one
embodiment, each R is indepeadently sclected from
(1-4C)alkyl, halo, —OR*? and —NRYR; such as methyl,
fluoro, chloro, bromo, hydroxy, methoxy, amino, methy-
lamino, dimethylamino and the like. Particular values for R*
are fluoro or chloro.

[0079] When presenl, each R¥ may be al the 3, 4, 5 or
6-position on the phenylene ring to which it is attached
(where the carbon atom on the phenylene ring attached to the
nitrogen atom is position 1). In one embodiment, each R is
independently selected from (1-4C)alkyl, halo, —OR* and
—NR*R; such as methyl, fluoro, chloro, bromo, hydroxy,
methoxy, amino, methylamino, dimethylamino and the like.
Particular values for R* are fluoro ar chloro.

[0080] EachR'*,R'™ R'¢ R R'¢ R'and R** R, R,
R™, R*®, R*f and R aa used in R* and R, respectively, is
independently hydrogen, (1-4C)alkyl or phenyl-(1-4C)alkyl,
such as hydrogen, methyl, ethyl, n-propyl, isoprapyl, n-bu-
tyl, sec-butyl, isobutyl, tert-butyl or benzy!. In one embodi-
ment, these groups are independently hydrogen or
(1-3C)alkyl. In another embodiment, these groups are inde-
pendently hydrogen, methyl or ethyl.

[0081] In cne embodiment of this inveation, W is O. In
another embodiment, W is NW*®.

[0082] Generally, it has been found that compounds in
which W represents O exhibit pasticularly high affinity for
muscarinic and B, adrenergic receplors. Accordingly, in a
particular embodiment of this invention, W preferably rep-
resents 0.

[0083] When referring to W, particular mention may be
made of compounds wherein W is attached to the piperidine
ring at the 4-position with respect to the nitrogen atom of the
piperidine ring.

[0084] When W is NW®, W* is hydrogen or (1-4C)alkyl;
such as hydrogen, methyl, ethyl, n-propyl, isopropyl, n-bu-
1yl, sec-butyl, isobutyl and teri-bulyl. In one embodiment,
W is hydrogen or (1-3C)alkyl. In another embodiment, W*
is hydrogen, methyl or ethyl; such as hydrogen or methyl. In
yel another embodiment, W* is hydrogen and NW? is NH.

[0085] In a particular embodiment of the compounds of
formulal, cis 0, 1 or 2; including O or 1. In one embodiment,
cis 0,

[0086] In one embodiment, each R® is at the 3, 4 or
5-position on the piperidine ring (where the nitrogen atom of
the piperidine ring is position 1). ln another embodiment, R*
is al 4-position on the piperidine ring. In a particular aspect
of these embodiments, each R® is independently selected
from (1-4Calkyl; such as methyl, ethyl, n-propyl, isopropyl,

[abr®
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n-butyl, sec-butyl, isobutyl and tert-butyl. In anciher aspect,
each R? is independently methyl or ethyl.

[0087] In another cmbodiment, R? is at the 1-position of
the piperidine ring, i.¢., on the nitrogen atom of the piperi-
dine ring thus forming a quaternary amige salt. In a particu-
lar aspect of this embodiment, each R3 is independently
selected from (1-4C)alkyl; such as methyl, ethyl, a-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl and tert-butyl. In
another aspect, each R? is independently methyl or ethyl.

[0088] In yet another embodiment, two R groups are
joined 10 form 2 (1-3C)alkylene or (2-3C)alkenylene group.
For example, two R? groups at the 2 and 6-positions on the
piperidine ring can be joined to form an ethylene bridge (ic.,
the piperidine ring and the R* groups form an 8-azabicyclo
[3.2.1]octane ring); or two R? groups at the 1 and 4-positions
on the piperidine ring can be joined 1o form an ethylene
bridge (i.e., the piperidine ring and the R* groups form an
1-azabicyclo[2.2.2]octane ring). In this embodiment, other
R’ groups as defined herein may also be present.

{0089] In siill another embodiment, two R* groups are
joined to form a oxiran-2,3-diyl group. For example, two R?
groups at the 2 and 6-positicns on the piperidine ring can be
joined 10 form a 3-oxatricyclo[3.3.1.0°*Jnonane ring). In
this embodiment, other R® groups as defined herein may also
be present.

(0090} Each R*, R®, R*%, R*, R*, R*f and R as used
in R* is independently hydrogen or (1-4C)alkyl; such as
hydrogen, methvl, ethyl, n-propyl, isopropyl, n-butyl, sec-
butyl, isobutv! and tert-butyl. In one embodimeni, these
groups are independently hydrogen or (1-3C)alkyl. In
another embodiment, these groups are independently hydro-
gen, methyl or ethyl.

[0091] Inone embodiment of the compounds of formula |,
R?® is hydrogen or (1-4C)alkyl; such as hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl and
tert-butyl. In another embodiment, each R® is independently
hydrogen, methyl or ethyl. In a particular embodiment, R® is
hydrogen.

[0092] Inone embodiment of this invention, R® is —NR%
CR®(0) and R’ is hydrogen, where cach of R% and R% is
independently hydrogen or (1-4C)alkyl, such as hydrogen,
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobu-
tyl and tert-buiyl. In one embodiment, these groups are
independently hydrogen or (1-3C)alkyl. [n another embodi-
ment, these groups are independently hydrogen, methyl or
ethyl. A particular value for R® in this embodiment is
—NHCHO.

[0093] 1n another embodiment, R® and R7 together form
_NR7nc(0)_CR7b=CR7c_’ _CR'Id:CR'Ie__C(O)_
NR”—,  —NRSC(O}—CR™R™—CR"R™— o
—CR"R"™—CR"™R™—C(0)—NRP—; where cach of
R7a, R7b, R7c, R’d, R7:’ R7f, R'Ig, R7h, R7i, R’lj’ R7k, R'il, R'Im,
R", R, and R is independently hydrogen or (1-4C)alkyl,
such as hydrogen, methyi, ethyl, n-propyl, isopropyl, n-bu-
tyl, sec-butyl, isobutyl and tert-butyl. In one embodiment,
these groups are independently hydrogen or (1-3C)alkyl. In
another embodiment, these groups are independently hydro-
gen, methyl or ethyl. Particular values for R® and R” in this
embodiment are R® and R 1ogether form —NHC(O)—
CH=CH—, —CH=CH—C(0)—NH—, —CH,—CH.—
C(ONH— or —NHC(0)—CH,—CH,—; including where
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R® and R7 together form —NHC(0)—CH=CH— or
—CH=CH—C(0}—NH—; and in particular, where R% and
R” together form —NHC(0)—CH=CH— (ie., the nitro-
gen atom is attached at R® and the carbon atom is attached
at R” to form, together with the hydroxyphenyl ring to which
RS and R7 are attached, a 8-hydroxy-2-oxo-1,2-dihydro-
quirolin-5-y1 group).

[0094) In the compounds of formula I, R* is a divalent
group of the formula:

R (A R*)rg. 0 Vg (AR <) —

[0095] wherein R, A, R*, Q, R*, A%, R*, d, ¢, f,
g b and i are as defined herein. [n the compound of
this invention, the values of each of the components
R%, AL, R*, Q, R*, A® and R* are selected such
that the number of contiguous atoms in the shortest
chain between the two nitrogen atoms o which R* is
attached is in the range of from 4 to 16, (specifically,
4,5,6,7,8,9,10, 11,12,13, 14, 15 or 16); including
8,9,10, 11,12, 13 or 14; such as 8, 9, 10 or 11; or
9 or 10. When selecting values for each variable in
R", it will be appreciated by those skilled in the art
that values should be selected such that a chemically
stable group is formed.

[0096] When determining the number of contiguous aloms
in the shortest chain between the two nitrogen atoms 1o
which R* is attached, each contiguous atom of the chain is
counted consecutively slarting from the first atom in the R*
group adjacent (o the nitrogen of the piperidine ring ending
with the last atom in (he R* group adjacent (o the nitrogen
of the aminohydroxyethyl group. Where 1wo or more chains
are possible, the shortesl chain is used 1o determine the
number of contiguous atoms. As shown below, for example,
when R* is —(CH,),—NHC{0)—CH,— (phen-1,4-ylene)-
CH,—, there are 10 contiguous atoms 1n the shortest chain
counted consecutively starting from the first atom in the R*
group adjacent 1o the nitrogen of the piperidine ring ending
with the last atom in the R* group adjacent to the nitrogen
of the aminohydroxyethyl group as shown below:

TZ

[0097] In one embodiment of R, R* is selecled from
(1-10C)alkylere, (2-10C)alkenylene and (2-10C)alkynylene
wherein the alkylene group is unsubstituted or substituted
with 1 or 2 substituents independenily selected from
(1-4C)alkyl, hydroxy and phenyl. Representative examples
of particuiar values for R** are —(CH.),—, —(CH.)s—,
—(CHy)—, —{CH)s—, —(CHs— —(CH.),—,
—(CHy)g—, —(CHy)—, —(CHz)yo—
—(CH,)CH(CH —, —{CH_)((CH,),—, and
—(CH,),C(phenyl),-. In another aspect, R* is
—(CH,)C(=CH,)—.

[0098] 1n one embodiment, d is 1.

[0099] In one embodiment, A’ is an optionally substituted
(3-7C)cycloalkviene group; including a cyclohexylene

=
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group, such as cyclohex-1,4-ylene and cyclohex-1,3-ylene;
and a cyclopentylenc group, such as cyclopent-1,3-ylene.

[0100] In another embediment, A" is an optionally subsli-
tuted (6-10C)arylene group, including 2 phenylene group,
such as phen-1,4-ylene, phen-1,3-ylene and phen-1,2-ylene;
and a naphthylene group, such as naphth-1,4-ylene and
napth-1,5-ylene.

(0161] 1In yet another embodiment, A' is an optionally
substituted  (2-9C)heteroarylene  group, including a
pyridylene group, such as pyrid-1,4-yleae; a furylene group,
such as fur-2,5-ylene and fur-2,4-ylene; a thienylene group,
such as thien-2,5-ylene and thien-2,4-ylene; and a pyrro-
lylene, such as pyrrol-2,5-ylene and pyrmol-2,4-ylene.

[0102] In still another embodiment, A* is an optionally
substituted (3-6C)heterocyclene group, including a pipenidi-
nylene group, such as piperidin-1,4-ylene; and a pyrrolidi-
nylene group, such as pyrrolidin-2,5-ylene.

[0103] In a particular embodiment, A is an optionally
substituted phenylene, thienylene, cyclopentylene, cyclo-
hexylene or pipendinylene.

[6104] 1n onc embodiment, ¢ is 0.

(0105} 1In a particular embodiment, R* is (1-5C)alkylene.
Representative examples of particular values for R*® are
—CH,—,  —{CH)—, —(CH),—, —(CH)—,
—(CH,);—; including methylere, cthviene and propylene.

[0106] 1n one embodiment, f is 0.

[0107] In a pasticular embodiment, Q is selected from a
bond, —N(Q*)C(0)—, —C(OIN(Q®), —N(Q)S(0),—,
—S(OLN(@QY)-,  —NO)(OINEQ), —OC(O)N(QY)-,
—N(Q)(0Y0— or —N(QY); such as where Q is a bond,
—N(Q*)C(0)y— or —C(O)N(Q®)-. Representative examples
of particular values for Q are a bond, O, NH, —C(O)NH—,
—C(O)N(CHz)—, —NHC(0)}—,  —N(CH,)C(0)}—,
—5(0),NH—, —S(0).N(CH,)—, —NHS(0),—,
—N(CH,)$(0),— and —NHC(O)NH—. Another example
of a value for Q, together wilh R*, is —C(O)(piperidin-1,
4-vlene).

[0108] Iuoone embodiment, Q*, Q°, Q% Q% Q°, QF, Q&, Q",
Q', @ and Q¥ are each independentiy selected from hydro-
gen and (1-6C)alkyl, wherein the alkyl group is unsubsti-
tuted or substituted with from 1 1o 3 substitueats indepen-
dently selecied from fluoro, hydroxy and (1-4C)alkoxy. For
example, Q°, Q°, Q% Q% Q¢, QF, Q8, Q% Q, ¢ and Q" are
each independently selected from hydrogen, and
(1-3C)alkyl, including hydrogen, methyl, ethyl, n-propyl
and isopropyl. An example of a value for each of Q*, Q°, Q°,
Q% Q5 Q', Q& Q" Q', Q¥ and Q* is hydrogen.

[0109] In another embodiment, Q°, Q°, Q%, Q¢, Q°, Qf, Q8,
QF, @', @/ and QF together with the nitrogen atom and the
group R™ or R* to which they are attached, form a 4-6
membered azacycloalkylene group. For example, Q* and Q°
together with the nitrogen atom and the group R*” or R* 10
which they are attached, form a piperidin-4-ylene group. By
way of illustration, when Q represents —N(Q*)C(O)— and
Q* together with the nitrogen atem and the group R* to
which it is attached, forms a piperidin-4-ylene group, R* is
a group of formula:
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—(R*')d—(A')eCN—C(O)—(R‘fJE—(A’)..—(R“‘)l—-

[0110] Similarly, when Q represeats —C(O)N(Q®)- and
Q together with the nitrogen atom and the group R* to
which it is attached, forms a piperidin-4-ylene group, R* is
a group of formula:

— (&) (AD—R ") —C(O)—NO—M.—(RN),—.

[0111] In a particular embodiment, R** is (1-5C)alkylene.
Representative examples of particular values for R* are
—CH,—,  —CHy),—, —CH)s— —(CH;),—,
—(CH,)s—; including methylene, ethylene and propylene.

[0112] Inone embodiment, A is an optionally substituted
(3-7C)cycloalkylene group; including a cyclohexylene
group, such as cyclohex-1,4-vlene and cyclohex-1,3-ylene;
and a cyclopentylene group, such as cyclopent-1,3-ylene.

[0113] In another embodiment, A® is an optionally substi-
tuted (6-10C)arylene group, including a phenylene group,
such as phen-1,4-ylene, phen-1,3-ylene and phen-1,2-ylene;
and a naphthylene group, such as naphth-1,4-ylenc and
napth-1,5-ylene.

[0114] In yet another embodiment, A® is an optionally
substituted  (2-9C)heteroarvlene group, including a
pyridylene group, such as pyrid-1,4-ylene; a furylene group,
such as fur-2,5-ylene and fur-2,4-ylene; a thienylene group,
such as thien-2,5-ylene and thien-2,4-ylene; and a pyrro-
lylene, such as pyrrol-2,5-ylere and pyrrol-2,4-ylene.

[0115] In stilt another embodiment, A is an optionally
substituted (3-6C)heterocyclene group, including a piperidi-
nylene group, such as piperidin-1,4-ylene; and a pyrrolidi-
nylene group, such as pyrrolidin-2,5-ylene.

[0116] In a particular embodiment, A® is optianally sub-
stituted phenylene, thienylene, cyclopentylene, cvclohexy-
lene or piperidinyiene.

[0117] By way of illusteation, cither A" or A” or both can
be phenylene, such as phen-1,4-ylene or phen-1,3-ylene,
where the phenylene group is unsubstituted or substituted
with from 1 to 4 substituents independently selecled from
halo, (1-4C)alkyl, (1-4C)alkoxy, —S-(1-4C)alkyl, —§(0)-
(1-4C)alkyl, —S(0),-(1-4C)alkyl, —C(0)O(1-4Calkyl,
carboxy, cyano, hydroxy, nitro, triflupromethyl and trifluo-
romethoxy. Representative examples include phen-1,3-
ylene, phen-14-ylene, 4-chlorophen-1,3-ylene, 6-chlo-
rophen-1,3-ylene, 4-methylphen-1,3-ylene, 2-flucrophen-1,
4-ylene, 2-chlorophen-1,4-ylene, 2-bromophen-1,4-ylene,
2-iodophen-1,4-ylene, 2-methylphen-1,4-ylene, 2-methox-
yphen-1,4-ylene, 2-trifluoromethoxyphen-1,4-ylene, 3-ni-
trophen-1,4-ylene,  3-chlorophen-1,4-ylene,  2,5-difluo-
rophen-14-ylene, 2,6-dichlorophen-1,4-ylene, 2.6-
diicdophen-1,4-ylene,  2-chloro-6-methylphen-1,4-vlene,
2-chloro-5-methoxypheo-1,4-ylene, 23,5,6-tetrafluo-
rophen-1 4-ylene.
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[0118] Alternatively, A or A or both can be cyclopenty-
lene or cyclohexylene; wherein the cyclopentylene or cyclo-
hexylene group is unsubstituted or substituted with
(1-4C)alkyl. Representative examples inciude cis-cyclo-
pent-1,3-ylene, trans-cyclopeni-1,3-ylene, cis-cyciohex-1,4-
ylene and trans-cyclohex-1,4-vlene. A' or A® ar both can
also be optionally substituted thienylene or piperidinylene,
for example, thien-2,5-ylene or piperidin-1,4-ylene.

[0119] In one embodiment, R* is selected fram
(1-10C)alkylene, (2-10C)alkenylene and (2-10C)alkynylenc
wherein the alkylene is unsubstituted or substituted with 1 or
2 substituents independenily selected from (1-4C)alkyl,
hydroxy and phenyl. Representative examples of particular
values for R* are —(CH,)—, —(CH.).—, —(CH,),—,
—CHY,— —(CHys—, —CH)—, —(CH,),—,
—~(CH)g—  —(CHJy—,  —{CH)—  and
—(CH2)CH(CH;}—(CH}—C(CH,),—(CH,),—.

[0120] In a particular embodiment, R” is a divalent group
of the formula: —(R**),~- where R** is (4-10C)zlkylene. In
one aspect of this embodiment, R* is a divalent group of the
{ormula: —(CH,)— where j is 8, 9 or 10. Examples of
particular values for R* in this embodiment are —(CH_),—,
—(CH3)s—, —(CH)e—, —(CH)i—, —(CHy)y—,
—(CH,),, and —CH.),;—; including —(CH,)y—,
—(CHy)o, and —(CH.);—.

[0121] In another particular embodiment, R* is a divalent
group of the formula:

—(R¥)¢ (AN (R¥)—

[0122]) where R*™ is (1-10C)aikylene, such as
—(CH)}—, —(CH);—, —(CH),— A’ is
(6-10C)arylene, such as phen-1,4-ylene or phen-1,3-
ylene, or (2-9C)heteroarylene, such as thien-2,5-
vlene or thien-2,4-ylenc; and R* is (1-10C)alkylene,
such as —(CH,}—, —(CH,),—, —{CH,),—.
Examples of particular values for R* in this embodi-
ment are  —(CH,)-(phen-1,4-ylene)-(CH,)}—;
—CH,)-(phen-1,4-yleae)-(CH,},—; —(CH,)-
(phen-1,4-ylene)-(CH,);—; —(CH,),-(phen-14-
ylene)-(CH,)—; —(CH,),-(phen-1,4-ylene)-
(CH,),—  —(CH.),-(phen-1,4-ylene){CH.),—;
—(CH_){phen-L4-ylene){(CH)—,  —(CH.),-
(phen-1,4-ylenc)-(CH,),—, —{CH,);-{phen-1,4-
ylene)-(CH,),—, —(CH,)-(phen-1,4-ylenc)-
(CH)—; —(CH,),-(phea-1,4-ylene)-(CH,),— and
—(CH,),«(phen-1,4-ylene)-(CH,),—.

[0123] In yet another particular embediment, R* is a
divalent group of the formula:

—R*)- QAN R*)—

[0124] where Q is —O— or —N(Q")-; Q¥ is hydro-
gen or (1-3C)alkyl, such as methyl or ethyl; R* is
(1-10C)alkylene, such as —(CH,)—, —(CH,).—,
—(CH.);—; A% is (6-10C)arylene, such as phea-1,
4-ylene or phen-1,3-ylene, or (2-9C)heteroarylene,
such as thien-2,5-ylene or thien-2,4-ylene; and R* s
(1-10C)alkylene, such as —(CH,}—, —(CH.),—,
—{(CH,);—. Examples of particular values for R* in
this embodiment are —(CH.).—O-(phen-14-
ylene)}{CH,)—  —CH,),—O-(phen-1,4-ylene)-
(CH.).—; —CH.),—O-(phen-14-ylenc){CH.),—;
—CH.);—0-(phen-1,4-ylene)-(CH,)— —CH.),—
O-(phen-1,4-ylene)-(CH.),—;, —CH,),—O-(phen-
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1,4-ylene)(CH,);—; ~{CH,),—NH-(phen-1,4-
ylene)-(CH,)— —CH,),—NH<{phen-1,4-ylene)-

(CH,).—; —CH,).—NH<{phen-1,4-ylene)-
(CH,)s—; —{CH,);—NH-(phen-1,4-ylene)-
(CHy)—; —CH,);—NH-{phen-1,4-ylene)-

"(CHy),— and —CH,),—NH-(phen-1,4-ylene)-
(CHDs—.

[0125] In yet another particular embodiment, RY is a
divalent group of the formula:
—(R*) (A (R™)-Q-(R )5 (A7) (R ™) —
[0126] where Q is —N(Q")C(O)— or —C(O)N(QY)-.
A particular value for R in this embodiment is the
formula:

—(CHypy—C— g—(CH:)n

[0127} where m is an integer from 2 to 10; and n is
an integer from 2 to 10; provided that m+n is an
integer from 4 to 12. In this formula for R*,d and g
are land e, f, h and i are 0; and R* is —(CH_),—,
R*® is —CH,),— and Q is —C(O)NH—. Particular
values for m are 2 or 3; and for nn, 4, 5 ar 6.

[0128]. Another particular value for R* is the formula:

I
—(CH)—C—N 4@7((‘}{2)?—

[0129] where o is an integer from 2 to 7; and p is an
integer from 1 1o 6; provided that o+p is an integer
from 3 to 8. In this formula for R*, d, h and i are 1
and e, f and g are O; and R* is —(CH,),—, A% is
phen-1,4-ylene, R* is —(CH,),— and Q is
—C(O)NH—. Particular values for o are 2 or 3; and
for p, 1 or 2. In this embodiment, the phen-1,4-ylene
group may be optionally substituted as defined
herein for A% '

(0130} Another particular value for R* is the formula:

o]
I
—(CHy)y—C—N—(CHy), (CH),—

[0131] where q is an integer from 2 to 6 r is an
integet from 1 1o 5; and s is an integer from 1 1o 5;
provided that g+r+s is an integer from 4 to 8. In this
formula for R*,d, g, h and i are 1 and e and f are (;
and R* is ——(CHz)q—, R is —(CH,)—, A® is
1,4-phenylene, R* is —(CH,),— and Q is
—C(O)NH-—. Particular values for q are 2 or 3; for
r, 1 or 2; and for s, 1 or 2. [a this embodiment, the
phen-1,4-ylene group may be optionally substituted
as defined herein for AZ.
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[0132] Another particular value for R* is the formula: [0146] —(CH,),C(O)NH(phen-1,4-ylene)CH,—;

_(CH:)_H—C—‘(CHZ)-:_

[0133] where t is an integer from 2 to 10; and u is an
integer from 2 to 10; provided that (+u is an integer
from 4 to 12. In this formula for R*, d and g are 1 and
e, f, b and i are 0; and R** is —(CH,).—, R™ is
—(CH,),— and Q is —NHC(O)}—. Particular vat-
ues for t are 2 0r 3; and for u, 4, Sor 6.

[0134] Another particular valve for R? is the formula:

I
—(cul»—ﬁ—c@—(cnz)w—

(0135 where v is an Integer from 2 to 7; and w is an
integer from 1 to 6; provided that v+w is an integer
from 3 to 8. In this formula for R%, d, b and i are 1
and ¢, f and g are 0; and R* is —(CH,),—, A% is
14-phenylene, R* is —(CH,),— and Q is
—NHC{O)—. Particular values for v are 2 or 3; and
for w, 1 or 2. In this embodiment, the phen-1,4-ylene
group may be optionally substituted as defined
herein for A*.

[0136] Another particular value for R* is the formula:

O
Il
— (€l — N —C—(CHa (CH),—

[0137] where x is an integer from 2 to 6; y is an
integer from 1 to 5; and z is an integer from 1 to 5;
provided that x+y+z is an integer from 4 to 8. In this
formula for R%,d, g, hand i are 1 and ¢ and f are 0;
and R* is —(CH,),—, R* is —(CH,),—, A® is
1,4-phenylene, R* is —(CH,),— and Q is
—NHC(O)—. Particular values for x are 2 or 3; for
y, 1 or 2; and for 2, 1 or 2. In this embodiment, the
phen-1,4-ylene group may be oplionally substituted
as defined herein for A

[0138] By way of further illustration, R* can be selecled

from:

[0139] —(CH)),—;
[0140] —(CH,)s—;

[0141] —(CH,)y—;

[0142] —(CH.),;—;

[0143] —(CHJ),;—;

[0144] —(CH2)2C(O)NH(CH2)5—;
[0145] —(CH.),N(CH4)C(O)CH,)s—;

[0147] —(CH,),NHC(O)(phen-1,4-ylene)CH,—;
[0148] —(CH,),NHC(O)NH(CH,);—;
[0149] —(CH,),;NHC(O)NH(CH,);—;

[0150] —(CH,),C(O)NHCH (cyclohex-1,3-yle-
ne)CH,—;

[0151] —(CH,),NHC(O)cyclopent-1,3-ylene)-;

[0152] —(CH,),NHC(O)NH(phen-1,4-ylene)
(CH,),—

[0183]  1{CH,):C(0) piperidin-4-s1)CH)—;

[0154]) —(CH,),NHC(O)(traps-cyclohex-1,4-yle-
ne)CH,—;

[0155) —{(CH,),NHC(O)cis-cyclopent-1,3-vlene)-;
[0156] —(CH,),NH(phen-1,4-ylene)}{CH,),—;
[0157] 1-[-(CH,),NHC(O)](piperidin-4-yD(CH,),—;

[0158] —CH,(phen-1,4-ylene)NH(phen-1,4-yle-
ne)CH,—;

[0159] —(CH,),C(O)NHCH(phen-1,3-ylene)CH,—;
[0160] —(CH,),C(O)YNHCH (pyrid-2,6-ylene)CH,—;

[0161] —(CH,),C(O)NH(cis<cyclchex-! 4-vle-
ne)CH,—;

[0162] —(CH,),C(Q)NH(trans-cyclohex-1,4-yle-
ne)CH,—;

[0163] —(CH,),NHC(O)(cis-cyclopent-1,3-yle-
ne)CH,—;

[0164] —(CH,),N(CH,;)C(O)phen-1,3-ylene)CH,—;

{0165] —{(CH,),N(CH,)C(O)rans-cyclohex-1,4-yle-
ne)CH,—;

[0166] —(CH.),C(O)NH(phen-1,4-vlene)CH,—;

[0167] —(CH,),C(O)NH(phen-1,4-
ylene)C*H(CH,)}—((S)-isomer);

[0168] —(CH,),C(O)NH(phen-1,4-
ylene)C*H(CH,}—((R)-isomer);

[0169] 2-[(S){—CH,—](pyrrolidin-1-yl-
)C(O)(CHY) —

[0170] 2-[(S){—CH,—(pyrrolidin-1-y))C(O)(phen-1,
4-ylene)CH,—;

[0171] —(CH,),C(O)NH(4~chlorophen-1,3-yle-
ne)CH,—;

[0172] —CH,(2-fluorophen-1,3-ylene)CH,—;

[0173] —(CH,).C(O)NH(4-methylphen-1,3-yle-
ne)CH,—;

[0174] —{(CH.,),C(O)NH(6-chlorophen-1,3-yle-
ne)CH,—;

[0175] —(CH,),C(O)NH(2~chlorophen-i 4-yle-
ne)CH,—;

[0176] —(CH,),C(O)NH(2,6-dichlorophen-1,4-yle-
ne)CH,—;
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[0177] —(CH,),NHC(O)NHCH,(phen-1,3-yle-
ne)CH,—;

{0178] 4{-CH,—](piperidin-1-vi)C{Q)(phen-1,4-yle-
ne)CH,—; .

[0179] —{(CH_.).C(O)N{CH,CH,)phen-1,4-yle-
ne)CH,—;

[0180] 1-{-(CH,),NHC(O)](piperidin-4-yl)-;
[0181] —(CH,).C(O)NH(phen-1,4-ylene)(CH,),—;
[0182] —(CH.).NHC(O)(thien-2,5-ylene)CH,—;

[0183] —(CH,),N(CH,)C(O)3-nitrophen-1,4-yle-
ne)CH,—;

{0184} —{(CH.),N(CH,)C(O)(trans-cyclohex-1,4-
ylene)-;

[0185} 1-[-CH,(2-fluorophen-1,3-ylene)CH. |(piperi-
din-4-yl)-;

[0186] 5-[-(CH,),NHC(O))(pyrid-2-y)CH,—; -
[0187] —(CH_),(phen-1,4-ylene}(CH,),—;
[0188] -(CH,)s{thien-2,5-ylene)(CH,),—;

[0189] —(CH,){phen-1,4-ylenc)NH(phen-1,4-yle-
ne)(CHy)—;

[0190] —CH,(phen-1,2-ylene)NH(phen-1,4-yle-
ne)(CH,),—;

[0191] 1-CH_(2-fluorophen-1,3-ylene)CH, )(piperi-
din4-y1)(CHo),—;

[0192] 1{-CH.(2-fuorophen-1,3-ylene)CH, [(piperi-
din-4-yl)CH,—;

[0193] —(CH,),C(O)NH(3-chlorophen-1,4-yle-
ne)CH,—;

[0194] —(CH,),C(O)NH(2-(CF,0-)phen-1,4-yle-
ne)CH.—;

[0195] —(CH,),(phen-1,3-ylene)NH(phea-1,4-yle-
0¢)(CH,).—;

[0196] —(CH,),S(0).NH(CH,),—;

[0197] —CH,(phen-1,3-ylene)NH(phen-1,4-yle-
ne}{CH.).—;

[0198] —{(CH,),C(O)NH(2-iodophen-1,4-yle-
ne)CH,—;

[0199] —(CH,).C(O)NH(2-chloro-5-methoxyphen-1,
4-ylene)CH,—;

[0200] —(CH,),C(O)NH(2-chloro-6-methylphen-1,4-
ylene)CH,—;

[0201] —(CH,),C(O)NH(CH_);—;

[0202]) —(CH,),N(CH,)S(0),(phen-1,4-ylene)CH,—;

[0203] —(CH,}.C(O)NH(2-bromophen-1,4-yle-
ne)CH.,—;

[0204] —(CH,),{phen-1,4-ylene)NH(phen-1,4-yle-
2e)(CH,),—;

[0205] —(CH.)s(phen-1,2-ylene)NH(phen-1,4-yle-
ne)(CH;).—;
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[0206] 1-[-CH,(2-flucrophen-1,3-ylenc)CH, }(piperi-
din-4-y[)}{(CH,),—;

[0207] —(CH,),C(O)NH(2-methoxyphen-1,4-yle-
ne)CH,—;

[0208] —(CH,);NH(phen-1,4-ylene}(CH,),—;

[0209] 4[-(CH,),-Jpiperidin-1-yl)¥phen-1,4-yle-
ne)(CH,).—;

[0210] —(CH,),C(O)NH(phen-1,4-
ylene)CH(CH,)CH,—;

[0211] —(CHz)z-(irans-cyclohex-1,4-ylene)NH(phcn~
1,4-ylene)(CH,),—;

[0212] —(CH,),C(O)NH(2-fluorophen-1,4-yle-
ne)CH,—;

[0213] —(CH.).(phen-1,3-ylene)NH(phen-1,4-yle-
e} CH,),—;

[0214] —(CH,),C(O)NH(2,5-diftuorophen-1,4-yle-
ne)CH.—;

[0215] —(CH,),NHC(O)phen-1,4-yleneX CH),—;

[0216] 1-[-CH,(pyrid-2,6-ylenc)CH,](piperidin-4-
y)CH,—;

[0217] —(CH.),NH(phen-1,4-ylene)(CH,).—;
[0218] —(CH,).NH(naphth-1,4-ylene)(CH,),—;
[0219] —(CH,),0O(phen-1,4-ylene)CH,—;
[0220] 1-[<(CH,),)piperidin-4-y)CH,—;

[0221] 4-{-(CH,),](piperidin-1-y)C(C)(phen-1,4-yle-
ne)CH,—;

[6222] -—(CH,),(phen-1,4-ylene)NHC(OXCH,),—;
[0223] —(CH,),O(phen-1,4-ylene)(CH,),—;
[0224] 2-[-(CH,),])(benzimidazol-5-y])CH,—;

[0225] —{(CH,),-(transcyclobex- |,4-ylene)NH-
C(O)(CH,),—;

[0226] —(CH,).-(trans-cyclohex-1,4-ylene)NH-
CONCHz)e—;

[0227] —{CH,),-(trans-cyclohex-1,4-ylene)NH-
C(OXCH)s—;

[0228]  4[-(CH,),piperidin-1-y)C(O)CH.),—;
[0229] —(CH,),NHC(O)NH(phen-1,4-ylene)CH,—;

[0230] —(CH.),N(CH,)(CH,)(cis-cyclohex-1,4-
ylene)-;

[0231} —(CH,),C(O)NH(2,3,5,6-tetrafluorophen-1,4-
ylene)CH,—;

{0232] —(CH,),C(O)NH(2,6-diiodophen-1,4-yle-
ne)CH,—;

(0233] 4-[-(CH,), Ypiperidin-1-y)C(O)CH,),—
[(0234] 4{(CH,); (piperidin-1-y})C(O)(CH,).—

[0235]  4-{{(CH,), piperidin- L-yDC(O}CH,)s—;

[0236] —(CH,),C(O)NHCH,(phen-1,4-ylene) CH.—;

[0237] —(CH,),NHC(O)NHCH,(phen-1,4-yle-
ne)CH,—;
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[0238] —(CH,),C(O)NH(2-methylphen-1,4-vle-
ne)CH,—;

[0239] 1-{-(CH.);O(phen-1,4-ylene)(CH,). J(piperidin-
4 CH,—;

[0240] —(CH,),C(O)NHCH,(phen-1,3-yle-
ne}(CH,),—;

[0241] —(CH,),0(phen-1,3-ylene)CH,—;

[0242] —(CH,).N(CH,)C(O)CH.O(phen-1,4-yle-
ne)CH.—;

[0243] —(CH,).N(CH;)C(O)CH,O(phen-1,3-yle-
ne)CH.—;

[0244] —{(CH,)-N(CH;)C(O)fur-2,5-ylene)CH,—;
[0245] —{(CH,),N(CH,)C(O)thien-2,5-ylene)CH,—;
[0246] —(CH,),O(phen-1,4-ylene)O(CH,),—;

[0247] —{CH.).(trans-cyclohex-1,4-ylene)NH-
C(O){phen-1,4-ylene)CH,—;

[0248) —(CH,),(trans-cyclohex-14-
ylene)NHC(O)CH,O(phen-1,2-ylene)CH,—;
[0249] —(CH.),(trans-cyclohex-1,4-
yiene)NHC(O)CH,O(phen-1,3-ylene)CH,—;
[0250] —(CH,).{trans-cyclohex-1,4-
ylene)NHC(OYCH,O(phea-1,4-ylene)CH,—,

[0251] —(CH.).(1rans-cyclohex-1,4-ytene)NHC(O-
Xfur-2,5-ylene)CH,—;

[0252] —(CHz)z(lrans-cyclohex-l,4-ylcne)NHC(O-
Ythien-2,5-ylene)CH,—;

[0253] 4--(CH.).Xpiperidin-1-y])C(OYCH,O(phen-1,
2-ylene)CH,—;

[0254] 4-[-(CH,),Xpiperidin-1-y1)C(O)CH,O(phen-1,
3-ylene)CH,—;

[0255] 4-{-(CH,),](piperidin-1-y[)C(O)CH,O(phen-1,
4-ylene)CH,—;

[0256] 4-[-(CH,).](piperidin-1-y1)C(O)(fur-2,3-yle-

ne)CH,—;

[0257] 4{-(CH,),}piperidin-1-yl)C(OQ)(thien-2,5-yle-
ne)CH,—;

[0258] —(CH.).(phen-1,4-ylene)NHC(O)phen-1,3-
ylene)CH,—;

[0259] —(CH.).(phen-1,4-ylene)NHC{O)(phen-1,4-
ylene)CH,—;

[0260] —(CH,) (phen-1,4-ylene)NHC(O)CH,O(phea-
1,2-ylene)CH,—;

[0261] —(CH_.),(phen-1,4-ylene)NHC(O)CH.O(phen-
1,3-ylene)CH,—;

(0262] —(CH,),(phen-1,4-ylene)NHC(Q)CH,O(phen-
1,4-ylene)CH,—;

[0263] —(CH,).(phen-1,4-ylens)NHC(O)(fur-2,5-yle-
ne)CH,—;

(0264] —(CH,),(phen-1,4-ylene)NHC(O)(thien-2,5-
ylene)CH,—;

10

Aug, 26, 2004

[0265] —(CH,),(trans-cyclohex-1,4-ylene)NH-
C{O)(phen-1,3-ylene)CH,—;

[0266] —(CH,);O(phen-1,3-ylene)CH,—;

[0267) —CH,CH(OH)CH,NH(phen-1,4-yle-
ne)(CH,),—;

[0268] —(CH.),NH{phen-1,4-ylene)}(CH,),—;

[0269] —(CH,),C(O)NH(phen-1,4-
ylene)CH,NHC(O)CH,—;

[0270] —(CH.,),C(O)NH(phen-1,4-
ylene)(CH,),NHC(O)CH,—;

[0271] —(CH,),C(O)NHCH,(irans-cyclohex-1,4-yle-
ne)CH,—;

(0272] —(CH.,),NHC(O)(CH,};—;
[0273] —(CH,),0O(phen-1,3-ylene)O(CH,).—;
[0274] —(CH,),O(phen-1,2-ylene)O(CH,),—;

[0275] —CH (phen-1,2-ylene)O(phen-1,2-yle-
ne)CH,—;

[0276] —(CH,),C(O)NH(CH,);—;

[0277] —{(CH,);(phen-1,4-ylene)}(CH.),—;

[0278] —(CH.);(phen-1,4-yiene){CH.),—;

[0279] —{CH.),(phen-1,4-ylene)(CH,),—;

[0280] —(CH,)(furan-2,5-ylene)(CH.),—;

[0281] —(CH,).N(CH,)C(O)NH(phen-1 4-yle-
ne)(CH,),—;

[0282] 4-[-(CH,),](piperidin-1-y)C(O)NH(phen-1,4-
ylene)(CH,),—;

[0283] —{CH,),(phen-1,3-ylene)(CH,);—;

[0284] —(CH,),(tetrahydrofuran-2,5-ylene)(CH };—;
and

[0285] —{(CH,),0(phen-1,4-ylene)C(O)CH,),—.
[0286] Representative Subgeneric Groupings

[0287] The following subgeneric formulae and groupings
are intended to provide represcatative examples of various
aspects and embodiments of this invention and as such, they
are not intended to exclude other embodimenis or to limit the
scope of this invention unless otherwise indicated.

[0288] A particular group of compounds of formula T are
those disclosed in U.S. Provisional Application No. 60/447,
843, filed on Feb. 14, 2003. This group includes compounds
of formula I; wherein:

[0289] a2 is O or an integer of from 1 to 3;

{0290] each R' is independently selected from
(1-4Cjalkyl,  {(2-4C)alkenyl,  (2-4C)alkynyl,
(3-6C)cycloalkyl,  cyano,  halo, —OR",
—C(0)OR™, SR**, —S(0)R*, —S(0),R** and
_Nleng;

[0291] ecachof R'®, R°, R'S, R!, R, R* and R8s
independently hydrogen or {1-4C)alkyl;

[0292] b is 0 or an integer of from 1 10 3;
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[0293] each R* is independently sclected from
(1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3-6C)cycloalkyl,  cyano,  halo, —OR™,
—-C(O)OR™, SR*, —S(O)R*, S(0),R* and
__NR'-'{RZE;

[0294] each of R™, R*® R* R* R, R*f and R%is
independently hydrogen or (1-4C)alkyl;

[0295] W is attached to the 3- or 4-position with
respect to the nitrogen atom in the piperidine ring,
and represents O or NW*;

[0296] W* is hydrogen or (1-4C)alkyl;
[0297] ¢ is O or an integer of from 1 to 4;

[0298] each R is a substiiuent on carbon indepen-
dently selected from (1-4C)alkyl, (2-4C)alkenyl,
(2-4C)alkynyl, (3-6C)cycloalkyl, cyano, halo,
—OR™, —C(O)OR*®, SR*, ~ _—S(0R¥™,
—S(0)R* and —NR*R8,

[0299] each of R*, R, R*, R* R* R* and R* is
independently hydrogen or (1-4C)alkyl,

[0300] R*is a divalent group of the formula:

(R (AR QR (AT (R¥)—

[0301] wherein

[0302] d, e, f, g, h and i are each independently
selected from 0 and 1;

[0303] R, R*®, R and R* are each independently
selected from (1-10C)akkylene, (2-10C)alkenylene
and (2-10C)alkynylene wherein each alkylene, alk-
envlene or alkynylene group is unsubstituted or
substiluted with from 1 (o 5 substituents indepen-
dently selected from (1-4C)alkyl, fluoro, hydroxy,
phenyl and phenyl(1-4C)-alkyl;

[0304] A' and A® are each independently selected
from (3-7C)cycloalkylene, (6-10C)arylene,
(2-9C)heteroarylene  and  (3-6C)heterocyclene;
wherein each cycloalkylene is unsubstituted or sub-
stituted with from 1 to 4 substitutents selected inde-
pendently from (1-4C)alky! and each arvlene, hel-
eroarylene or heterocyclene group is unsubstituted or
substituted with from 1 to 4 substituents indepen-
dently selected from halo, (1-4C)alkyl and
(1-4C)alkoxy;

[0305] Q is selected from a bond, —O0—,
—C(0)0—, —0C(0)—, —8—, —S(0)—,

—8(0),—  —N(@QI)C0), —COIN(Q")-,
_N(QC)S O):‘._! _S( 0) 2N ( Qd) %y N( Q -
JC(O)N(Q')-, —N(Q®S(0),N(Q")-,

—OC(OIN(QY)- and —N(Q))C(0)0—;

(0306] Q°, Q" Q% Q% Q, Q% Q% Q" Qand Qf are
each independently sclected from hydrogen,
(1-6C)alkyl, A® and (1-4C)alkylene-A® wherein the
alkyl group is unsubstituted or substituted with from
1 to 3 substituents independently selected from
fluoro, hydroxy and (1-4C)alkoxy; or together with
the nitrogen atom and the group R*® or R** 1o which
they are attached, form a 4-6 membered azacy-
cloalkylene group;

11

Aug. 26, 2004

[0307] A’ and A* are cach independently selected
from (3-6C)cycloalkyl, (6-10C)aryl, (2-9C)het-
eroaryl and (3-6C)heterocyclyl; wherein each
cycloalkyl is unsubstituted or substituted with from
1 to 4 substitutents selected independently from
(1-4C)alkyl and each aryl, heteroaryl or heterocyclyl
group is unsubstituted or substituied with from 1 1o
4 substituents independently selected from halo,
(1-4C)alky! and (1-4Calkoxy,

[0308] provided that the number of contiguous atoms
in the shortest chain between the two nitrogen atoms
to which R* is atlached is in the range of from 8 1o
14,

[0309] R? represents hydrogen or (1-4C)alkyl;

[0310] R®is —NR®CR®(0) and R is hydrogen, or
R® and R’ together form —NR™C(Q)—
CR™=CR™*—, —CR"=CR™—C(Q)—NR""—,
—NR8C(0)}—CR™R"—CRR™*— or
—CR7R™—CR™R7—C(0}—NR"P—;

[0311] each of R* and R®" is independently hydrogen
or (1-4C)alkyl; and

[0312) eachof R7® R, R7%,R™ R", R™ R’ R™,
R7,R7, R™, R™, R™, R™, R and R"P is indepen-
dently hydrogen or (1-4C)alkyl;

{0313] or a pharmaceutically acceptable salt or sol-
vate or stercoisomer thereof,

[0314] Another particular group of compounds of formula
I are those disclosed in U.S. Provisional Application No.
60/467,035, filed on May 1, 2003. This group of compounds
includes compounds of formula I; wherein:

[0315] ais O or an integer of from 1 to 3;

[0316] each R' is independently selected from
(1-4C)akkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3-6C)cycloalkyl,  cyamo,  halo, —OR™,
—C(O)YOR™, SR, —S(O)R™, S(O),R¥, and
—NRYR;

[0317] eachof R*,R*™ R* R¥ R¥, R¥and R8s
independently hydrogen or (1-4C)alkyl;

[0318] b is O or an integer of from 1 to 3;

[0319] each R® is independently sclected from
(1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3-6C)cycloalkyl,  cyamo,  halo, —OR™,
—C(O)OR®, SR*, —S(O)R™, —S(0),R* and
—NR¥R%;

[0320] each of R R, R*, R*,R** R* and R is
independently hydrogen or (1-4C)alkyl;

0321] W is attached to the 3- or 4-positien with

P!

respect to the nitrogen atom in the piperidine ring,
and represents O or NW?;

f0322] W" is hydrogen or (1-4C)alkyl;
[0323] ¢ is O or an integer of from 1 10 4;

[0324] each R® is a substituent on carbon indepen-
dently selected from (1-4C)alkyl, (2-4C)alkenyl,
(2-4Q)alkynyl, (3-6C)cycloalkyl, cvano, halo,
—OR™, =~ —C(O)OR®, SR*  —S(O)R¥,
—8(0).R*, and —NR*R’8,

7
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[0325] cachof R* R, R* R* R, R* and R*is
independently hvdrogen or (1-4Calkyl;

[0326] R*is a divalent group of the formula:
—(R“)d'(Al)e‘(R‘bermnu)g'(-‘\z)h'(Rm).—
[0327] wherein

[0328] d, e, f, g, b and i are each independently
selected from 0 and 1;

[0329] R*, R™, R* and R*® are each independently
selected from (1-10C)alkylene, (2-10C)alkenylene
and (2-10C)alkynylene wherein each alkylene, alk-
enylene or alkynylene group is unsubstituted or
substituted with from 1 to 5 substituents indepen-
dently selected from (1-4C)alkyl, flucro, hydroxy,
phenyl and phenyl(1-4C)-alkyl;

[0330] A’ and A% are each independently selected
from  (3-7C)ycloalkylene,  (6-10C)arylene,
(2-9QC)beteroarvlene  and  {3-6C)heterocyciene;
wherein each cycloalkylene is unsubstrtuted or sub-
stituted with from 1 10 4 substitutents selected inde-
pendently from (1-4C)alkyl and each arylene, het-
eroarylenc or heteracyclene group is unsubstituted or
substiluted with from 1 to 4 substilvents indepen-

dently selected from halo, (1-4Clalkyl and
(1-4C)alkoxy;

[0331] Q is selected from a bond, —O—,
—C(0)0—, —OC(0)—, —S—, —S(O0)—,
—$(0):—,  —N(Q)C0)—,  —CONQ")-,
—N(Q@5(0).—, —S(0)N(@Q%)-,  —N(O-
YC(OIN(Q)-, —N(Q®)S(0).N(Q")-,

—OC(O)N(Q')- and —N(Q'YC(0Y0—,
[0332] Q% Q%Q%0Q%Q,Q, Q5 Q" Q'and Q@ are

each independently selected from hydrogen,
(1-6C)alkyl, A® and (1-4C)alkylene-A”; wherein the
alkyl group is unsubstituted or substituted with from
1 1o 3 substituents independently selected from
fluoro, hydroxy and (1-4C)alkoxy; or together with
the nilrogen atom and the group R*® or R* to which
they are attached, form a 4-6 membered azacy-
cloalkylene group;

[0333] A* and A* are each independently selected
from (3-6C)cycloalkyl, (6-10C)aryl, (2-9C)het-
eroaryl and (3-6C)heterocyclyl;, wherein each
cycloalkyl is unsubstituted or substituted with from
1 to 4 substitutents selected independently from
(1-4C)alkyl and each aryl, heteroaryl or heterocyclyl
group is unsubstituted or substituted with from 1 to
4 substiluents independently selected from halo,
(1-4C)alkyl and (1-4C)alkoxy;

[0334] provided that the number of conliguous atoms
in the shortest chain between the Iwo nitrogen atoms
to which R* is attached is in the range of from 4 to
14,

[0335] R’ represents hydrogen or (1-4Chalkyl;

[0336] R°is —NR®CR®*(0) or CR*CR*OR® and
R’ is hydrogen, or R® and R’ together form

—NR™C(0}—CR™=CR"—,  CR™=CR"—
C(O)_NR‘JE_, _NR‘IgC(O)_CR7hR71__
CR"R™— or —CR™R™—CR™R*—C(0)—
NR7?:
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[0337] ecach of R, R*®, R*, R* and R* is indepen-
dently hydrogen or (1-4Calkyl; and

[0338] cachof R, R™ R, R™,R™ R78 R™ R",
R”,R™ R™ R"™ R™, R™ and R" is independently
hydrogen or (1-4C)alkyl;

[0339] or a pharmaceutically acceptable salt or sol-
vale or stercoisomer thereof.

[0340] Another particular group of compounds of formula
| are those where: ais ;b is 0; ¢ is 0; W is O; W is attached
al the 4-position of the piperidinyl ring; R® is hydrogen; and
R*, R® and R” are as defined herein; or a pharmaceutically
acceptable salt or solvate or stercoisomer thereof.

[0341] Sull another particular group of compounds of
formula I are those wherein: a is 0; b is 0; cis 0; W is NH;
W is attached al the 4-position of the piperidinyl ring; R® is
hydrogen; and R*, R® and R’ are as defined herein; or a
pharmaceutically acceptable salt or solvate or stereoisomer
thereof.

[0342] Yet another particular group of compounds cf
formula I are those wherein: ais0;bis0;cisO;, Wis O, W
is anached al the 4-position of the piperidiny! ring; R is
—(CH_);— where j is 8,9 or 10; R® is hydrogen; and R® and
R7 are as defined herein; or a pharmaceutically acceptable
salt or solvate or stereoisomer thereof.

[0343]) Another particular group of compounds of formula
I are those wherein: a is 0; b is 0; c is 0; W is NH; W is
attached at the 4-position of the piperidinyl ring; R* is
—{CH,,);— where j is 8, 9 or 1; R® is hydrogen; and R® and
R” are as defined herein; or a pharmaceuticatly acceptable
salt or solvate or stereoisomer thereof.

[0344] Yet acother particular group of compounds of
formula I are those wherein: ais O; bis0; cis 0; Wis 0; W
is attached at the 4-position of the piperidiny! ring; R* is
—{CH,),—C(O)NH—CH.)s—; R® is hydrogen; and R®
and R7 are as defined herein; or a pharmaceutically accept-
able salt or solvate or stereoisomer thereof.

[0345] Another particular group of compounds of formula
[ are those wherein: a is 0; b is 0; c is 0; W is NH; W is
attached at the 4-position of the piperidinyl ring; R* is
—CH,),—C(O)NH—(CH_)s—; R® is hydrogen; and R® and
R” are as defined herein; or a pharmaceutically acceptable
salt or solvale or stereoisomer thereof.

[0346] Another particular group of compounds of formula
I are those of formula IT as defined berein; or a pharmacen-
tically acceptable salt or solvate or slercoisomer thereof.

[0347] Another particular group of compounds of formula
I are those of formula III as defined herein; or a pharma-
ceulically acceptable salt or solvate or siereoisomer thereof.

[0348] Another particular group of compounds of formula
1 are those of formula [V as defined herein; or a pharma-
ceutically acceptable salt or solvate or stereoisomer thereof.

[0349] Another particular group of compounds of formula
I are those of formula II, I or IV as defined herein, wherein
the piperidinyl ring is substitued at the 4-position with a
methyl group; or a pharmaceutically acceptable sall or
solvate or slereoisomer thereof.
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[0350] Another particular group of compounds of formula
I are compounds of formula V:
v
H
N W,
T oH
o] N i ;
g
R’ OH
RS
[0351] wherein W, R*, R® and R” are as defined in
Table I, or a pharmaceutically table salt or sclvate
thereof.
TABLE [
Ex. W R R ®
1 NH — (CHp)s—{racemic)! —NHC(OYCH=CH—?
20 —{(CH,)p~ (racemic) —NHC(CXCH=CH—
30 —{CH)— —NHC(O)CH=CH—
4 0 —{CHp)y— H  —NHCOM
50 —{CH)o— —NHC{O)CH,CH,—
6 O  —(CH,),C(O)NH{CH,)— —NHC(O)CH=CH—
70 —{CH.).N(CH,)C(O)(CH )s— —NHC(0)CH=CH—
8§ 0  —(CH.).C(O)NH(phen-1 4 ylene)CH,~- — NHC(OYCH=CH—
9 0 —{CH).NHC(Ophen-1,4-ylene)CH,— —NHC(OCH=CH—
10 O —{CH,),NHC(O)NH(CH,)s— —NHC(O)CH=CH—
11 0 —{CH),NHC(ONH(CH,)s— —NHC(O)CH=CH—
12 0 —{CH)p— H —CH,0H
13 NH  —{CH)— H —CH,OH
14 0O —{(CH,),C(OJNHCH,(cyclohex-1,3-yleoe)CH,— —NHC(O)CH=CH—
15 O —{CH,),NHC(O)cis-cyclopent-1,3-ylene)- —NHC(O)CH,CH,—
16 0 —{(CH.),C({O)NH{2-chlorophen-1,4- ylene)CH,— —NHC(O)CH=CH—
17 0 —{CH,),S(0),NH(CH,)— —NHC(OYCH—CH—
18 O —{CHy);N(CH;)S(O),(phen-1,4-ylene)CH,— —NHC(O)CH=CH—
19 O —{CHy),NHC{O)NHCH,{ptiea-1,3-vlene)CH,— —NHC(O)CH=CH—
20 0 —{CH.),(phen-1 4-ylene)NH(phen-1,4-ylene)(CH,),— —NHC(OYCH=CH—
21 0 1-{—CH,(2-Auorophen-1,3-ylene)CH, )(piperidin-4- —NHC(O)CH=CH—
y)CH—
22 0 —{CH,);O(phen-1,4-ylene){CH,),— —NHC(O)CH=CH—
23 0 —{CH,),(phen-1,4-ylene)(CH,),— —NHC(O)CH=CH—
24 0 —{CHps(thien-2,5-ylene)(CH,)— —NHC(O)CH=CH—
25 0 ~—{CH.),C(O)NH(Z-chloro-5-methoxyphen-1,4- —NHC(OXCH=CH—
vlene)CH,—
% O —(CHr— —NHC(O)CH=CH—
7 0 —{CH}— —NHC(O)CH=CH—
8 0 —{CH.),NHC(O)NH(phen-1 4-ylene)(CH,),— —NHC(O)CH=CH—
29 0 1-{—(CH,).C(0)(piperidin4-y1)(CHyl,— —NHC(O)CH=CH—
30 0 —{CH,},NHC(O)(trans-cyclohex-1,4-vlene)CH,— —NHC(OYXCH=CH—
i1 o —{CH),NHC(O)(cis-cyclopeni-1,3-ylene)- —NHC(O)YCH=CH—
32 0 —{CH,).NHC(ONH(CH,)s— H  —NHC(OH .
33 0 —{(CH,),NH(phen-1,4-ylene)(CH,),— —NHC(OYCH=CH—
33 0 —{(CH),NHC(O)NH(CH,)s— H  —NHC(OH
3 0 1{—CH),NHC(O))piperidin-4-y)(CHy)— —NHC(O)CH=CH—
36 0 —CH, (phen-1,4-ylene)NH(phea-1,4-ylene)CH,— —NHC(O)CH=CH—
37 0 —(CH,).C{O)NHCH,(phen-1,3-ylene)CH,— —NHC(O)CH=CH—
38 NH  —(CH.),C(O)NH(phen-1,4-ylene}CH,— —NHC(O)CH=CH—
3 0 —{CHy,C(0)NHCH,(pyrid-2,6-viene)CH— —NHC(O)H=CH—
40 O —{CH,),C(O)NH(cis-cyclohex-1,4-ylene)CH,— —NHC(O)CH=CH~
4 0 —(CH,),C(O)NH(trans-cyclohex-1,4-ylene) CH,— —NHC(0)CH=CH—
42 0 —(CH,),NHC(O)(eis-cyclopent-1,3-ylene)CH,— —NHC(O)CH=CH—
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TABLE I-continued
Ex. W R R® R’
43 0 —{(CH.).N(CH,)C(O)(phen-1,3-ylene }CH,— —NHC(C)CH=CH—
4 0 —{CH,),N(CH,}C(O){trans-cyclohex-1,4-ylene) CH,— —NHC(C)CH=CH—
45 0 —(CH),C(O)NH(phen-1,4-ylene)CH,—(racemic) —NHC(O)CH=CH—
46 O —(CH,),C(O)NE(phen-1,4-lene)C*H(CH,)— —NHC(O)CH=CH—
((S)-isemer)
47 0 —(CH,).C(O)NH(phen-1,4-ylene)C* H(CH,)}— — NHO(C)CH=CH~-
((R)-isomer)
48 0 2[(S}~(—CH,—](pyrolidin-1-y)C(Q)(CHa),— ~—NHC(O)CH=CH—
49 0 2-[{8 )A—CH,—](pyrrolidin-1-y)C(O) (phen- 1,4- —NHC(O)CH=CH—
ylene)CH,—
50 0 —(CH.),C(O)NH(phen-1,4-ylene)CH,— H —NHC(OH
5310 —{CH,),C(O)NH(phen-1,4-ylene)C*H(CH, — H —NBC(O)H
((R)risomer)
20 —{CH,),C(O)NH(4-chiozophen-1,3-ylene)CH,— —-NHC(O)CH=CH—
53 NH  —(CH,),C(O)NH(phen-1,4-ylene)CH,— —NHC(OYCH=CH—
34 NH [ —{CH,),C(O)](piperidin-4-y1)(CHy),— —NHC(O)CH=CH—
55 NH  —(CH.),C(O)NHCH, {phen-1,3-vlene)CH,— ~NHC(O)CH=CH—
36 0 —CH,(2-fluorophen-1,3-ylene) CHy— —NHC(0)CH=CH—
57 0 —{(CH,),C(ONH(4-methylphen-13-ylene)CH,— —NHC(O)CH=CH-—
380 —{(CH.),C(O)NH(6-chlotophen-1,3-ylene)CH,— —NHC(O)CH=CH—
59 0 —(CH,),C(O)NH(3,6-dichlorophen-1,4-ylene)CH,— —NHC(O)CH=CH—
60 O 4[—CHy—(piperidin-1-y[}C(O)(phen-1,4-ylene)CH,—  —NHC(O)CH=CH—
61 0 ——{CH,).NHC(O}(phen-1,4-ylene)CH,— H  —NHCOM
62 0  —(CH,):C(O)N(CH,CH,)(phen-1,4-ylene)CH,— —NHC(O)CH=CH—
63 0 1{—(CH,),NHO(O)](piperidin-4-yly —NHC(O)CH=CH—
64 O —(CH,).C{O)NH{phen-1,4-ylene)(CH,),— —NHC(Q)CH=CH—
65 O —(CH,),NHC(O){1hien-2,5-ylene)CH,— —NHC(O)CH=CH—
66 O —{(CH,),N(CH;)C(O)(3-nitrophen-1,4-ylene) CH,— —NHC(O}CH=CH—
67 O —(CH,),C(O)NH(trans-cyclohex-1,3-ylenc)CH,— H —NHC(OH
68 O —{CH;),N(CH;)C(O){transcyclobex-1 4-ylenc)- —NHC(O}CH=CH—
69 O 1-[—CH{2-fluorophken-1,3-ylene) CH, |(piperidin-4- —NHC(0)CH=CH—
yl)-
70 O 3-[—{CH, ) ,NHC(Q} Kpyrid-2-y)CH,— —NHC(0)CH=CH—
1o 1-[-—(CH,);](piperidin-d-y)CH,— —NHC(0)CR=CH—
720 —(CH,).C(ONH(phen-1,d-ylene)(CH,),— H  —NHC(OH
720 —CH,(phen-1,2-ylene)NH(pheo-1,4-vlene)(CH,),— —NHC(O)CH=CH—
"0 1-[—CH,(2- fluorophen-1,3-ylene)CH, J(piperidin-4- —NHC(0)CH=CH—
YI(CH.),—
75 O —{(CH.);NH(phen-1,4-ylene)(CH,),— —NHC(O)CH=CH—
76 O —(CH,),C(O)NH{3-chlorophen-1,4-ylene) CH,— —NHC(C)CH=CH—
77 0 —{CH.),C(O)NH(-(CF,0—)phen-1,4-ylene)CH,— —NHC(O)CH=CH—
78 0 —{(CHy);(phen-1,3-ylene)NH(phen-1,4-ylene)(CHy),—  —NHC(Q)CH=CH—
7% O —CH,(phen-1,3-ylene)NH(phen-1,4-ylene)(CH, )x— —NHC(O)CH=CH—
80 0  —{CH,),C{O)NH(2-iodophen-1,4-ylenc)CH,— —NHC(O)CH=CH—
81 O —{CH.),C(O)NH(2-chloro-6-methylphen-1,4- —NHC(O)CH=CH—
ylene)CH,—
82 0 HCH.),C(0)NH(CH,)y—(racemic) ~—NHC(O)CH=CH—
83 0 —(CH,),C(O)NH(2-bromopben-1,4-ylene)CH,— —NHC(O)CH=CH—
44 0 —(CH.);(phen-1,2-ylene)NH(phen-1,4-ylene)(CH.) ,— —NHC(Q)CH=CH—
8 0 1-[—CH,(2-fluorophen-1,3-ylene)CH, J(pipenidin-4- —NHC(0)CH=CH—
YI(CH,),—
8 O  —(CH,).C(O)NH(2-methoxyphen-1 4-ylene)CH — —NHC(O)CH=CH—
87 0 —(CH,)sNH{phen-1,4-yleae)(CH ), ~—NHC(OYCH=CH—
8 O 4[—{CH.),—Kpiperidin-1-y1)(phen-1,4-viene)(CH,),—  —NHC(Q)CH=CH—
89 O —{CH.,):C(O)NH(phen-1,d-ylene)CH(CH,)CH,— ~NHC(O)CH=CH—
%0 0 —(CH,),~—(trans-cyclohex-1.d-ylene)NH(phen-1,4- —NHC(O)CH=CH—
yiene)(CHy),—
81 0 —{CH,),C(O)NH(2-fluorophen-1,4-ylene)CH,— —NHC(O)CH=CH—
92 0 —(CH,),(phen-1,3-ylene)NH(phen-1,4-ylene){CHy)— —NHC(O)CH=CH—
93 O —(CH.),C(O)NH(Z.5-diflucrophen-1,4-ylene)CH,— —NHC(0)CH=CH—
94 0 —{(CHy),NHC(O)(phen-1,4-ylene)(CH,)— —NHC(O)CH=CH—
95 0 1-[—CHa(pyrid-2,6-ylene)CH. |(piperidin-4-yl}CH,-— —NHC(0)CH=CH—
96 O —(CH,),NH(naphth-1,4-ylene)(CH,),— —NHC(O)CH=CH—
97 O 4[—CHa},](piperidia-1-y1)C(O)(phen-1,4- —NHC(O)CH=CH—
ylene)CH,—
98 O —{(CH,)«{pher-1,4-ylene)NHC(O)CH.),— —NHC(O)CH=CH—
99 O —(CH_),O(phen-1,4-ylene)CH,— —NHC({O)CH=CH—
100 0 2[—(CH),](benzimidazol-5-y1)CH,— —NEC(O)CH=CH—
101 O —(CH,) —(trans-cyclohex-1,4-ylene)NHC(O)(CHy) ,—  —NHC(C)CH=CH—
102 O —{CH;),—(trans-cyclohex-1,4-ylene)NHC(O)(CHa),—  —NHC(O)CH=CH—
103 O —(CH,) ,—(trans-cyclohex-1,4-ylene)NHC(O)(CH,)s—  —NHC(O)CH=CH—
104 O 4{—(CH,),)(piperidin-1-y1)C(O)(CH,),— —NHC({OYCH=CH—
105 O —(CH,),NHC(O)NH(phen-1 4-ylene)CH,— —NHC(O)CH=CH—
106 O —{CH,).N{CH,)(CH,){cis-cyclohex-1,4-ylene)- —NHC(0)CH=CH—
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TABLE I<continued
Ex. W R* RS R’
107 O —{(CH),C(O)NH(2,3,5 6-tetrafluorophen-1,4- —NHC(O)CH=CH—
ylene)CH,—
108 O —{CH,),C(O)NH(2,6-diicdophen-1,4-ylene)CH,— —NHC(O)CH=CH—
109 0 2[—(CHy),](piperidin-1-y))C(O)(CH),— —NHC(Q)CH=CH—
110 O 4-[—{(CHy),)(piperidin-1-y)C(ONCH,) — —NHC(O)CH==CH—
111 0 4-[—CH,), )(piperidin-1-y)C(O)(CH,)s— —NHC(O)CH=CH—
102 0 —{CH,),C{O)NHCH,(phen-1,4-ylene)CH— —NHC(O)CH=CH-—
113 O —{CH),C(O)NHCH,(phen-1,4-yleae)CHy— H  —NHCOMH
114 O —{CH,),;NHC(O)NHCH,(phen-1 4-vleac)CH, — —NHC(OXCH=CH—
115 O —{(CH.),NHC(OJNHCH_(phea-1 4-yleae)CH — H  —NHC(OM
116 O —{CH.),C(O)NH(Z2-methylphen-1,4-ylene)CH,— —NHC(O)CH=CH—
17 0 1{—CH,),O(phen-1,4-ylene)(CH,), Jipiperidin-a- —NHC(0)CH=CH—
yCH,—
118 0 —{CH),C(O)NHCH,{phen-1 3-vlee)(CHo)y— —NHC(O)CH=CH—
119 O —{CH,),O(phen-1,3-ylene)CH,— —NHC(O)CH=CH—
120 O —{CH,),N(CH,)C(O)CH,O(phen-1,4-ylene) CHy— —NHC(O)CH=CH—
121 0 —{CH,),N(CH,)C{O)CH,O(phen-1,3-ylene)CHo— —NHC(O)CH=CH—
122 0 —{(CH,)N(CH,)C(O)(fur-2,5-ylenc)CHy— —NHC(O)CH=CH—
123 O —{CH,),N(CH,)C(Q){thien-2,5-ylene) CH,— —NHC{O)CH=CH—
124 O —{(CH,):Ofphen-1,4-ylene)O(CH,),— —NHC(O)CH=CH—
125 0 —{CH,),{trans-cyclohex-1,4-ylene) NHC(O)(phen-1,4- —NHC(O)CH=CH—
ylene)CH,—
126 O —{(CH,),{trans-cyclohex-1,4- —NHC(O)CH=CH~—
ylene)NHC(O)CH O(phen-1,2-ylene)CH,—
127 O —{CH,),(trans-cvclohex-1,4- —NHC(0)CH=CH—
ylene)NHC(QYCH,O(phen-1,3-ylene)CH,—
128 O —{CH,),{trans-cyclohex-1,4- ~NHC(O)CH=CH—
vlene)NHC(OYCH,O(phen-1,4-ylene)CH,—
129 O —(CH_),(trans-cyclohex-1,4-ylene) NHC(Q)(fur-2,5- —NHC(0Q)CH=CH—
ylene)CH,—
130 O —{(CH_),(trans-cyciohex-1,4-ylene)NHC(O)(thien- —NHC(O)CH=CH—
2,5-ylene)CHy—
131 O 4-[—{CH,), [(piperidin- 1-yC(OYCH, Ofpher- 1,2- —NHC(O)CH=CH—
ylene)CH,—
132 0O 4+[—(CH,),](pipetidin-1-yI)C(O)CH.O(phen-1,3- —NHC(O)CH=CH—
ylene)CH,—
133 0 4[—{CH,),](piperidin-1-y))C(C)CH,O(phen-1,4- —NHC(0)CH=-CH—
. ylene)CH,—
14 O 4-[—CHy),](piperidin-1-y1)C(O)(fur-2,5- ylene}CH,— —NHC(O)CH=CH—
135 O 4[—(CH,), ](piperidin-1-yI)C(O)(thien-2,5- —NHC(O)CH=CH—
ylene)CH,—
136 O —(CHy),(phen-1,4-ylene)NHC(O)(phen-1,3- —NHC(O)CH=CH—
ylene)CH,—
137 O —{CH,)(phen-1,4-ylene)NHC(O)(phen-1,4- —NHC(O)CH=CH—
ylene)CH,—
133 O —{CH,),(phen-1,4-ylene) NHC(O)CH,O(phen-1,2- —NHC(O)CH=CH—
ylene)CH,—
132 0O —(CH,){phen-1,4-ylene)NHC(O)CH,Olphen-1,3- —NHC(O)CH=CH—
ylene)CH,—
140 O —(CHp);(pken-1,4-ylene) NHC(O)CH,Ofphea-1,4- —NHC(O}CH=CH—
ylene)CH,—
141 O —{(CH,),(phen-1,4-ylene)NHC(O)(fur-2,5-ylene)CH.—  —NHC(Q)CH=CH—
142 O —(CH,)5(phen-1,4-ylene)NHC(O)(thien-2,5- —NHC(O)CH=CH—
ylene)CH,—
143 O —(CH_),(tracs-cyclohex-1,4-ylene)NHC(O)(phen-1,3- —NHC(0)CH=CH—
ylene)CH,— .
144 0O —(CH,);O(phen-1,3-ylene)CH,— —NRC(C)CH==CH—
145 0 —CH,CH(OH)CH,NH(phen-14-ylene)(CHo),— —NHC(O)CH=CH—
196 O —(CH,),NH(phen-1,4-ylenc)(CH,),— —NHC(O)CH=CH—
147 0 —{CH,),C(O}NH(phen-1,4-ylenc)CH,NHC[O)CH,—  —NHC(O)CH=CH—
148 0 —{CH,).C{C)NH(pken-1,4-vlenc)(CH,),NHC(O)CH,—  —NHC(O)CH=CH—
149 O —(CH,),C(O)NHCH,(trans-cyclobex-1,4-ylene)CH,— —NHC(0)CH=CH—
150 0 —(CHy),NHC{O)(CH,)s— ~NHC(O)CH=CH—
151 0 —{CH,),0(phen-1,3-ylene)O(CH),— —NHC(O)CHa=CH—
152 O —{CH,),0(phen-1,2-ylenc)O(CH,),— —NHC(O)CH=CH—
153 O —CH,(phen-1,2-ylene)O(phen-1,2-ylene) CH,— —NHC(O)CH=CH—
154 O —{(CH,),C{ONH(CH,)— —NHC(0)CH=CH—
135 0 —(CH,),NHC(O)(cis-cyclopent-1,3-ylene)- —NHC(O)CH=CH—
156 0 —{CHy)y(phen-1,4-ylene){CHo)— — NHC(O)CH=CH—
137 O —{CH,),(phen-1 4-ylene)(CH,),— —NHC(O)CH=CH—
138 O ~~(CH,),(phen-1,4-ylene)(CH,),— —NHC{O)CH=CH—
139 0 —{CH,)s(furan-2,5-ylene)}(CH,);— ~—NHC(O)CH=CH—
160 O —{(CH,),N(CH;)C(O)NH(phen-1,4-ylene)(CH,),— —NHC(0)CH=CH—
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TABLE I-continued
Ex W R! RS R’
161 0 4[—{CH,)Jipiperidin-1-y)C(O)NH(phen-1,4- —NHC(O)CH=CH—
ylene)(CH,),—

162 O —{CH,);(phen-1,3-ylene)(CH,),— —NHC(0)CH=CH—
163 O —{CH,)(tetrabydrofuran-2,5-yleae)(CH,)y— —NHC(O)CH=CH—
164 O —{CH,):0(phen-1,4-ylene)C(O)(CHy)— —NHC(O)CH—CH—

'In Tables I-I1I, “(racemic)” means the compound is racemic at the chiral carbon bearing the
hydroxyl group in formula V, VI or VIL
“For this group, the nitrogen atom is attached at R® and carbon atom is attached at R'.

{0352} Another particular group of compounds of formula
I are compounds of formula VI;

R]B

RIA

Rl'\

RIC

H
N

\r on
N

0 N
RB

RS

Vi

OH

[6353) wherein W, R RIB RIS R R*B R4 RS

and R” are as defined in Table JI; or a pharmaceuti-
cally acceptable salt or solvate thereof.

TABLE 1l
EX; W RlA RlB RIC R'.'.A RZB R-| R5 R7
165 O H H H Br H —(CH,)y— (racemic) —NHC(O)CH=CH—
i66 O F t H H H —{(CH,)g— —NHC(0)CH=CH—
167 O O H F F  —{CH)— —NHC{O)CH=CH—
%8 OH o ¢ F F  —{CHpj— —NHC(O)CH==CH—
9 OH H H F F  —CHj— —NHC(0)CH=CH—

[0354] Another particular group of compounds of formula
I are compounds of formula

fas]
wn
=]

0 N\

-

R4

RG

Vil

OH

[0355] wherein W, R*, R® and R” are as defined in

Table III; or a pharmaceutically acceptable salt or
solvate thereof.
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TABLE 111

Ex. W R* R® R’

170 O —(CH,),C(O)NH(phen-1,4-ylene)CH,— —NHC[O)CH=CH—
171 O —(CH.),C(O)NH(phen-1,4-ylene)CH,— H —NHC(OMH
172 0 —(CHpy— —NHC(0)CH=CH—
173 0 —(CHy)y— H —NHC(OH
174 O —{CH,),C(O)NH(CH,)— —NHC(O)CH,CH.—
175 0 —(CH,),C(O)NH(CH,).— B —NHC(OH
176 O —(CH,),NHC(O)(CH,)s— —NHC(O)CH=CH—
177 0  —{CH.),NHC{O)(CH,)s— H —NHC{OH
178 O  —{CH,);NHC(O)(phen-1,4-ylene)CEt,— —NHC(O)CH=CH—
179 O —CH,),NHC(O){phen-1,4-ylene)CH,— H  —NHC(O)H
180 O —{CH,)(phen-1,4-ylene)NH(phen-1,4-ylene)(CH),—  —NHC(O)CH=CH—
181 0 —{CH.),NHC(O)(2-chlorcphen-1,4-ylene)CH,—~ —NHC{O)CH=CH—
182 0 —(CH,),NHC(OX2-chloro-$-methoxyphen-1,4- —NHC(O)CH=CH—

vlene)CH,—

[0356] Definitions

[0357] When describing the compounds, compositions,
methods and processes of this invention, the following terms
have the following meanings unless otherwise indicated.

[0358] The term “alky]” means a monovalent saturated
hydrocarbon group which may be linear or branched. Unless
otherwise defined, such alky! groups typically contain from
1 to 10 carbon aloms. Representative alkyl groups include,
by way of example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl,
n-heptyl, n-octyl, n-nonyl, n-decyl and the like.

[0359] The term “alkylene” means a divaient saturated
hydrocarbon group which may be linear or branched. Unless
otherwise defined, such alkylene groups typically contain
from 1 to 10 carbon atoms. Representative alkylene groups
include, by way of example, methylene, ethanc-1,2-diyl
(“ethylene”), propane-1,2-diyl, propane-1,3-diyl, butane-1,
4-diyl, pentane-1,5-diyl and the like.

[0360] The term “alkoxy” means a monovalenl group of
the formula (alkyl}-O—, where alkyl is as defined herein.
Representative alkoxy groups include, by way of example,
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-
butoxy, isobutoxy, tert-butoxy and the like.

[0361] The term “alkenyl” means a monovalent unsatur-
ated hydrocarbon group which may be linear or branched
and which has at least one, and typically 1, 2 or 3, carbon-
carbon double bonds. Unless otherwise defined, such alk-
enyl groups typically contain from 2 to 10 carbon atoms.
Representative alkenyl groups include, by way of example,
ethenyl, n-propenyl, isopropenyl, n-but-2-enyl, n-hex-3-
enyl and the like. The term “alkenylenc” means a divalent
alkenyl group.

[0362] The term “alkyny!” means a monovalent unsatur-
ated hydrocarbon group which may be linear or branched
and which has at least one, and typically 1, 2 or 3, carbon-
carbon triple bonds. Unless otherwise defined, such alkynyl
groups typically contain from 2 to 10 carbon atoms. Rep-
resentative alkynyl groups include, by way of example,
ethynyl, n-propynyl, n-but-2-ynyl, n-hex-3-yoyl and the
like. The term “alkynylene” means a divalent alkyay! group.

[0363] The term “aryl” means a monovalent aromatic
hydrocarbon having a single ring (i.e., phenyl) or fused rings
(1¢., naphthalene). Unless otherwise defined, such aryl

groups typically contain from 6 1o 10 carbon ring atoms.
Representative aryl groups include, by way of example,
phenyl and naphthalene-1-vl, naphthalene-2-yl, and the like.
The term “arylene” means a divalent aryl group.

[0364] The term “azacycloalkyl” means a monovalent
heterocyclic ring conlaining one nirogen atom, ie., a
cycloalkkyl group in which one carbon atom has been
replaced with 2 nitrogen atom. Unless otherwise defined,
such azacycloalkyl groups typically contain from 2 to 9
carbon atoms. Representative examples of an azacycloalkyl
group are pyrrolidinyl and piperidinyl groups. The term
“azacycloalkylene” means a divalent azacycloakyl group.
Represemative examples of an azacycloalkvlene group are
pyrrolidinylene and piperidinylene groups.

[0365] The term “cycloalkyl” means a monovalent safu-
rated carbocyclic hydrocarbon group. Unless otherwise
defined, such cycloalkyl groups typically contain from 3 to
10 carbon atoms. Representative cycloalkyl groups include,
by way of example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like. The term “cycloalkylene™ means a
divalent cycloalkyl group.

[0366] The term “halo” means fluoro, chloro, bromo and
iodo.

[0367] The term “heteroaryl” means @2 monavalent aro-
matic group having a single ring or two fused rings and
containing in the ring at least one heteroatom (typically 1 to
3 heteroatoms) selected from nitrogen, oxygen ar sulfur.
Unless otherwise defined, such heteroaryl groups typically
contain from 5 to 10 1otal ring atoms. Representative het-
croaryl groups include, by way of example, monovalent
species of pyrrole, imidazole, thiazole, oxazole, furan,
thiophene, triazole, pyrazole, isoxazole, isothiazole, pyri-
dine, pyrazine, pyridazine, pyrimidine, triazine, indole, ben-
zofuran, benzothiophene, benzimidazole, benzthiazole,
quinoline, isoquinoline, quinazoline, quinoxaline and ihe
like, where the point of attachment is at any available carbon
or nitrogen ring atom. The term “heteroarylene™ means a
divalent heteroaryl group.

[0368] The term “heterocyclyl” or “heterocyclic” means a
monovalent saturated or unsaturated (non-aromatic) group
having a single ring or multiple condensed rings and con-
taining in the ring at least one heteroatom (typically 1 to 3
hetercatoms) selected from nitrogen, oxvgen or sulfur.
Unless otherwise defined, such heterecyclic groups typically
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contain from 2 to 9 total ring carbon atoms. Representative
heterocyclic groups include, by way of example, monova-
lent species of pyrrolidine, imidazolidine, pyrazolidine, pip-
eridine, 1,4-dioxane, morpholie, thiomorpholine, pipera-
zine, 3-pyrroline and the like, where the point of attachment
is at any available carbon or nitrogen ring atom. The term
“heterocyclene” means a divalent heterocyclyl or heterocy-
clic group.

[0369] When a specific number of carbon atoms is
intended for a particular term used herein, the number of
carbon atoms is shown in parentheses preceding the term.
For example, the term “(1-4C)alkyl” means an alkyl group
having from 1 10 4 carbon atoms.

[0370] The term “pharmaceutically acceptable salt” means
a salt which is acceptable for administration to a patient,
such as a mammal (¢.g., salts having accepiable mammalian
safety for a given dosage regime). Such salts can be derived
from pharmaceutically acceptable inorganic or organic bases
and from pharmaceutically acceptable inorganic or organic
acids. Salts derived from pharmaceutically acceptable inor-
ganic bases inciude ammonium, calcium, copper, ferric,
ferrous, lithium, magresium, manganic, manganous, potas-
sium, sodium, zinc and the like. Particularly preferred are
ammonium, calcium, magnesium, potassium and sodium
salts. Salts derived from pharmacentically acceptable
organic bases include salts of primary, secondary and ter-
tiary amines, including substituted amines, cyclic amines,
naturally-occurring amines and the like, such as arginire,
betaine, caffeine, choline, N,N-dibenzylethylenediamine,
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoet-
hanol, ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperadine, polyamine resins,
procaine, purines, theobromine, tricthylamine, trimethy-
lamine, tripropylamine, tromethamine and the like. Salts
derived from pharmaceutically acceptable acids include
acelic, ascorbic, benzenesulfonic, benzoic, camphosulfonic,
citric, ethanesulfonic, edisylic, fumaric, gentisic, gliconic,
glucoronic, glutamic, hippuric, hydrobromic, hydrochloric,
isethionic, lactic, lactobionic, maleic, malic, mandelic,
methanesulfonic, mucic, naphthalenesulfonic, naphthalene-
1,5-disulfonic, naphthalene-2,6-disulfonic, nicotinic, nitric,
orotic, pamoic, pantothernic, phosphoric, succinic, sulfuric,
tartaric, p-toluenesulfonic, xinafoic and the like. Particularly
preferred are citric, hydrobromic, hydrochloric, isethionic,
maleic, naphthalene-1,5-disulfonic, phosphoric, sulfuric and
tartaric acids.

[0371] The term “salt thereof” means a compound formed
when the hydrogen of an acid is replaced by a cation, such
as a metal cation or an organic cation and the like. Prefer-
ably, the salt is a pharmaceutically acceptable salt, although
this is not required for salts of intermediate compounds that
are not intended for administration to a patient.

[0372] The term “solvate” means a complex or aggregale
formed by one or more molecules of a solute, i.e. a com-
pound of formula I or a pharmaceutically acceptable salt
thereof, and one or more molecules of a solvent. Such
solvates are typically crystalline solids having a substan-
tially fixed molar ratio of solute and sclvent. Representative
solvents include, by way of example, water, methanol,
ethanol, isopropanol, acetic acid and the like. When the
solvent is water, the solvate formed is a hydrale.

[6373] It will be appreciated that the term “or a pharma-
ceutically acceptable salt or solvale or stereoisomer thereof”
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is intended to include all permutations of salts, solvates and
sterecisomers, such as a solvate of a pharmaceutically
acceptable salt of a stereoisomer of a compound of formula
L

[0374] 'The term “therapeutically effective amount” means
an amount sufficient to effect treatment when administered
to a palient in need of treatment.

[0375] The term “treating” or “treatment” as used herein
means the treating or treatment of a disease or medical
condition (such as COPD) in a patient, such as a mammal
(pariicularly 2 human) that includes:

[0376) (a) preventing the disease or medical condi-
tion from occurring, i.e., prophylactic treatment of a
patient;

f0377] (b) ameliorating the disease or medical con-
dition, i.¢., eliminating or causing regression of the
disease or medical condition in a patient;

[0378] (c) suppressing the disease or medical condi-
tion, 1.e., slowing or arresting the development of the
disease or medical condition in a patient; or

[0379] (d) alleviating the symptoms of the disease or
medical condition in a patient.

[0380] The term “leaving group™ means a functional group
or atom which can be displaced by another functional group
or atom in a substitution reaction, such as a nucleophilic
substitution reaction. By way of example, representative
leaving groups include chloro, bromo and iodo groups;
sulfonic ester groups, such as mesylate, tosylate, brosylate,
nosylate and the like; and acyloxy groups, such as acetoxy,
trifluoroacetoxy and the like.

[0381] The term “protected derivatives thereof” means a
derivative of the specified compound in which one or more
functional groups of the compound are protected from
undesired reactions with a protecting or blocking group.
Functional groups which may be protected include, by way
of example, carboxylic acid groups, amino groups, hydroxyl
groups, thiol groups, carbonyl groups and the like. Repre-
sentative protecting groups for carboxylic acids inciude
esters (such as a p-methoxybenzyl ester), amides and
hydrazides, for amino groups, carbamates (such as ten-
butoxycarbonyl) and amides; for hydroxyl groups, ethers
and esters; for thiol groups, thioethers and thioesters; for
carbonyl groups, acetals and ketals; and the like. Such
protecting groups are well-known to those skilled in the art
and are described, for example, in T. W. Greene and G. M.
Wauts, Protecting Groups in Organic Synthesis, Third Edi-
tion, Wiley, New York, 1999, and references cited therein.

[0382] The term “amino-protecting group” means a pro-
tecting group suitable for preventing undesired reactions at
an amino group. Representative amino-protecting groups
include, but are not limited to, teri-butoxycarbonyl (BOC),
trityl (Tr), benzyloxycarbonyl (Cbz), 9-fluorenylmethoxy-
carbonyl (Fmoc), formyl, trimethylsilyl (TMS), tert-bu-
tyldimethylsilyl (TBS), and the like.

[0383] The term “carboxy-protecting group” means a pro-
tecting group suitable for preventing undesired reactions at
a carboxy group. Representative carboxy-protecting groups
include, but are not limited to, esters, such as methyl, ethyl,
tert-butyl, benzyl (Bn), p-methoxybenzyl (PMB), 9-fluroe-
nylmethyl (Fm), trimethylsilyl (TMS), tert-butyldimethylsi-
lyl (TBS), diphenylmethyl (benzhydryl, DPM) and the like.
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[0384] The term “hydroxyl-protecting group” means a
protecting group suitable for preventing undesirable reac-
tions at a hydroxyl group. Representative hydroxyl-protect-
ing groups include, but are not limited to, silyl groups
including tri(1-6C)alkylsilyl groups, such as trimethylsilyl
(TMS), triethylsilyl (TES), tert-butyldimethylsilyl (TBS)
and the like; esters (acyl groups}) including (1-6C)alkanoyl
groups, such as formyl, acetyl and the like; arylmethyl
groups, such as benzyl (Bn), p-methoxybenzyl (PMB),
9-fluorenylmethyl (Fm), diphenylmethyl (benzhvdryl,
DPM) and the like. Additionally, two hydroxyl groups can
also be protected as an alkylideae group, such as prop-2-
ylidine, formed, for example, by reaction with a ketone, such
as acelone.

[0385] General Synthetic Procedures

[0386] The biphenyl derivatives of this invention can be
prepared from readily available starting materials using ihe
following general methods and procedures or by using other
information readily available 10 those of ordinary skill in the
arl. Although a particular embodiment of the present inven-
tion may be shown or described herein, those skilled in the
art will recognize that all embodiments or aspects of the
present invention can be prepared using the methods
described herein or by using other methods, reagents and
starting materials known to those skilled in the art. It will
also be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of
reactants, solvents, pressures, elc.) are given, other process
conditions can also be used unless otherwise stated. While
the optimum reaction conditions may vary depending on the
particular reactants or solvent used, such conditions can be
readily determined by one skilled in the art by routine
oplimization procedures.

[0387] Additionally, as will be apparent to those skilled in
the art, conventional protecting groups may be necessary or
desired to prevent certain functional groups from undergo-
ing undesired reactions. The choice of a suitable protecting
group for a particular functional group as well as suitable
conditions for protection and deprotection of such functional
groups are weil-known in the art. Protecting groups other
than those illustrated in the procedures described herein may
be used, if desired. For example, numerous protecting
groups, and their introduction and removal, are described in
T. W. Greene and G. M. Wuts, Protecting Groups in Organic
Synthesis, Third Edition, Wiley, New York, 1999, and ref-
erences cited therein,

[0388) By way of illustration, the biphenyl derivatives of
1his invention can be prepared by a process compnrising:

[0389] (a) reacting a compound of formula 1:

>Z
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{0390] or a salt thereof; with a cornpound of formula
bl

3%}

op!

H
X!—R*—N

R’ op*

RS

[0391] wherein X* represents a leaving group, and P*
and P? each independently represent a hydrogen
atom or a hydroxyl-protecting group;

[0392] (b) reacting a compound of formula 3:

I X
®)y—r
A (R
v ol )
7 T N NH,
®p— [ RY
x 0

[0393] orsalt thereof; with a compound of formula 4:

or?
x;’.
RS
R? op!
RE

[0394] wherein X? represents a leaving group, and P*
and P* cach independently represent 2 hydrogen
atom or a hydroxyl-protecting group;

[0395] (c) coupling a compound of formula 5:

I =
N /(RB)c
AN “’_/\1 _
N | T \/ SR (A= (R —X
R 0
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[0396] with a compound of formula 6:

P op®

XP—(R¥)e—(AY— R*)—N

RS
R’ 0op¢

R®

[0397) wherein X" and X?® each independently rep-
resent functional groups that couple to form a group
Q, P represents a hydrogen atom or an amino-
protecting group; and P** and P® each independenily
represent a hydrogen atom or a hydroxyl-protecting

group;

[0398] (d) for a compound of formuia I wherein R®
represents a hydrogen atom, reacting a compound of
formula 3 with a compound of formula 7:

OHC

R’ op’

[0399] or a hydrate thereof (e.g., a glyoxal), in the pres-
ence of a reducing agent, wherein P7 represents a hydrogen
atom or a hydroxyl-protecting group;

[0400] (e) reacting a compound of formula 1 with a
compound of formula 8:

o) plo op?

A,
N

H R

RS
R’ op°

R6

[0401] or a hydrate thereof, in the presence of a
reducing agent, wherein P® and P° each indepen-
dently represent a hydrogen atom or a hydroxyl-
protecting group, P'° represents a hydrogen atom or
an amino-protecting group; and R* represents a
residue that, together with the carbon to which it is
attached, affords a group R* upon completion of the
reaction;
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[0402] (D) reacting a compound of formula 9:

g
X
®),—
(R
i Wl )
7 N W— .
@y | T g
N 0

[0403] wherein X® represents a leaving group, with a
compound of formula 10:

10
opi!

PRHN
RS
R‘l OF”

Rr¢

[0404] wherein P** and P'? each independently rep-
resent a hydrogen atom or a hydroxyl-protecting
group, and P'* represents a hydrogen atom or an
amino-protecting group; or

[0405]) (g) reacting a compound of formula 11:

11

AN
®RY— 3
(R
7
L
(R2)n—/ | 1]/ N\R"JLH

[0406] or a hydrate thereof; wherein R* represents a
residue that, together with the carbon to which it is
attached, affords a group R* upon completion of the
reaction; with a compound of formula 10 in the
presence of a reducing agent; and then

[0407] removing any protecting group P*, P%, P°, P,
P P%, S P7, P5, P°, P'°, P*, P** or P" to provide
a compound of formula [; and optionally, forming a
pharmaceutically acceptable sait thereof.

[0408] Generally, if a salt of one of the starting materials
is used in the processes described above, such as an acid
addition salt, the salt is typically neutralized before or during
the reaction process. This neutralization reaction is typically
accomplished by contacting the salt with one molar equiva-
lent of a base for each molar equivalent of acid addition salt.

[0409] In process (a), i.e., the reaction between the com-
pounds of formula 1 and 2, the leaving group represented by
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X' can be, for example, halo, such as chloro, bromo or iodo,
or a sulfonic ester group, such as mesylate or losylate. The
groups P! and P* can be, for example, trimethylsilyl and
benzyl, respectively. This reaction is typically conducted in
an inert diluent, such as acetonitrile, in the presence of a
base. For example, this reaction can be conducted in the
presence of a tertiary amine, such as diisopropylethylamine.
Generally, this reaction is conducted at a temperature in the
range of from 0° C. to 100° C. until the reaction is substan-
tially complete. The reaction product is then isolated using
conventional procedures, such as extraction, recrystalliza-
tion, chromatography and the like.

[0410] Compounds of formula 1 are gencrally known in
the art or can be prepared from commercially available
starting materials and reagents using well-known proce-
dures. For example, compounds of formula I can be pre-
pared by deprotecting a compound of formula 12:

12
| =
R%—
(R%
WL
~ N
(Rz;b_ ‘ \PM
\ )

[0411] wherein P represents an amino-protecting
group, such as a benzyl group. By way of illustration,
a benzyl group can be readily removed by reduction
using, for example, hydrogen or ammonium formate
and a group VIII metal catalyst, such as palladium on
carbon. When W represents NW*, the hydrogenation
reaction is conveniently performed using Pearlman’s
catalyst (i.¢., Pd(OH),).

[0412] Compounds of formula 12 can be prepared by
reacting an isocyanate compound of formula 13;

13

(Rl)a__l—

/ NCO
®— |
A

[0413] with a compound of formula 14:

[0414] Compounds of formula 2 can be prepared by
various procedures described herein or by procedures that

14
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are well-known 1c those skilled in the art. For example, the
hydroxyl group of a compound of formula 23 below, can be
readily converted into a leaving group using well-known
reagents and procedures. By way of illustration, a hydroxyl
group can be converted into a halo group using an inorganic
acid halide, such as thionyl chloride, phosphorous trichlo-
ride, phosphorous tribromide, phosphorous oxychloride and
the like, or a halogen acid, such a hydrogen bromide.

[0415] In process (b), i.e., the reaction of a compound of
formula 3 with a compound of formula 4, the leaving
represented by X2 can be, for example, halo, such as chloro,
bromo or iodo, or a sulfonic ester group, such as mesylate or
tosylate. The groups P® and P* can be, for example, tert-
butyldimethylsilyl and benzyl, respectively. This reaction is
typically conducted in the presence of a base, such as
sodium bicarbonate, and an alkali metal iodide, such as
sodium 1odide. Generally, this reaction 1s conducted in an
inert diluent, such as tetrahydrofuran, al a temperature
ranging from 25° C. to 100° C. until the reaction is sub-
stantially complete. The reaction product is then isolated
using conventional procedures, such as extraction, recrys-
tallization, chromatography and the like.

[0416] Compounds of formula 3 can be prepared by
deprotecting a compound of formula 15: :

(Rh—-
(R).

i L7
LYY
R 6]

[0417] wherein one or bath of P'* and P!° independently
represents a protecting group, such as tert-butoxycarbonyl,
and any remainder represents a hydrogen alom. For
example, a tert-butoxycarbonyl group can be removed by
treating the protected compound with trifluoroacetic acid.

[0418] Compounds of formula 15 can be prepared by
reacting a compound of formula 1 with a compound of
formula 16:

X*—RI—NPUPI® 16

[0419] wherein X represents a leaving group such as
halo, such as chloro, bromo or iode, or sulfonic ester
group, such as mesylate or tosylate. This reaction is
typically conducted by contacting a compound of
formula 1 with a compound of formula 16 in an inert
diluent, such as acetonitrile, DMF or mixtures
thereof, at a temperature ranging from about 0° C. to
about 100° C. until the reaction is substantially
complete.

[0420] Alternatively, compounds of formula 3 can be
obtained by reductive amination of a compound of formula
11. The reductive amination can be performed by reacting
the compound of formula 11 with, for example, benzylamine
and hydrogen in the presence of palladium on carbon.

29
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[0421] Compounds of formula 11 may be prepared by
oxidizing the corresponding alcohol of formula 17:

17

1 AN
(Rl)a_|
(R3)e

J i AN
® | T g

AN

[0422] using a suitable oxidizing agent, such as sulfur
trioxide pyridine complex and dimethyl sulfoxide. This
oxidation reaction is typically conducted in an inert diluent,
such as dichloromethane, the presence of a tertiary amine,
such as diisopropylethylamine, at a temperature ranging
from about -20° C. 10 sbout 25° C.

[0423] Compounds of formula 17 can be prepared by
reacting a compound of formula 1 with a compound of
formula 18:

X*—R*—OH 18

[0424] wherein X? represents a leaving group such as halo,
such as chloro, bromo or iodo, or a sulfonic ester group, such
as mesylate or tosylate.

[0425] Compounds of formula 4 can be prepared by
reacting a compound of formula 19:

19

[0426] with a reducing agent, such as borane. If desired,
such a reduction can be performed in the presence of a chiral
catalyst to provide compounds of formula 4 in chiral form.
For example, compeunds of formula 19 can be reduced in
the presence of a chiral catalyst formed from (R)-(+)-a,a-
diphenyl-2-pyerolidinemethanol and trimethylboroxine; or
alternatively, from (8)<{-)-a,a-diphenyl-2-pyrro-
lidinemethanol  and  trimethylboroxine. The resulting
hydroxyl group can then be protected with a hydroxyl-
protecting group, P?, by reaction with, for example, tert-
butyldimethylsily! trifluoromethanesulfonate.

{0427] Compounds of formuia 19 in which X* represents
a bromine atom can be prepared by reacting a compound of
formula 20
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R’ op!

RS

[0428] with bromine in the presence of a Lewis acid, such
as boron trifluoride diethyl etherate. Compounds of formula
20 are well-known in the art or can be prepared by well-
known procedures using commercially available starting
malerials and reagents.

[0429] Referring to process (c), i€., the reaction of a
compound of formula 5 with a2 compound of formula 6, it
will be appreciated that the groups X2 and X2 should be
selected so as to afford the desired group Q upon completion
of the reaction. For example, when the desired group Q is an
amide group, i.c., —N(Q*)C(0)— or —C(O)N(Q"), one of
X and X can be an amine group (ie., —NHQ* or
—NHQ") and the other can be a carboxyl group (ie.,
—COOH) or a reactive derivative thereof (such as acyl
halide, such as an acyl chloride or acyl bromide). The groups
P**, P*® and P can be, for cxample, benzyl, trimethylsilyl
and benzyl, respectively. When Q is an amide group, the
reaction can be performed under conventional amide cou-
pling conditions. Similarly, when the desired group Q is a
sulfonamide, i.c., —N(Q%)S(0).— or —S(0),N(Q?)-, one
of X% and X" can be an amine group, —NHQ® or —NHQ?
and the other can be a sulfonyl halide group (such as
sulfonyl chloride or sulfonyl bromide).

[0430] Compounds of formula 5 can be prepared by
reacting a compeund of formula I with a compound of
formula 21:

KPR (A (R X 2

[0431] wherein X® represents a leaving group including -

halo, such as chloro, bromo or iodo, and a sulfonic ester
group, such as mesylate or tosylate; and X®* represents X2,
such as a carboxyl group or an amino group NHQ?, or a
protected derivative thereof, such as a (1-6C)alkoxycarbo-
nylamino group or a tert-butoxycarbonylamine group. This
reaction is typicaily conducted by a methed analogous to
that used to prepare compounds of formula 3, followed by
removing any prolecting group in X

[0432] Compounds of formula 6 can be prepared by
reacling a compound of formula 4 with a compound of
formula 22:

XV {R*) (AT (R¥)= X" n
[0433] wherein X® represents a leaving group including
halo, such as chloro, bromo or iodo, and a sulfonic ester
group, such as mesylate or tosylate; and X2 represents
X% such as a carboxyl group or an amino group NHQ®, or
a protected derivative thereof, such as a (1-6C)alkoxycar-
bonyl group or a tert-butoxycarbonylamino group. This
reaction is typically conducted by a method analogous to
that used to prepare compounds of formula 3, followed by
removing any prelecting group in X2
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[0434] Referring to process (d), ie., the reaction of a
compound of formula 3 with a compound of formula 7, any
suitable reducing agent may be used in this reaction. For
example, the reducing agent can be hydrogen in the presence
of a Group VIII metal catalyst, such as palladium on carbon;
or a metal hydride reagent, such as sodium triacetoxyboro-
hydride. The group P’ can be, for example, benzyl. This
reaction is typically conducted in an inert diluent and a
protic solvent, such as a mixture of dichloroethane and
methanol, at a temperature in the range of from 0° C. to 100°
C. until the reaction is substantially complete.

[0435] Compounds of formula 7 in the form of a hydrate
can be prepared by conveational procedures, for example,
by dibrominating a compound of formula 19 (where X* in
this case can also be hydrogen), and then hydrolyzing the
resulting dibromide to form a glyoxal or a hydrate thereof.
For example, a compound of formula 19 can be reacted with
hydrogen bromide and then hydrolyzed with water to form
the corresponding glycxal hydrate.

[0436] Referring to process (e), 1e., the reaction of a
compound of formula 1 with a compound of formula 8, any
suitable reducing agent may be used in this reaction. For
example, the reducing agent may be hydrogen in the pres-
ence of a Group VIII metal catalyst, such as palladium on
carbon; or a metal hydride reagent, such as sodium triac-
etoxyborohydride. The groups P%, P? and P' can be, for
example, trimethylsilyl, benzyl and benzyl, respectively.
Typically, this reduction reaction is conducted in an inert
diluent and a protic solvent, such as dichloroethane and
methanol, at a temperature in the range of from 0° C. to 100°
C. until the reaction is substantially complete.

[0437] Compounds of formula 8 may be prepared by
oxidizing a compound of formula 23:

op8

[0438] using any suitable oxidizing agent, such as sulfur
trioxide pyridine complex and dimethyl sulfoxide. This
reaction is typically conducted in the presence of a tertiary
amine, such as diisopropylethylamine, at a temperature in
the range of from about -20° C. to about 25° C. until the
oxidation is substantially complete.

[0439] Compounds of formula 23 can be prepared by
reacting a compound of formula 10 with a compound of
formula 24:

HO—R*—X’ 24
[0440] wherein X7 represents a leaving group including
halo, such as chloro, bromo or iodo, and a sulfonic ester
group, such as mesylate or tosylate.

[0441] Referring to process (f), i.e., the reaction of a
compound of formula 9 with a compound of formula 10, the
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leaving group represented by X* can be, for example, halo,
such as chloro, bromo or iodo, or a sulfonic ester group, such
as mesylate or tosylate. The groups P'*, P'* and P** can be,
for example, trimethyisilyl, benzyl and benzyl, respectively.
This reaction is typically conducied an inert diluent, such as
acetonitrile, in the presence of a suitable base. For example,
this reaction can be conducted in the presence of a tertiary
amine, such as diisopropylethylamine. Generally, this reac-
tion is conducted al a temperature in the range of from 0° C.
1o 100° C. until the reaction is substantially complete.

[0442] Compounds of formula 2 can be prepared by steps
analogous to those of methods (2) to {¢) herein, starting from
a compound of formula 1. Additionally, compounds of
formula 10 can be prepared from compounds of formula 4
by reaction with an aminc of formula P'>NH,.

[0443] Referring to process (g), ie., the reaction of a
compound of formula 11 with a compound of formula 10,
any suitable reducing agent may be used in this reaction. For
example, the reducing agent may be hydrogen in the pres-
ence of a Group VIII metal catalyst, such as palladiem on
carbon; or a metal hydride reagent, such as sodium triac-
etoxyborohydride. The groups P, P** and P** can be, for
example, tert-butyldimethylsilyl, benzyl and benzyl, respec-
tively. Typically, this reduction reaction is conducted in an
inert diluent and a protic solvent, such as dichloroethane and
methanol, at a temperature in the range of from 0° C. 10 100°
C. until the reaction is substantially complete.

[0444] Compounds of formula 11 are readily prepared by
oxidation of the corresponding alcohol or by hydrolysis of
the corresponding acetal. Any suitable oxidizing agent may
be employed in this reaction to provide the aldehyde, such
as sulfur trioxide pyridine complex and dimethyl sulfoxide.
The acetal may be hydrolyzed under conventional condi-
tions using agueous acid io provide the aldehyde.

[0445] In a particular embodiment, certain compounds of
formula I are prepared by a process comprising:

[0446] (h) deprotecting a compound of formula 25:

25
w0
® )1_| R
(R)e
7 17 18
H P’ or
N w—/\ j |
N, N
® | \'Or e
RS
op?
CH,0PY

[0447] wherein P represents a hydrogen atom or an
amino-protecting group; and each of P8, P** and P*°
independently represent a hydrogen alom or a
hydroxyl-protecting group; provided that at least one
of PY7, P8, P'® or P is a protecting group;
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[0448] (i) deprotecting a compound of formula 26:

26
“®RY,
(R%).
1 WL
wnl ] \r \ AN
Q &5
op%

NH

[0449] wherein P*' represents a hydrogen atom or an
amino-protecting group; and each of P** and P**
independently represent a hydrogen atom or a
hydroxyl-protecting group; provided that at least one
of P*!, P** or P*? is a protecting group; or

[0450] (j) deprotecting a compound of formula 27

27
(Rl)a
(R
H p#  op®
(wl
®p | T N
0 R!
RS
op%

{0451} wherein P** represents a hydrogen atom or an
amino-protecting group; and each of P and P*¢
independently represent a hydrogen atom or a
hydroxyl-protecting group; provided that at least one
of P**, P* or P*® s a protecling group.

[0452] 1o provide a compound of formuia I and,
optionally, forming a pharmaceutically acceptable
salt of the compound of formula 1.

[0453] Referring to process (h), examples of particular
values for P'7, P**, P' and P*° are: for P*7, hydrogen or
benzyl; for F’18 hydrogen or tert-bulyldlmelhylsﬂyl and for
P*® and P> hydrogea or benzyl, or together propylidine. In
this process, benzyl protecting groups are comveniently
removed by catalytic hydrogenation in the presence of a
Group VI metal catalyst, such as palladium on carbon; a
tert-butyldimethylsilyl group is conveniently removed by
treatment with hydrogen fluoride, such as triethylamine
trihydrofluoride; and a propylidine group is conveniently
removed by treatment with an acid, such as trifluoroacetic
acid.

[0454] Compounds of formula 25 can be prepared by the
methods described herein, such as by processes (a) 10 (g).
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Alternatively, compounds of formula 25 can be prepared by
reacting a compound of formula 28:

®)%—
(R)
/ P“ P

[0455] wherein R® represents —CH,OP*®, —CHO,
—COOH or —((0)0O(1-6C)alkoxy, such as car-
bomethoxy, R represents —OP*® and R*° represents
a hydrogen atom, or R® and R* together represent
=0, with a reducing agent. Any suitable reducing
agent may be used in this reaction including, by way
of example, metal hydride reducing agents, such as
sodium borohydride, lithium aluminum hydride and
the like.

{0456] Compounds of formula 28 in which R® and R'°
together represent a =0 group can be readily prepared by
reacting 2 compound of formula 2%:

29

(R l)a _I
(R)e

i /j
(R%—— T \/ ™

[0457] or a salt thereof, with a compound of formula
30:

30

X8

op%?

COR?

0458] wherein X® represents a leaving group, such
p
as a bromo.

[0459] Referring to process (i), examples of particular
values for P, P* and P* are: for P*, hydrogen or benzyl;
for P** hydrogen or tert-butyldimethylsilyl; and for P**
hydrogen or benzyl. In this process, benzyl protecting
groups are conveniently removed by catalytic hydrogenation
in the presence of a Group VIII metal catalyst, such as
palladium on carbon; and a tert-butyldimethylsilyl group is

A4C
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conveniently removed by treatment with hydrogen fluoride,
such as triethylamine trihydrofluoride. Compounds of for-
mula 26 can be prepared by the methods described herein,
such as by processes (a) to (g).

[0460] Referring to process (i), examples of particular
values for P*4, P** and P are: for P**, hydrogen or benzyl;
for P** hydrogen or tet-butyldimethylsilyl, and for P¢
hydrogen or benzyl. In this process, benzyl protecting
groups are conveniently removed by catalytic hydrogenation
in the presence of a Group VIII metal catalyst, such as
palladium on carbon; and a tert-butyldimethylsilyl group is
conveniently removed by treatmeat with hydrogen fluoride,
such as triethylamine trihydrofluoride. Compounds of for-
mula 27 can be prepared by the methods described herein,
such as by processes (a) 10 (g).

[0461]) Additicnelly, compounds of formula I in which R®
and R” together form —NR78C(0)—CR™R""—CR"R™*—
or —CR"R™—CR7R™—C(0)—NR”— may be pre-
pared by reducing a corresponding compound of formula I
in which R® and R’ together form —NR”*C{0)}—
CR™=CR"— or —CR™=CR™—C(0)—NR"—, for
example by catalytic hydrogenation as described in Example
6 hereinafter. .

[0462] Further details regarding specific reaction condi-
tions and other procedures for preparing representative
compounds of this invention or intermediates thereof are
described in the Examples set forth below,

[0463] Pharmaceutical Compositions and Formulations

[0464] The biphenyl derivatives of this invention are typi-
cally administered to a patient in the form of a pharmaceu-
tical composition or formulation. Such pharmaceutical com-
positions may be administered to the paticnt by any
acceplable route of administration including, but not limited
1o, inhaled, oral, nasal, topical (including transdermal) and
parenteral modes of administration. It will be understood
that any form of the compounds of this invention, (i.e., free
base, pharmaceutically acceplable salt, solvate, elc.) that is
suitable for the particular mode of administration can be
used in the pharmaceutical compositions discussed herein.

[0465] Accordingly, in one of its compositions aspects,
this invention is directed to a pharmaceutical composition
comprising a pharmaceutically acceptable carrder or excipi-
ent and a therapeultically effective amouat of a compound of
formula [, or 2 pharmaceutically acceptable salt thereof.
Opticnally, such pharmaceutical compositions may contain
other therapeutic and/or formulating agents if desired.

[0466] The pharmaceutical compositions of this invention
typically contain a therapeutically effective amount of a
compound of the present invention or a pharmaceutically
acceptable salt thereof. Typically, such pharmaceutical com-
positions will contain from about 0.01 to about 95% by
weight of the active agent; including, from about 0.01 to
about 30% by weight; such as from about 0.01 to about 10%
by weight of the aciive agent.

[0467] Any conventional carrier or excipienl may be used
in the pharmaceutical compositions of this inveation. The
choice of a particular carrier or excipient, or combinations of
carrters or exipients, will depend on the mode of adminis-
tration being used to treat a particular patient or type of
medical condition or disease state. In this regard, the prepa-
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ration of a suitable pharmaceutical composition for a par-
ticular mode of administration is well within the scope of
those skilled in the pharmaceutical aris. Additionally, the
ingredients for such compositions are commercially avail-
able from, for example, Sigma, P.O. Box 14508, St. Louis,
Mo. 63178. By way of further illustration, conventional
formulation techniques are described in Remington: The
Science and Practice of Pharmacy, 20" Edition, Lippincott
Williams & White, Baltimore, Md. (2000); and H. C. Anscl
et al., Pharmaceutical Dosage Forms and Drug Delivery
Systems, 7™ Edition, Lippincott Williams & White, Balu-
more, Md. (1999).

[0468] Representative examples of materials which can
serve as pharmaceutically acceptable carners include, but
are not limited 1o, the following: (1) sugars, such as lactose,
glucose and sucrose; (2) slarches, such as corn starch and
potato starch; (3) cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose and cellu-
lose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin;
(7) talc; (8) excipients, such as cocoa butler and suppository
waxes; (9) oils, such as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive oil, corn oil and soybean oil; (10)
glveols, such as propylene glycol; (11) polyocls, such as
glycerin, sorbitol, mannitol and polyethylene glycol; (12)
eslers, such as ethyl oleate and cthyl laurate; (13) agar; (14)
buffering agents, such as magnesium hydroxide and alumi-
num hydroxide; (15) alginic acid; {16) pyrogen-free water;
(17) isotonic saline; (18) Ringer’s solution; (19) ethy! alco-
hol; (20) phosphate buffer solutions; (21) compressed pro-
pellant gases, such as chlorofluorocarbons and hydrofluoro-
carbons; and (22) other non-toxic compatible subsiances
emploved in pharmaceutical compositions.

[0469] The pharmaceutical compositions of this invention
are typicaily prepared by thoroughly and intimately mixing
or blending a compound of the invention with a pharma-
ceutically acceptable carrier and one or more optional ingre-
dients. If necessary or desired, the resulting uniformly
blended mixture can then be shaped or loaded into tablets,
capsules, pills, canisters, cartridges, dispensers and the like
using conventional procedures and equipment.

[0470] In one embodiment, the pharmaceutical composi-
tioos of this invention are suitable for inhaled administra-
tion. Suitable pharmaceutical compositions for inhaled
administration will typically be in the form of an acrosol or
a powder. Such compositions are generally administered
using well-known delivery devices, such as a nebulizer
inhaler, a metered-dose inhaler (MDI), a dry powder inhaler
(DPI) or a similar delivery device.

[0471] In a specific embodiment of this invention, the
pharmaceutical composition comprising the active agent is
administered by inhalation using a nebulizer inhaler. Such
nebulizer devices typically produce a stream of high velocity
air that causes the pharmaceutical composition comprising
the active agent to spray as a misl that is carried into the
patient’s respiratory tract. Accordingly, when formulated for
use in a nebulizer inhaler, the active agent is typically.
dissolved in a suilable carrier 1o {orm a solution. Alterna-
tively, the active agent can be micronized and combined
with a suitable carrier to form a suspension of micronized
particles of respirable size, where micronized is typically
defined as having about 90% or more of the particles with a
diameter of less than about L0 um. Suitable nebulizer

L
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devices arc provided commercially, for example, by PARI
GmbH (Starnberg, German). Other nebulizer devices
include Respimat (Bochringer Ingelheim) and those dis-
closed, for example, in U.S. Pai. No. 6,123,068 and WO
97/12687.

[0472] A representative pharmaceutical composition for
use in a nebulizer inhaler comprises an isotonic aqueous
solution comprising from about 0.05 pg/mL to about 10
mg/mL of a compound of formula [ or a pharmaceutically
acceptable salt or solvate or sterecisomer thereof,

[0473] In another specific embodiment of this invention,
the pharmaceutical composition comprising the active agent
is administered by tnhalation using a dry powder inhaler.
Such dry powder inhalers typicaily administer the active
agent as a free-flowing powder that is dispersed in a patient’s
air-stream during inspiration. In order to achieve a free
flowing powder, the active agent is typically formulated with
a suitable excipient such as lactose or starch.

[0474] A representative pharmaceutical composition for
use in a dry powder inhaler comprises dry lactose having a
particle size between about 1 ym and about 100 um and
micronized particles of a compound of formula I, or a
pharmaceuiically acceptable salt or solvate or sterecisomer
thereof.

[0475] Such a dry powder formulation can be made, for
¢xample, by combining the lactose with the active agent and
then dry blending the compoaents. Alternatively, if desired,
the active agent can be formulated without an excipient. The
pharmaceutical composition is then typically loaded into a
dry powder dispenser, or into inhalation cartridges or cap-
sules for use with a dry powder delivery device.

[0476]) Examples of dry powder inhaler delivery devices
include Diskhaler (GlaxoSmithKline, Research Triangle
Park, N.C)) (see, c.g., US. Pat. No. 5,035,237); Diskus
(GlaxoSmithKline) (see, e.g., U.S. Pat. No. 6,378,519; Tur-
buhaler (AstraZeneca, Wilminglton, Del.) (see, ¢.g., U.S. Pat.
No. 4,524,769); Rotahaler {GlaxoSmithKline) (sce, e.g.,
U.S. Pat. No. 4,353,365) and Handihaler (Boehringer Ingel-
heim). Further examples of suitable DPl devices are
described in U.S. Pat. Nos. 5,415,162, 5,239,993, and 5,715,
810 and references cited therein.

[0477] In yet another specific embodiment of this inven-
tion, the pharmaceutical composition comprising the active
agent is administered by inhalation using a metered-dose
inhaler. Such metered-dose inhalers typically discharge a
measured amount of the active agent or a pharmaceutically
acceplable salt thereof using compressed propellant gas.
Accordingly, pharmaceutical compositions administered
using a metered-dose inhaler typically comprise a solution
or suspension of the active agent in a liquefied propellant.
Auny suitable liquefied propellant may be employed includ-
ing chlorofluorocarbons, such as CCL4F, and bydrofluoroal-
kanes (HFAs), such as 1,1,1,2-tetrafluorcethane (HFA 134a}
and 1,1,1,2,3,3,3-heptafluoro-n-propane, (HFA 227). Due to
concerns about chlorofluorocarbons affecting the ozone
layer, formulations containing HFAs are generally preferred.
Additional optional components of HFA formulations
include co-solvents, such as ethanol or pentane, and surfac-
tants, such as sorbitan trioleate, oleic acid, lecithin, and
glycerin. See, for example, US. Pat. No. 5,225,183, EP
0717987 A2, and WO 92/22286.
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[0478] A representative pharmaceutical composition for
use in a metered-dose inhaler compnses from about 0.01%
to about 5% by weight of a compound of formula [, or a
pharmaceutically acceptable salt or solvate or stereoisomer
thereof; from about 0% to about 20% by weight ethanol; and
from about 0% to about 5% by weight surfactant; with the
remainder being an HFA propellant.

[0479] Such compositions are typically prepared by add-
ing chilled or pressurized hydrofluoroalkane to a suitable
container containing the active agent, ethanol (if present)
and the surfactant (if present). To prepare a suspensicn, the
active agent is micronized and then combined with the
propellant. The formulation is then loaded into an aerosol
canister, which forms a portion of a metered-dose inhaler
device. Examples of meiered-dose inhaler devices devel-
oped specifically for use with HFA propellants are provided
in U.S. Pat. Nos. 6,006,745 and 6,143,277. Alternatively, a
suspension formulation can be prepared by spray drying a
coaling of surfactant on micronized particles of the active
agent. See, for example, WO 99/53901 and WO 00/61108.

[0480] For additional examples of processes of preparing
respirable particles, and formulations and devices suitable
for inhalation dosing se¢ U.S. Pat. Nos. 6,268,533, 5,983,
956, 5,874,063, and 6,221,398, and WO 99/55319 and WO
00/30614.

[0481] In another embodiment, the pharmaceutical com-
positions of this invention are suitable for oral administra-
tion. Suitable pharmaceutical compositions for oral admin-
istration may be in the form of capsules, tablets, pills,
lozenges, cachets, dragees, powders, granules; or as a solu-
tion or a suspension in an aqueous or non-aqueous liquid; or
as an oil-in-water or water-in-oil liqutd emulsion; or as an
elixir or syrup; and the like; each containing a predetermined
amount of a compound of the present invention as an active
ingredient.

[0482] When intended for oral administration in a solid
dosage form (i.e., as capsules, tablets, pills and the like), the
pharmaceutical compositions of this invention will typically
comprise a compound of the present invention as the active
ingredient and one or more. pharmaceutically acceptable
carriers, such as sodium citrate or dicalcium phosphate.
Optionally or alternatively, such solid dosage forms may
also comprise: (1) fillers or extenders, such as starches,
lactose, sucrose, glucose, mannitol, and/or silicic acd; (2)
binders, such as carboxymethylcellulose, alginates, gelatin,
polyvinyl pyrrolidone, sucrose and/or acacia; (3) humec-
1ants, such as glycerol; (4) disintegrating agents, such as
agar-agar, calcium carbonate, potato or tapioca slarch, alg-
Inic acid, cerlain silicates, and/or sodium carbonate; (5)
solution retarding agenis, such as paraffin; (6) absorption
accelerators, such as quaternary ammonium compounds; (7)
wetting agents, such as cetyl alcohol and/or glycerol
monostearate; {8) absorbents, such as kaolin and/or bento-
nite clay; (9) lubricants, such as tale, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and/or mixtures thereof; (10) coloring agents;
and (11) buffering agents.

[0483] Relcase agents, welling agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives
and antioxidants can aiso be present in the pharmaceutical
compositions of this invention. Examples of pharmaceuti-
cally acceptable antioxidants include: (1) water-soluble anti-
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oxidants, such as ascorbic acid, cysteine hydrochloride,
sodium bisulfate, sodium metabisulfate sodium sulfite and
the like; (2) oil-soluble antioxidants, such as ascorbyl palmi-
tate, butylaied hydroxyanisole (BHA), butylated hydroxy-
toluene (BHT), lecithin, propyl gallate, alpha-tocopherol,
and the like; and (3} meial-chelating agents, such as citric
acid, ethylencdiamine tetraacetic acid (EDTA), sorbitol,
tartaric acid, phasphoric acid, and the like. Coating agents
for tablets, capsules, pills and like, include those used for
enleric coatings, such as cellulose acetate phthalate (CAP),
polyvinyl acetate phthalate (PVAP), hydroxypropyl methyl-
cellulose phthalate, methacrylic acid-methacrylic acid ester
copolymers, cellulose acetate trimellitate (CAT), carboxym-
ethyl ethyl cellulose (CMEC), hydroxypropyl methyl cellu-
lose acetate succinate (HPMCAS), and the like.

[0484] If desired, the pharmaceutical compositions of the
preseat invention may also be formulated to provide slow or
conlrolled release of the active ingredient using, by way of
example, hydroxypropyl methyl cellulose 1o varying pro-
portions; or other polymer malrices, liposomes andfor
microspheres.

[0485] 1naddition, the pharmaceutical compositions of the
present invention may optionally contain opacifying agents
and may be formulated so that they release the active
ingredient only, or preferentially, in a certain portion of the
gasirointestinal tracl, optionally, in a delayed manner.
Examples of embedding compositions which can be used
include polymeric substances and waxes. The active ingre-
dient can also be in micro<ncapsulated form, if appropriate,
with one or more of the above-described excipicnts.

[0486] Suitable liquid dosage forms for oral administra-
tion iuclude, by way of illustration, pharmaceutically acoept-
able emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. Such liquid dosage forms 1ypically com-
prise the active ingredient and an inert diluent, such as, for
example, waler or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acelate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (esp., cottonseed,
groundnut, corn, germ, olive, castor and sesame oils), glyc-
erol, tetrahydrofuryl alcohol, polyethylene glycols and fatty
acid esters of sorbitan, and mixtures thereof. Suspensions, in
addition to the active ingredient, may contain suspending
agenls such as, for example, ¢thoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystal-
line cellulose, aluminium metahydroxide, bentonite, agar-
agar and tragacanth, and mixtures thereof.

{0487} When intended for oral administration, the phar-
maceutical compositions of this invention are preferably
packaged in a unit dosage form. The term “unit dosage
form” means a physically discrete unit suitable for dosing a
patienl, 1.e., each umt containing a predetermined quantity of
active agenl calculated to produce the desired therapeutic
effect cither alone or in combination with one or more
additional units. For example, such unit dosage forms may
be capsules, tablets, pills, and the like.

{0488] The compounds of this invention can also be
administered ransdermally using known transdermal deliv-
ery sysiems and excipents. For example, a compound of this
invention can be admixed with permeation enhancers, such
as propylene glycel, polyethylene glycolm monolaurate,
azacycloaikan-2-ones and the like, and incorporaied into a
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patch or similar delivery system. Additional excipients
mncluding gelling agents, emulsifiers and buffers, may be
used in such transdermal compositions if desired.

[0489] The pharmaceutical compositions of this invention
may aiso contain other therapeutic agenis that are co-
administered with a compouad of formula I, or pharmaceu-
tically accepiable salt or solvate or stereoisomer thereof. For
example, the pharmaceutical compositions of this invention
may further comprise one or more therapeulic agents
selecied from other bronchodilators (e.g., PDE, inhibitors,
adenosine 2b modulalors and B, adrencrgic receptor ago-
nists); anti-inflammatory agents (e.g. steroidal anti-inflam-
matory agents, such as corticosteroids; non-steroidal anti-
inflammatory agents (NSAIDs), and PDE, inlubitors}); other
muscarinic receptor antagenists (ie., antichlolinergic
agents); antiinfective agents (e.g. Gram positive and Gram
negative antibiotics or antivirals); antihistamines; protease
inhibitors; and afferent blockers (e.g., I, agonisis and nev-
rokinin modulators). The other therapeutic agents can be
used in the form of pharmaceutically acceptable salts or
solvates. Additionally, if appropriate, the other therapeutic
agents can be used as optically pure stereoisomers.

[0490] Representative P, adrenergic receptor agonists that
can be used in combination with, and in addition to, the
compounds of this invention include, but are not limited o,
salmeterol, salbutamol, formoterol, salmefarnol, fencterol,
terbutaline, albuterol, isoetharine, metaproterenol, bitolterol,
pirbuterol, levalbuterol and the hke, or pharmaceutically
acceplable salts thereof. Other B, adrenergic receptor ago-
nists that can be used in combination with the compounds of
this invention include, but are nol limited to, 3-(4-{[6-
({(2R)-2-hydroxy-2-{4-hydroxy-3-(hydroxymethyl)-phe-
nyllethyl}amino)-hexyljoxy}butyl)benzenesulfonamide
and 3-(-3-{[7-({(2R)-2-hydroxy-2-[4-tydroxy-3-(hy-
droxymethyl)phenyi]etbyl}-amino)heptyl Joxy}-propyl-
)benzeresulfonamide and related compounds disclosed in
WO 02/066422, published on Aug. 29, 2002; 3-[3-(4-{[6-(
[(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyl]
ethyl }amino)bexytJoxy }butyl)-phenyl]imidazolidine-2,4-
dione and related compounds disclosed in WO 02/070490,
published Sep. 12, 2002; 3-(4-{[6-({(2R)-2{3-(formy-
lamino)-4-hydroxyphenyl]-2-hyvdroxyethyl}amino)hexyl]
oxy}butyl)-benzenesulfonamide,  3-(4-{[6-({(25)-23-
(formylamino)-4-hydroxyphenyi]-2-
hydroxyethyl}amino)hexylJoxy ) butyl)-
benzenesulfonamide, 3-(4-{[6-({(2R/S)-2-[3-
(formylamino)-4-hydroxyphenyl]-2-
bydroxyethyl}amino)hexylJoxy}butyl)-
benzenesulfonamide, N-(tert-butyl)-3-(4-{[6-({(2R}-2-{3-
(formylamino)-4-hydroxyphenyl}-2-hydroxyethyl}
amino)hexyl]-oxy }butyl)benzenesulfonamide, N-(tert-bu-
1yD)-3-(d-{[6-({(2S)-2{3-(formylamino)-4-hydroxyphenyl}-
2-hydroxyethy! }amino)-hexylJoxy }butyl)-benzenesulfona-
mide, N-(tert-butyl)-3-(4-{[6-({(2R/S)- 2-[3-(formylamino)-
4-hydroxyphenyl]-2-hydroxyethyl}amino)hexyl]-

oxy }butylbenzenesulfonamide and related compounds
disclosed in WO 02/076933, published on Oct. 3, 2002;
4-{(1R)-2{(6-{2-[(2,6-dichlorobenzyl)oxy]

ethoxy thexyl)amino]- L -hydroxyethyl}-2-(hydroxymeth-
ylphenol and related compounds disclosed in WO
03/024439, published on Mar. 27, 2003; and pharmaceuti-
cally acceplable salis thercof. When employed, the
f.-adrenorecepior agonist will be present in the pharmaceu-
tical composition in a therapeutically effective amount.



US 2004/0167167 Al

Typically, the B.-adrenoreceptor agonist will be present in
an amount sufficient to provide from about 0.05 pg 10 about
500 g per dose.

[0491] Representative steroidal anti-inflammatory agents
that can be used in combination with the compounds of this
invention include, but are not limited to, methyl predniso-
lone, prednisolone, dexamethasone, fluticasone propionate,
6,9-diftuoro-17-{(2-furanylcarbonyl)oxy]-11-hydroxy-16-
methyl-3-oxoandrosta-1,4-diene-17-carbothioic acid S-flua-
romethyl ester, 6,9-difleoro-11-hydroxy-16-methyl-3-oxo-
1 7-propionyloxyandrosta-1,4-diene-17-carbothioic  acid
S-(2-oxo-tetrahydrofuran-3S-yljester, beclomethasone
esters (e.g. the 17-propionate ester or the 17,2 1-dipropionate
ester), budesonide, flunisolide, mometasone esters {e.g. the
furoate ester), triamcinolone acetonide, rofleponide,
ciclesonide, butixocort propionate, RPR-106541, ST-126
and the like, or pharmaceutically-acceptable salts thercof.
When employed, the steroidal anti-inflammatory agent will
be present in the pharmaceutical composition in a therapeu-
nucally effective amount. Typically, the steroidal anti-inflam-
matory agent will be present in an amount sufficient 1o
provide from about 0.05 ug 1o about 500 ug per dose.

[0492] Other suitable combinations include, for example,
other anti-inflammatory agents, e.g., NSAIDs (such as
sodium cremoglycate; nedocromil sodium; phosphodi-
esterase (PDE) inhibitors (e.g. theophylline, PDE4 nhibitars
or mixed PDE3/PDE4 inhibitors); leckolriene antagonists
(¢.g. monteleukast); inhibitors of leukotriene syathesis,
iNOS inhibitors; protease inhibitors, such as tryptase and
elastase inhibitors; beta-2 integrin antagonists and adenosine
receplor agonists or antagonists (€.g. adenosine 2a agonists);
cytokine antagonists (e.g. chemokine antagonists such as, an
imerleukin antibody (IL antibody), specitically, an 1L-4
therapy, an IL-13 therapy, or a combination thereof); or
inhibitors of cytokine synthesis.

[0493] For example, representative phosphodiesterase-4
(PDEA) inhibitors or mixed PDE3/PDE4 inhibitors lhat can
be used in combination with the compounds of this inven-
tion include, but are not limited to cis 4-cyano-4+(3-cyclo-
pentyloxy-4-methoxyphenyl)cyclohexan-1-carboxylic acid,
2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-dif-
lucromethoxyphenyl)cyclohexan-1-one; cis-[4-cyano-4-(3-
cyclopropylmethoxy-4-diflucromethoxyphenyljcyclo-
hexan-1-01]; cis-4-cyane-4-[ 3-(cyclopentyloxy)-4-
methoxyphenyljcyclohexane-1-carboxylic acid and the like,
or pharmaceutically acceptable salts thereof. Other repre-
sentative PDE4 or mixed PDE4/PDE3 inhibitors include
AWD-12-281 (elbion); NCS-613 (INSERM); D-4418 (Chi-
roscience and Schering-Plough), CI-1018 or PD-168787
(Pfizer); benzodioxole compounds disclosed in W039/
16766 (Kyowa Hakko); K-34 (Kyowa Hakko); V-11204A
(Napp); reflumilast (Byk-Gulden); pthalazinone compounds
disclosed in W099/47505 (Byk-Gulden); Pumafentrine
(Byk-Gulden, now Altana), arofylline (Almirall-Prodes-
farma); VM554/UMS65 (Vernalis); -T-440 (Tanabe Sely-
aku); and T2585 (Tanabe Seiyaku).

[0494] Representative muscarinic antagonists (i¢., anfi-
cholinergic agents) that can be used in combination with,
and in addition to, the compounds of this invention include,
but are not limited to, atropine, atropine suifate, atropins
oxide, methylatropine nitrate, lomatropine hydrobromide,
hyoscyamine (d, 1) hydrobromide, scopolamine hydrobro-
mide, ipratropium bromide, oxitropium bromide, tiolropium
bromide, methantheline, propantbeline bromide, anisotro-
pine methyl bromide, clidinium bromide, copyrrolate (Rob-
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inul), isopropamide iodide, mepenzolate bromide, tridihex-
ethyl chloride (Pathilone), hexocyclium methylsulfate,
cyclopentolate hydrochloride, tropicamide, tribexyphenidyl
hydrochloride, pirenzepine, telenzepine, AF-DX 116 and
methoctramive and the like, or a pharmaceutically accept-
able sali thereof; or, for those compounds listed as a salt,
alternaie pharmaceutically acceptable salt thereof.

[0495] Representative antihistamioes (i.c., H,-receptor
aniagonists) that can be used in combination with the
compounds of this invention include, but are not limited to,
ethanolamines, such as carbinoxamine maleate, clemastine
fumarate, diphenylhydramine hydrochloride and dimenhy-
drinate; ethylenediamines, such as pyrilamine amleate,
tripelennamine hydrochloride and tripelennamine citrate;
alkylamincs, such as chlorpheniramine and acrivastine; pip-
erazines, such as hydroxyzine hydrochlonde, hydroxyzine
pamoate, cyclizine hydrochloride, cyclizine lactate, mecliz-
ine hydrochloride and cetirizine hydrochloride; piperidines,
such as astemizole, levocabastine hydrochloride, loratadine
or its descarbocthoxy analogue, terfenadine and fexofena-
dine hydrochloride; azelastine hydrochloride; and the like,
or a pharmacewtically acceptable salt thereof, or, for those
compounds listed as a sall, alternate pharmaceutically
acceplable salt thereof.

[0496) Suitable doses for the other therapeutic agents
administered in combination with a compound of the inven-
tion are in the range of about 0.05 g/day to about 100
mg/day.

[0497] The following formulations illustrate representa-
tive pharmaceutical compositions of the present invention:

Formulation Example A

[0498] A dry powder for administralion by inhalation is
prepared as follows:

Ingredients Amount
Compound of the javention 0.2 mg
Lactose 25 mg

[0499] Representative Procedure: The compound of the
invention is micronized and then blended with lactose. This
blended mixture is then loaded into a gelatin inhalation
cartridge. The contents of the cartridge are administered
using a powder inhaler.

Formulation Example B

[0500] A dry powder formulation for use in a dry powder
inhalation device is prepared as follows:

[0501] Representative Procedure: A pharmaceutical com-
position is prepared baving a bulk formulation ratio of
nricronized compouad of the invention 1o lactose of 1:200.
The composition is packed into a dry powder inhalation
device capable of delivering between about 10 xg and about
100 ug of the compound of the inveaiion per dose.

Formulation Example C

[0502] A dry powder for administration by inhalation in a
metered dose inhaler is prepared as follows:

[0503] Representative Pracedure: A suspension containing
5 wt. % of a compound of the inveation and 0.1 wt. %
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lecithin is prepared by dispersing 10 g of the compound of
the invention as micronized particles with mean size less
than 10 um in a solution formed from 0.2 g of lecithin
dissolved in 200 mL of demineralized water. The suspension
is spray dried and the resulting material is micronized 1o
particles having a mean diameter less than 1.5 gm. The
particles are loaded into cartridges with pressurized 1,1,1,
2-tetraflucroethane.

Fermulation Example D

[0504] A pharmaceutical composition for use in a metered
dose inhaler is prepared as follows:

[0505]) Representative Procedure: A suspension containing
5% compound of the invention, 0.5% lecithin, and 0.5%
trehalose is prepared by dispersing 5 g of active ingredient
as micronized particles with mean size Jess thap 10 m in a
colloidal solution formed from 0.5 g of trehalose and 0.5 g
of lecithin dissolved in 100 mL of demineralized water. The
suspension is spray dried and the resulting materal is
micronized 1o particles having a mean diameter less than 1.5
pm. The particles are loaded into canisters with pressurized
1,1,1,2-tetrafluoroethane.

Formulation Example E

[0506] A pharmaceutical composition for use in a nebu-
lizer inhaler is prepared as follows:

[0507] Representative Procedure: An aqueous aerosol for-
mulation for use in a nebulizer is prepared by dissolving 0.1
mg of the compound of the invention in 1 mL of a 0.9%
sodivm chloride solution acidified with citric acid. The
mixture is stirred and sonicated until the active ingredient is
dissolved. The pH of the solution is adjusted to a value in the
range of from 3 to 8 by the slow addition of NaOH.

Formulation Example F

[0508] Hard geiatin capsules for oral administration are
prepared as follows:

Ingredients Amount
Compound of the iaventicn 230 mg
Lactose (spray-dried) 200 mg
Magnesium sicarate 10 mg

[0509] Representative Procedure: The ingredients are
thoroughly blended and then loaded into a hard gelatin
capsule (460 mg of compasition per capsule).

Formulation Example G

[0510] A suspension for oral administration is prepared as
follows:

Ingredients Arouat
Compound of the invention 10¢g
Fumaric aeid 05g
Sodium chloride 20¢g
Methyl paraben 015g
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-continued
Ingredients Amaount
Propyl paraben 005 ¢
Granulated sugar 255¢
Sorbitol (70% solution) 1285 ¢
Veegum k (Vanderbilt Co.) 10g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water gs. ta
100 mL

[0511] Represemative Procedure: The ingredients are
mixed to form a suspension conlaining 100 mg of active
ingredient per 10 mL of suspension.

Formulation Example H
[0512] An injectable formulation is prepared as follows:

Ingredients Amount
Compound of the investion 02g
Sodium acetate buffer solution (0.4 M) 20mL
HCI (0.5 N) or NaOH (0.5 N) qs. topH 4
Water (distilled, sterile) q.s. to

20 mL

[0513] Representative Procedure: The above ingredients
are blended and the pH is adjusted to 4+0.5 using 0.5 N HCl
or 0.5 N NaOH.

[0514] Utility

[0515] The biphenyl derivatives of this invention possess
both B, adrenergic receptor agonisi and muscarinic receptor
antagonist activity and therefore, such compounds are useful
for treating medical conditions mediated by fi, adrenergic
receplors or muscarinic receplors, i.e., medical conditions
that are ameliorated by treatment with a B. adrenergic
receplor agonist or a muscarinic receptor antagonist. Such
medical conditions include, by way of example, pulmonary
disorders or diseases associated with reversible airway
obstruction, such as chronic obstructive pulmonary disease

(e.g., chronic and wheezy bronchitis and emphysema),

asthma, pulmonary fibrosis and the like. Other conditions
which may be treated include premature labor, depression,
congestive heart failure, skin diseases (e.g., inflammatory,
allergic, psoriatic and proliferative skin diseases, conditions
where lowering peptic acidity 15 desirable (e.2., peptic and
gastric ulceration) and muscle wasting disease.

[0516] Accordingly, in one embodiment, this invention is
directed to a method for treating a pulmonary disorder, the
method comprising administering to a patient in need of
treatment a therapeutically effective amount of a compound
of formula I or a pharmaceutically acceptable salt or solvate
or sterecisomer thereof. When used to treat a pulmonary
disorder, the compounds of this inveation will typically be
administered by inhalation in multiple doses per day, in a
single daily dose or a single weekly dose. Generally, the
dose for treating a pulmonary disorder will range from about
10 up/day to about 200 zg/day.

[0517] When administered by inhalation, the compounds
of this invention typically have the cffect of providing
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bronchodilation. Accordingly, in another of ils method
aspects, this invention 1s directed to a method of providing
bronchodilation 1n a patient, the method comprising admin-
istering to a patient requining bronchodilztion a therapeuti-
cally effective amount of a compound of formula I or a
pharmaceutically acceptable salt or solvate or stereoisomer
thercof. Generally, the dose for providing broachedilation
will range from about 10 ug/day to about 200 ug/day.

{0518] In one embodiment, this invention is directed 0 a
method of treating chronic abstructive pulmonary disease or
asthma, the method comprising administering to a patient in
need of treatment a therapeutically effective amount of a
compound of formula [ or a pharmaceutically acceptable salt
or soivate or stereoisomer thereof. When used 1o ireat a
COPD or asthma, the compounds of this invention will
typically be administered by inhalation in multiple doses per
day or in a single daily dose. Generally, the dose for treating
COPD or asthma will range from about 10 ug/day 1o about
200 ug/day.

[0519] As used herein, COPD includes chronic obstructive
bronchitis and emphysema (see, for example, Barnes,
Chronic Obstructive Pulmonary Disease, N Engl! J Med
2000: 343:269-78).

{0520] When used to freat a pulmonary disorder, the
compounds of this invention are optionally administered in
combination with other therapeutic agents. In particular, by
combining the compounds of this inveation with a steroidal
anti-inflammatory agent (¢.g. a corticosteroid), the pharma-
ceutical compositions of this invention can provide triple
therapy, i.e., f, adrenergic receptor agonisl, muscarinic
receptor antagonist and anti-inflammatory activity, using
only 1wo aclive components. Since pharmaceutical compo-
sitions containing two active componenls are typically easier
to formulate compared to compositions conlaining three
aclive components, such two component compositions pro-
vide a significant advantage over compositions containing
three active compenents. Accordingly, in 2 particular
embodiment, the pharmaceutical compositions and methods
of this invention further compris¢ a therapeutically effective
amounl of a steroidal anti-inflammatory agent.

[0521] Compounds of this invention exhibit both musca-
rinic recepior antagomist and B, adrenergic receptor agonist
activity. Accordingly, among other properties, compounds of
particular interest are these that demonstrate an inhibitory
constant K; value for binding at the M; muscarinic receptor
and an ECy, value for B, adrenergic receptor agonist activity
of less than about 100 nM; particularly less than 10 nM.
Ameng these compounds, compounds of special inlerest
include those having muscarinic activity, expressed in terms
of the inhibitory constant K; for binding at the M, muscar-
injc receptor, that is about equal to the compound’s B,
adrenergic agonist activity, expressed in temms of the half
maximal effective concentration EC,, as determined in the
in vitro assays described herein, or in similar assays. For
example, compounds of particular interest are those having
a ratio of the inhibitory constant K; for the M5 muscarinic
receptor 1o the ECs, for the B, adrenergic receplor ranging
from about 30:1 to about 1:30; including about 20:1 to about
1:20; such as about 10:1 to about 1:10.

[0522] Inone of its method aspects, the present invention
also provides a method for treating a pulmonary disorder, the
method comprising administering to a patient in need of
treatment a therapeutically effective amount of a compound
having both muscarinic receptor antagonist and fi,, adrener-
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gic receptor agonist activity. In a particular embodiment of
this method, the compound administercd has an inhibitory
constant K; for the M, muscarinic receplor that is less than
aboul 100 nM and a half maximal efeclive concentration
EC_ for agonism at the B, adrenergic receptor that is less
than about 100 nM. In another embodiment, the method for
treating a pulmonary disorder comprises administering a
therapeutically effective amount of a compound for which
the ratio of the inhibitory constant K; for the M muscarinic
receptor to the ECg, for agonism of the B, adrenergic
receptor is between about 30:1 and about 1:30.

[0523] Since compounds of this invention possess both fi.
adrenergic agonist activity and muscarinic receptor antago-
nist activity, such compounds are also useful as research
tools for investigating or studying biological systems or
samples having p, adrenergic receptors or muscarinic recep-
tors, or for discovering new compounds having both B,
adrenergic agonist activity and muscarinic receptor antago-
nist activity. Such biclogical syslems or samples may com-
prise f, adrenergic receptors andfor muscarinic receptors.
Any suitable biological system or sample having B, adren-
ergic and/or muscarinic receptors may be employed in such
studies which may be conducted either in vitro or in vivo.
Representative biological systems or samples suitable for
such studies include, but are not limited to, cells, cellular
extracts, plasma membranes, tissue samples, mammals
(such as mice, rats, guinea pigs, rabbits, dogs, pigs, eic.), and
the like.

[0524] In this embodiment, a biological system or sample
comprising a B, adrenergic receptor or 2 muscarinic receptor
is contacled with a f, adrenergic receptor-agonizing or
muscarinic receptor-antagonizing amount of 2 compound of
this invention. The effects are then determined using con-
ventional procedures and equipment, such as radioligand
binding assays and functional assays. Such functional assays
include ligand-mediated changes in intracellular cyclic
adenosine  monophosphate  (cAMP),  ligand-mediated
changes in aclivity of the enzyme adenylyl cyclase (which
synthesizes cAMP), ligand-mediated changes in incorpora-
tion of guanosine 5'-0-(-thio)triphosphate ((**S]GTP S) inta
isolated membranes via receptor catalyzed exchange of
[**SIGTP S for GDP, ligand-mediated changes in free intra-
cellular calcium ions (measured, for example, with a fluo-
rescence-linked imaging plate reader or FLIPR® from
Molecular Devices, Inc.). A compound of this invention will
agonize or cause activation of a fi. adrenergic receptor and
antagonize or decrease the activation of muscarinie recep-
tors in any of the functional assays listed above, or assays of
a similar nature. The amount of compound used in these
studies will typically range from about 0.1 nanomolar 10
abou! 100 nanomolar.

[0525] Additionally, the compounds of this invention can
be used as research tools for discovering new compounds
that have both a f, adrenergic receplor agonist and musca-
rinic receptor antagonist activity. In this embodiment, a f§,
adrenergic receplor and muscarinic receptor binding data
{for example, as determined by in viiro radioligand displace-
ment assays) for a test compound or a group of test com-
pounds is compared 1o the B, adrenergic receptor and
muscarinic receptor binding data for a compound of this
invention to identify those test compounds that have about
equal or superior 3, adrenergic receptor and/or muscarinic
receplor binding, if any. This aspect of the invention
includes, as separate embodiments, both the geoeration of
comparison data (using the appropriate assays) and the
analysis of the test data to identify test compounds of
interest.
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[0526] In some cases, compounds of this invention may
possess either weak muscaninic receptor antagonist activity
or weak B, adrenergic recepter agonist activity. In these
cases, those of ordinary skill in the art will recognize that
such compounds still have utility as primarily either a p,
adrenergic receptor agonist or a muscarinic receptor antago-
nist, respectively.

[0527] The properties and utility of the compounds of this
invention can be demonstrated using various in vitro and in
vivo assays well-known to those skilled in the art. For
example, representative assays are described in further detail
in the following Examples.

EXAMPLES

[0528] The following Preparations and Examples are pro-
vided to illustrate specific embodiments of this invention.
These specific embodiments, however, are not intended to
limit the scope of this invention in any way unless specifi-
cally indicated.

[0529] The following abbreviations have the following
meanings unless otherwise indicated and any other abbre-
viations used herein and not defined have their standard
meaning;

AC adenylyl cyclase

Ach acetylcholine

ATCC American Type Culture Collection

BSA bovine serum albumin

cAMP 3-5' cyclic adenosine monaphosphate
CHO Chinese hamster ovary

M, cloned chimpanzee My receptor

DCM dichloromethane (Le., methylene chloride)
DIPEA  N,N-diisopropylethylamine

dPBS Dulbecco's phosphate buffered saline

DMEM  Dulbecco’s Modified Eagle's Medium
DMSO dimethyl sulfoxide
EDTA ethylenediaminetetraacetic acid
Emax maximal efficacy
EtOAc cthyl acetate
EtOH ethanol
FBS fetal bovine serum
FLIFR fluorometric imaging plate reader
Gly glyeine
HATU O-(7-azabenzotriazol-1-y}-
NNN' N-tetramethyluronium
hexafluorophosphate
HBSS Hank's buffered salt solution
HEK human embryonic kidney cells
HEPES  4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
hM, cloned human M, receptor
hM, cloned human M, receptor
hM, eloned human M, receptor
hM, cloned human M, receptor
M cloned human My receptor
HPLC high-performance liquid chromatography
IBMX 3-isobutyl-1-methylxanthine

% Eff % efficacy

PBS phosphate buffered saline

PyBOP  benzotriazol-1-yloxytripyrrolidinaphosphonium
hexafluorophosphate

pm rotations per minute

TFA trifluoroacetic acid

THF tetrahydrofuran

Tris tris(hydroxymethyl)Jaminomethane

[0530] Unless noted otherwise, reagents, starling materials
and solvenis were purchased from commercial suppliers
(such as Aldrich, Fluka, Sigma and the like) and were used
without further purification.
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[0531] In the examples described below, HPLC analysis
was conducted using an Agilent (Palo Alto, Calif.) Series
1100 instrument with Zorbax Bonus RP 2.1x50 mm col-
umns, supplied by Agilent, (a C14 cclumn), having a 3.5
micron particle size. Detection was by UV absorbance at
214 nm. HPLC 10-70 data was obtained with a flow rate of
0.5 mL/minute of 10%-70% B over 6 minutes. Mobile phase
A was 2%-98%-0.1% ACN-H,0-TFA; and mobile phase B
was 90%-10%-0.1% ACN-H,O-TFA. Using the mobile
phases A and B described above, HPLC 5-35 data and HPLC
10-90 data were obtained with a 5 minute gradient.

[0532] Liquid chromatography mass spectrometry
(LCMS) data were obtained with an Applied Biosystems
(Foster City, Calif.) model API-150EX instrument. LCMS
10-90 data was obtained with a 10%-90% mobile phase B
over a 5 minute gradient,

[0533] Small scale purification was conducted using an
API 150EX Prep Workstation system from Applied Biosys-
tems. The mobile phase was A: water+0.05% v/v TFA,; and
B: acetonitrile+0.05% v/v TFA. For arrays (typically about
3 to 50 mg recovered sample size) the following conditions
were used: 20 mL/min flow rate; 15 min gradients and a 20
mmx50 mm Prism RP column with 5 micron particles
(Thermo Hypersil-Keystone, Bellefonte, Pa.). For larger
scale purifications (typically greater than 100 mg crude
sample), the following conditions were used: 60 mL/min
flow rate; 30 min gradients and a 41.4 mmx250 mm
Microsorb BDS column with 10 micron particles (Varian,
Palo Alto, Calif.).

[0534] The specific rotation for chiral compounds (indi-
caled as [a]*D) was measured using a Jasco Polarimeter
(Model P-1010) with a tungsten halogen light source and a
589 nm filter at 20° C. Samples of test compounds were
typically measured at 1 mg/mL water.

[0535] Preparation 1

[0536] N-1,1'-Biphenyl-2-y}-N'-4-(1-benzyl)piperidiny-
lurea

[0537] Biphenyl-2-isocyanate (50 g, 256 mmol) was dis-
solved in acetonitrile (400 mL) at ambient temperature.
After cooling to 0° C., a solution of 4-amino-N-benzylpip-
eridine (48.8 g, 256 mmol) in acetonitrile (400 mL) was
added over 5 min. A precipitate was observed immediately.
After 15 min, acetonitrite (600 mL) was added, and the
resultant viscous mixture was stirred for 12 h at 35° C. The
solids were then filtered off and washed with cold acetoni-
trile, then dried under vacuum, yielding the title compound
(100 g, 98% yield). MS m/z: [M+H*] caled for C,5H,,N,0
386.22; found 386.3.

[0538] Preparation 2
[0539] N-1,1'-Biphenyl-2-yl-N'-4-piperidinylurea

[0540] The product of Preparation 1 (20 g, 52 mmol) was
dissolved in a mixture of anhydrous methanol and anhy-
drous DMF (3:1, 800 mL). Aqueous hydrochloric acid (0.75
mL of 37% conc. solution, 7.6 mmol) was added and
nitrogen gas was bubbled through the solution vigorously
for 20 min. Pearlman’s catalyst (Pd(OH),, 5 g) was added
under a stream of nitrogen, before placing the reaction
mixture under a hydrogen aimosphere (balloon). The reac-
tion mixture was allowed 1o stir for 4 days and was then
passed (wice through pads of Celite to remove the catalyst.
The solvent was then removed uader reduced pressure to
yield the title compound (13 g, 85% vield). MS m/z: [M+H*]
caled for C gH,,N;0 296.17; found 296.0.
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[0541] Alternatively, N-1,1'-biphenyl-2-yl-N-4-piperidi-
nylurea was synthesized by heating together biphenyl-2-
isocyanate (50 g, 256 mmol) and 4-amino-N-benzylpiperi-
dine (51.1 g, 269 mmol) at 70° C. for 12 h (the reaction was
monitored by LCMS). The reaction mixture was cooled to
50° C. and ethanol (500 mL) added, followed by slow
addition of 6M hydrochloric acid (35 mL). The reaction
mixture was cooled to room temperature. Ammonium for-
mate (48.4 g, 768 mmol) was added to the reaction mixture
and nitrogen gas bubbled through the solution vigorously for
20 min, before adding patladium (10 wt. % (dry basis) on
activated carbon) (10 g). The reaction mixture was heated at
40° C. for 12 h, and then filtered through a pad of Celite and
the solvent was removed under reduced pressure. To the
crude residue was added 1M hydrochloric acid (20 mL) and
10N sodium hydroxide was added to adjust the pH 10 12.
The aqueous layer was extracted with ethyl acetate (2x80
mL), dried {magnesium sulfate) and solvent removed under
reduced pressure o give the title compound as a solid (71.7
g, 95% vyield). MS m/z: [M+H*] caled for C,4H.,N,0
296.17, found 296.0.

[0542] Preparation 3

[0543] N-1,1'-Biphenyl-2-yl-N'-4{1-(9-hydroxynonyl)]
piperidinylurea

[0544] 9-Bromo-1-oenancl (4.84 g, 21.7 mmal) was
added to a stirred solution of the product of Preparation 2
(5.8 g, 19.7 mmol) and diisopropylethylamine (10.29 mL,
59.1 mmol) in acetonitrile (99 mL) at 50° C. The reaction
mixture was heated at 50° C. for 8 h. The reaction mixture
was then allowed 1o cool and the solvent was removed under
reduced pressure. The residue was dissolved in dichlo-
romethane (100 mL), washed with saturated aqueous
sodium bicarbonate (2x50 mL} and dried (magnesium sul-
fate). The solvent was removed under reduced pressure. The
crude product was purified by flash chromatography (dichlo-
romethane:methanol:ammonia system) to yield the title
compound (7.1 g, 16.2 mmol, 82% yield).

[0545] Preparation 4

[0546] N-1,1-Biphenyl-2-yl-N'-4-{1-(9-ox%ononyl)lpip-
eridinylurea

[0547]) Dimethyl sulfoxide (490 pi., 6.9 mmol), followed
by diisopropylethylamine (324 ul., 3.45 mmol) was added to
a solution of the product of Preparation 3 (500 mg, 1.15
mmol) in dichloromethane (11.5 mL) at -10° C. under an
atmosphere of nitrogen. The reaction mixiure was stirred at
-15° C. for 15 min, and then sulfur trioxide pyridine
complex was added portionwise (549 mg, 3.45 mmol). The
reaction mixture was stirred at —15° C. for 1 h, and then
water (10 mL) was added. The organic phase was then
separated, washed with water (10 mL), and dried (sodium
sulfate). The solvent was removed under reduced pressure (o
give the title compound (475 mg, 1.09 mmol, 95% yield).
HPLC (10-70) R,=3.39.

[0548) Preparation 5

(0549] N-1,1-Biphenyl-2-yl-N'-4-1-(9-aminononyvl)Jpip-
eridinylurea

[0550} Palladium (10 wi. % {dry basis} on activated car-
ban) (1.5 g) was added to a stirred solution of the product of
Preparation 4 (1.58 g, 3.63 mmol) and benzylamine (516 4L,
4.72 mmol) in methanol (36.3 mL). The reaction mixture
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was placed under an atmosphere of hydrogen. After stirring
for 12 h, the reaction mixture was filtered through a pad of
Celite and washed with methanol (10 mL). The solvent was
removed under reduced pressure to give the title compound
(1.50 g, 3.45 mmol, 95% yield). HPLC (10-70) R =2.35; MS
mfz: [M+H*] caled for C,,H,N,0, 437.06; found 437.5.

[0551] Preparation 6

[0552] 8-Benzyloxy-5-(2,2-dihydroxyacetyl)-1H-quino-
lin-2-one

[0553] (a) 8-Acetoxy-1H-quinolin-2-one

[0554] 8-Hydroxyquinoline-N-oxide (160.0 g, 1.0 mol),
commercially-available from Aldrich, Milwaukee, Wis., and
acetic anhydride (800 mL, 8.4 mol) were healed at 100° C.
for 3 h and then cooled in ice. The product was collected on
a Buchner funnel, washed with acetic anhydride (2x100 mL)
and dried under reduced pressure to give 8-acetoxy-1H-
quinolin-2-one (144 g) as a solid.

[0555] (b) 5-Acetyl-8-hydroxy-1H-quinclin-2-one

[0556] Aslurry of aluminum chioride (85.7 g, 640 mmol)
in 1,2-dichloroethane (280 mL) was cooled in ice, and the
product of step (a) (56.8 g, 280 mmol) was added. The
mixture was warmed to room temperature and then beated at
85° C. After 30 min, acetyl chloride (1.5 mL, 21 mmol) was
added and the mixture was heated an additional 60 min. The
reaction mixture was then cooled and added to IN hydro-
chloric acid (3 L) at 0° C. with good stirring. After stirring
for 2 h, the solids were collected on a Buchner fungel,
washed with water (3x250 mL) and dred under reduced
pressure. The crude product isolated from several batches
(135 g) was combined and irilurated with dichloromethane
(4 L) for 6 b. The product was collecied on a Buchner funnel
and dried under reduced pressure 1o give S-acetyl-8-hy-
droxy-2(1H)-quinolinone (121 g).

[0557] (c) 5-Acetyl-8-benzyloxy-1H-quinolin-2-one

[0558] To ihe product of step (b) (37.7 g, 186 mmol) was
added N,N-dimethylformamide (200 mL) and potassium
carbonate (34.5 g, 250 mmol) followed by benzyl bromide
(31.8 g, 186 mmol). The mixturc was stirred at room
temperature for 2.25 hour and then poured into saturated
sodium chloride (3.5 L) at 0° C. and stirred for 1 hour. The
product was collected and dred on a Buchner funnel for i
bour, and the resulting solids were dissolved m dichlo-
romethane (2 L) and this mixture was dried over sodium
sulfate. The solution was filtered through a pad of Celite
which was then washed with dichloromethane (5x200 ml.).
The combined filtrate was 1hen concentrated 1o dryness and
the resulting solids were triturated with ether (500 mL) for
2 h. The product was collected on 2 Buchner funnel, washed
with ether (2x250 ml.) and dried under reduced pressure to
give S-acelyl-8-benzyloxy-1H-quinolin-2-one (44 g) as a
powder.

{0559] (d) 8-Benzyloxy-5-(2,2-dihydroxyacetyl)-1H-
quinolin-2-one

[0560] To a slurry of the product of step (c) (10.0 g, 34.1
mmol) in DMSO (60 mL) was added a 48% w/w hydro-
bromic acid solution (11.8 mL, 102.3 mmol). The mixture
was warmed to 60° C. for 16 h thea allowed to cool to room
temperature. Water (100 mL) was added and the resulting
slurry stirred at room temperature for 0.5 h before being
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cooled 1o 0° C. The product was collected on a Buchner
funnel then dried under reduced pressure to give 8-benzy-
loxy-5-2,2-dihydroxyacetyl)-1H-quinolin-2-one (12.2 g) as
a solid.

[0561]) Preparation 7

[0562] 1-(1-{9-[2-(8-Benzyloxy-2-oxo-1,2-dihydroquino-
lin-5-y1)-2-hydroxyethylamino Jnonyl} piperidin-4-y1)-3-bi-
pheayl-2-ylurea

[0563] The producis of Preparation 5 (183 mg, 0.42 mmol)
and Preparation 6 (149 mg, 0.46 mmol) were stirred in
dichloroethane (4.2 mL) at ambient temperature for 2 h,
Sodium triacetoxyborehydride (267 mg, 1.26 mmol) was
then added and the reaction mixture was stirred for a further
12 h. The reaction mixture was then diluted with dichlo-
romethane (10 mL}), washed with saturated agueous sodivm
bicarbonate (10 mL), dried (magnesium sulfate) and the
solvent was removed under reduced pressure. The crude
reaction mixture was purified by flash chromatography
(5-10% methanol in dichloromethane, 0.5% ammonium
hydroxide) to give the title compound (144 mg, 0.20 mmol,
48% yield). HPLC (10-70) R,=3.48; MS m/z: [M+H"*] calcd
for C,sHsNoO, 730.4; found 730.7.

Example 1

[0564] 1-Biphenyl-2-yl-3+(1-{9-[2-hydroxy-2-(8-hy-
droxy-2-0x0-1,2-dihydroquinolin-5-yl)ethylamino]
nonyl}piperidin-4-yljurea

[0565] Palladium (10 wi. % (dry basis) on activated car-
bon) {63 mg) was added to a stirred solution of the product
of Preparation 7 (144 mg, 0.20 mmol) in methanol (2 mL)
and the reaction mixture was placed under an atmosphere of
hydrogen. After 12 h stirring, the reaction mixiure was
filtered through a pad of Celite, washed with methanol (2
mL) and then the solvent was removed under reduced
pressure. The resulting residue was purified by preparative
HPLC 10 give the title compound (10 mg). HPL.C (10-70)
R=2.8; MS m/z: [M+H"] caled for CygH,gNO, 640.3;
found 640.5.

[0566]) Preparation 8
{0567] Biphenyl-2-ylcarbamic Acid Piperidin-4-yl Ester

[0568] Biphenyl-2-isocyanate (97.5 g, 521 mmol) and
4-hydroxy-1-benzylpiperidine (105 g, 549 mmal), both
commercially-available from Aldrich, Milwaukee, Wis.,
were heated together at 70° C. for 12 b, during which time
the formation of biphenyl-2-ylcarbamic acid 1-benzylpip-
enidin-4-yl ester was monitored by LCMS. The reaction
mixture was then cooled to 50° C. and ethanol (1 L) was
added, and then 6M hydrochloric acid (191 mL) was added
slowly. The reaction mixture was then cooled to ambient
temperature and ammonium formate (98.5 g, 1.56 mol) was
added and nitrogen gas was bubbled through the solution
vigorously for 20 min. Palladium (10 w1. % (dry basis) on
activated carbon) (20 g) was then added. The reaction
mixture was heated at 40° C. for 12 b and then filtered
through a pad of Celite. The solvent was then removed under
reduced pressure and 1M hydrochloric acid (40 mL) was
added to the crude residue. Sodium hydroxide (10N) was
then added to adjust the pH to 12. The aqueous layer was
extracted with ethyl acetate (2x150 mL) and dricd (magne-
sium sulfate), and then the solvent was removed under
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reduced pressure to give the title compound (155 g, 100%).
HPLC (10-70) R=2.52; MS m/z. [M+H*] cale’d for
C HyN,0, 297.15; found 257.3.

[0569] Preparation ¢
[0570] N,N+(Di-tert-butoxycarbonyl)-9-bromonony-

lamine

[0571] A solution of di-tert-butoxycarbonylamine (3.15 g,
14.5 mmol) in N,N-dimethylformamide (0.28 mL) was
cooled to 0° C. for about 10 min. Sodium hydride, 60% in
mineral oil (0.58 g, 14.5 mmol) was added and the reaction
mixture was stirred at 0° C. for 10 min. The reaction mixture
was removed from the ice bath and allowed 10 warm 1o room
temperature for about 30 min. The reaction mixture was then
cooled back down to 0° C. and a solution of 1,9-dibro-
mononane (2.46 mL, 12.1 mmol) in dimethylformamide
(100 ml) was added. The reaction mixture was stirred
overnight at room temperature. After 24 h, MS analysis
showed that the reaction was completed. The reaction mix-
ture was concentrated to dryness and diluted with ethyl
acetate (100 mL). The organic layer was washed with
saturated sodium bicarbonate (2x100 mL}, brine (100 mL),
dried (magnesium sulfate) and concentrated under reduced
pressure 1o yield the crude product, which was purified by
chromatography on silica gel using 5% cthyl acetate in
hexanes 1o afford the title compound. MS m/z: [M+H*]
caled for C,oH; 4N, O,Br 423.18; found 423.

[0572]1 Preparaticn 10

[0573] Biphenyl-2-ylcarbamic Acid 1+(9-Di-tert-butoxy-
carbonylamino)nonylpiperidin-4-yl Ester

[0574] A mixture of 1:1 acetonitrile and N,N-dimethylfor-
mamide (50 mL) was added to the products of Preparation
8 (3.0 g, 10.1 mmol) and Preparation 9 (5.1 g, 12.2 mmol)
and tricthylamine (1.42 ml, 10.1 mmol). The reaction
mixture was stirred at ambient temperature for 24 h and was
monitored by LCMS analysis. The reaction mixture was
then concentrated and diluted with ethyl acetate (50 mL).
The organic layer was washed with saturated sodium bicar-
bonate (2x50 mL) and brine (50 mL). The organic phase was
then dried over magnesium sulfate and concentrated to yield
6.5 g of crude oil. The oil was purified by chromatography
on silica gel using 1:1 hexanesfethyl acetate to provide the
titte compound (3 g). MS m/zz [M+H*] caled for
C HssNyO, 638.41; found 639.

[0575] Preparation 11

[0576] Biphenyl-2-ylcarbamic Acid 1-(9-Aminononyl)pi-
peridin-4-yl Ester

[0577] Trifluoroacetic acid (11 mL) was added to a solu-
tion of the product of Preparation 10 (7.2 g, 11.3 mmol) in
dichioromethane (56 mL). After 2 h, LCMS analysis showed
that the reaction was completed. The reaction mixture was
then concentrated to dryness and diluted with ethyl acetate
(75 mL). Sodium hydroxide (1N) was then added until the
pH of the mixture reached 14. The organic phase was then
collected and washed with saturated sodium bicarbonate
(2x50 mL) and brine (50 mL). The organic phase was then
dried over magnesium sulfate and concentrated 10 provide
the title compound (5.5 g). MS m/z: [M+H*] caled for
C,H1oN;0, 438.30; found 439.

v



US 2004/0167167 Al

[0578] Preparation 12

[0579] Biphenyl-2-ylcarbamic Acid 1-{9[2-(8-Benzy-
loxy-2-oxo-1,2-dihydroquinolin-5-y1)-2-hydroxyethy-
lamino]nonyl}piperidin-4-yl Ester

[0580] The product of Preparation 11 (196 mg, 0.43
mmol) was dissolved in dichloroethane (4 mL) and sodium
iriacetoxyborohydride (101 mg, 0.48 mmol) was added. The
reaction mixture was slirred al ambient temperature for
about 10 min. and then 8-benzyloxy-5-2,2-dihydroxy-
acetyl)-1H-quinolin-2-one (Preparation 6) (141 mg, 0.43
mmol) was added. LCMS analysis showed that the reaction
was completed after 2 h. Methanol (1 mL) was added to the
reaction mixture and then sodium borohydride (18 mg, 0.48
mmol) was added slowly. After 1 hour, LCMS analysis
showed that the reaction was completed. The reaction mix-
ture was then quenched with aqueous ammonium chloride
and this mixture was extracted with dichloromethane. The
organic phase was washed with saturated sodium bicarbon-
ate (2x50 mL}) and brine (10 m1). The organic phase was
then dried over magnesjum sulfate and concentraed io
provide 315 mg of a yellow solid. The solid was purified by
silica gel chromatography using 10% methanol in dichlo-
romethape to afford the title compound (64 mg). MS m/z:
{M+H"] caled for C,3H N0 730.40; found 731.

Example 2

[0581] Biphenyl-2-ylcarbamic Acid 1-{92-Hydroxy-2-
{8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]
nonyl}piperidin-4-yl Ester Ditrifluoroacelate

[0582} A solution of the product of Preparation 12 (64 mg,
0.09 mmol) in methanol (450 mL) was fushed with nitro-
gen. Palladium on carbon (10%, 10 mg) was then added and
the reaction mixture was placed under a balloon containing
hydrogen aud stired. LCMS analysis showed thal the reac-
tion was completed after 9 b. The reaction mixture was then
filtered and the filtrate was concentrated to provide a yellow
crispy solid. The solid was purified by preparative HPLC
(5-35 over 60 min) to afford the title compound (19 mg). MS
m/z: [M+H"*] caled for C;5H gN,O; 641.36; found 641.

[0583] 8-Benzyloxy-5-{(R)-2-bromo-1-{lert-butyldimeth-
ylsilanvloxy)ethyl]-1H-quinolin-2-one

[0584] (a) 8-Benzyloxy-5-(2-Bromoacetyl)-1H-guinolin-
2-one

[0585] 5-Acetyl-8-benzyloxy-1H-quinolin-2-one (Prepa-
ration 6) (20.0 g, 68.2 mmol) was dissolved in dichlo-
romethane (200 mL) and cooled to 0° C. Boron trifluoride
diethyl etherate (10.4 mL, 82.0 mmol) was added via syringe
and the mixiure was warmed to room lemperafure to give a
thick suspension. The suspension was heated at 45° C. (oil
bath) and a soiution of bromine (11.5 g, 72.0 mmol) in
dichloromethane (100 mL) was added over 40 min. The
mixture was kept at 45° C. for an additional 15 min and then
cooled to room temperature. The mixture was concentrated
under reduced pressure and then triturated with 10% aque-
ous sodium carbonate (200 mL) for 1 hour. The solids were
collected on a Buchner funnel, washed with water (4x100
mL) and dried under reduced pressure. The product of two
runs was combined for purification. The crude product (52
g) was triturated with 50% methanol in chloroform (500
mL) for 1 hour The product was collected on a Buchner
funnel and washed with 50% methano! in chloroform (2x50
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ml.) and methanol (2x50 mL). The solid was dried under
reduced pressure to give the title compound (34.1 g) as a
powder.

[0586] (b) 8-Benzyloxy-5-((R)-2-bromo-1-hydroxyethyl)-
1H-quinolin-2-one

[0587] (R)}-{(+)-a,a-Diphenylprolinol (30.0 g, 117 mmol)
and trimethylboroxine (11.1 mi., 78 mmo}) were combined
in toluene (300 mL) and stirred at room temperature for 30
min. The mixture was placed in a 150° C. oil bath and liquid
was distilled off, Toluene was added in 20 mL aliquots and
distillation was continued for 4 h. A total of 300 mL toluene
was added. The mixture was then ccoled to room tempera-
lure. A 500 ul. aliquot was evaporated 1o dryness and
weighed (246 mg) to determine that the concentration of
catalyst was 1.8M.

[0588] 8-Benzyloxy  5-(2-bromoacetyl)-1H-quinolin-2-
one {90.0 g, 243 mmol) was placed under nitrogen and
tetrahydrofuran (900 mL) was added followed by the cala-
lyst described above (1.8 M in toluene, 15 mL, 27 mmol).
The suspension was cooled 1o -10+5° C. in an icefisopro-
panol bath. Borane (1.0 M in THF, 294 mL, 294 mmol) was
added over 4 b. The reaction was thea stirred an additional
45 min at -10° C. and then methanol (250 mL) was added
slowly. The mixiure was concentraled under vacuum and the
residue was dissolved in boiling acetonitrile (1.3 L), fillered
while hot and then cooled to room temperature, The crystals
were filtered, washed with acetonitrile and dried under
vacuum to give the title compound (72.5 g, 196 mmol, §1%
yield, 95% ee, 95% pure by HPLC).

[0589) (c) 8-Benzyloxy-5-{(R)-2-bromo-1-(tert-butyldim-
ethylsilanyloxy)ethyl]}-1H-quinolin-2-one

[0590] To the product of step (b) (70.2 g, 189 mmol) was
added N,N-dimethylformamide (260 mL) and this mixture
was cooled in an ice bath under nitrogen. 2,6-Lutidine {40.3
g, 376 mmol) was added over 5 min and then tert-butyldim-
ethylsilyl trifluoromethanesulfonate (99.8 g, 378 mmol) was
added slowly while maintaining the temperature below 20°
C. The mixture was allowed to warm to room temperature
for 45 min. Methanol (45 mL) was added to the mixture

. dropwise over 10 min and the mixture was partitioned

between ethyl acetate/cyclohexane(1:1, 500 mL) and walet/
brine {1:1, 500 mL). The organics were washed twice more
with water/brine (1:1, 300 mL each). The combined organics
were evaporated under reduced pressure to give a light
yellow ail. Two separate portions of cyclohexane (400 mL)
were added to the oil and distillation continued untl a thck
while slurry was formed. Cyclohexane (300 mL) was added
to the slurry and the resulting white crystals were filtered,
washed with cyclohexane (300 mL.) and dried under reduced
presstire 1o give the title compound (75.4 g, 151 mmol, 80%
yield, 98.6% ec).

[0591] Preparation 14

[0592] Biphenyl-2-ylcarbamic Acid 1-{9-[(R)-2-(8-ben-
zyloxy-2-0xo0-1,2-dihydroquinolin-5-yl)-2-(tert-butyldim-
ethylsilanyloxy)ethylamino Jnonyl}piperidin-4-yl Ester
[0593] The product of Preparation 13 (3.9 g, 8.17 mmol)
was added 1o a solution of the product of Preparation 11 (5.0
g, 11.4 mmol) in THF (20 mL), followed by sodium bicar-

bonate (2.0 g, 24.5 mmol} and sodium iodide (1.8 g, 12.2
mmol). The reaction mixture was heated to 80° C. for 72 h.
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The reaction mixture was then cooled, diluted with dichlo-
romethane (20 mL) and the organic phase was washed with
salurated sodium bicarbonate (2x50 mL) and brine (50 mL).
The organic phase was then dried (magnesium sulfate) and
concentrated to give 6.5 g of a crude product. The crude
product was purified by chromatography on silica gel eluting
with 3% methanol in dichloromethane o provide the title
compound (1.4 g, 21% vield).

[0594] Preparation 15

[0595] Biphenyl-2-ylcarbamic Acid 1-{9-[(R)-2-8-ben-
zyloxy-2-oxo0-1,2-dihydroquinolin-5-yl)-2-hydroxyethy-
lamino]nonyl }piperidin-4-yl Ester

[0596] Triethylamine hydrogen fluoride (376 pL, 2.3
mmol) was added to a solution of the product of Preparation
14 (1.3 g, 1.5 mmol) in THF (8 mL) and the reaction mixture
was stirred at ambient temperature. After 5 h, the reaction
was complete as determined by LCMS analysis. The reac-
lion mixture was then quenched with 1N NaOH until the pH
was 14 and then diluted with ethyl acetate (20 mL}) and
washed with IN NaOH (20 mL) and brine (20 mL). The
organic phase was then separated, dried over magnesium
sulfate, and concentrated to yield the title compound (1.1 g).

Example 3

[0597] Biphenyl-2-ylcarbamic Acid 1-{9-{(R)-2-hydroxy-
24(8-hydroxy-2-0xo-1,2-dihydro-quinolin-5-yljethvlamino]
nonyl}piperidin-4-y] Ester Ditrifluoroacetate

[0598] A solution of the product of Preparation 15 (1.1 g,
1.5 mmol) was flushed with nitrogen and palladivm on
carbon (10%, 110 mg) was added. The reaction mixmre was
stirred under hvdrogen at balloon pressure. Analysis by
LCMS showed that the reaction was compleled after 9 h.
The reaction mixture was then filtered and concentrated to
vield a yellow solid. The solid was purified by preparative
HPLC (5-30 over 60 min) to afford the title compound (510
mg). MS m/z: [M+H"*] caled for CyH 4N, 04 641.36; found
641. HPLC method 10-70: 3.207. [a]%,=-23.6 (c=1.0
mg/mL, water).

Example 3A

[0599] Biphenyl-2-ylcarbamic Acid 1-{9-[(R)-2-hydroxy-
2-(8-hydroxy-2-0x0-1,2-dihydro-quinolin-5-yl)ethylamino]
nonyl}piperidin-4-yl Ester Ditrifluoroacetate

[0600] Aliernatively, the title compound was prepared as
follows:

[0601] (a) 9-Bromononanal

[6602] To a 100-mL round-bottomed flask equipped with
a magnetic stirrer, addition funnel and 1emperature control-
ler, under nitrogen, was added 9-bromononanol (8.92 g, 40
mmol) and dichloromethane (30 mL). The resulting mixture
was cooled to 5° C. and a solution of sodium bicarbonate
(0.47 g, 5.6 mmol) and potassium bromide (0.48 g, 4 mmol)
in water (10 mL) was added. 2,2,6,6- Tetramethyl-1-piperidi-
nyloxy free radical (TEMPQ) (63 mg, 0.4 mmol) was added
and then a 10 to 13% bleach solution (27 mL) was added
dropwise through the addition funnel at a rate such that the
temperature was maintained at about 8° C. (+/-2° C) with
an ice cold bath (over about 40 min.). After addition of the
bleach was complete, the mixture was stirred for 30 min.
while maintaining the temperature at about 0° C. A solution
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of sodium bisulfite (1.54 g) in water (10 mL) was added and
the resulting mixture was stirred a1 room temperature for 30
min. The layers of the mixture were then separated, and the
mitky aqueous layer was extracted with dichloromethane
(1x20 mL). The combined dichloromethane layers were then
washed with water (1x30 mL), dried (MgSO,), filtered and
concentrated under reduced pressure to afford the title
intermediate (8.3 g, 94% yield), which was used without
further purificatiorn in the next step.

[0603] (b) 9-Bremo-1,1-dimethoxynonane

[0604] To 2 100 mL round-bottomed flask was added
9-bromononanal (7.2 g, 32.5 mmol), methano! (30 mL) and
trimethylorthoformate (4 mL, 36.5 mmot). A solution of 4 N
hydrochloric acid in dioxane (0.2 mL, 0.8 mmol) was added
and the resulting mixture was refluxed for 3 h. The reaction
mixture was then cooled to room lemperature and solid
sodium bicarbonate (100 mg, 1.2 mmol) was added. The
resulting mixture was concentrated to one-fourth its original
volume under reduced pressure and then ethyl acetate (50
mL) was added. The organic layer was washed with water
(2x40 mL), dned (MgS0O,), filtered and concentrated under
reduced pressure to afford the title mtermediate (8.44 g,

(97% yield)) as a liquid, which as used in the next step

without further purification.

[0605] (c) Biphenyl-2-ylcarbamic Acid 1-(9,9-Dimethox-
ynonyl)piperidin-4-yl Ester

[0606] To a 50 mL three-necked, round-bottomed flask
was added biphenyl-2-ylcarbamic acid piperidin-4-y! ester
(L g, 3.38 mmol) and acetonitrile (10 mL) to form a slurry.
To this slurry was added $-bromo-1,1-dimethoxynonane
(1.1 g, 1.3 mmol) and triethylamige (0.57 g, 4.1 mmol}) and
the resulting mixture was heated at 65° C. for 6 h (the
reaction was monitored by HPLC until stanting material is
<5%). The reaction mixture was then cooled Lo room tem-
perature at which time the mixture formed a thick slurry.
Water (5 mL) was added and the mixture was filtered to
collect the solid on a coarse fritted glass filer. The solid was
washed with pre-mixed solation of acetonitrile (10 mL) and
water (5 mL) and then with another pre-mixed solution of
acetonitrile (10 mL) and waler (2 mL). The resulling solid
was air dried to afford the title intermediate (1.37 g, 84%,
purity >96% by LC, *H NMR) as a while salid.

[0607] (d) Biphenyl-2-ylcarbamic  Acid  1{9-Ox-
anonyl)piperidin-4-yl Ester

[0608] Toa 500 mL rouad-bottomed flask with a magnetic
stirer was added biphenyl-2-ylcarbamic acid 1-(9,9-
dimethoxynonyl)piperidin-4-y! ester (7.7 g, 15.9 mmol) and
ther acetonitrile (70 mL) and aqueous 1M hydrochloric acid
(70 mL). The resulting mixture was stirred at room tem-
perature for 1 h and then dichloromethane (200 mL) was
added. This mixture was stirred for 15 min. and then the
layers were separated. The orgaoic Jayer was dried
(MgSQ,), filtered and concentrated under reduced pressure
to afford the title intermediate (6.8 g), which was used in the
next step without further purification.

[0609] (¢) Biphenyl-2-yicarbamic Acid 1<(9-{Benzyi-
[(R)-2-(8-benzyloxy-2-0x0-1,2-dihydroquinolin-5-y1)-2-
(tert-butyldimethylsilanyloxy)ethylJamino }aonyl)-piperi-
din-4-yl Ester

[0610] Te a 300 mL round-bottomed flask was added
5{(R)-2-benzylamino-1-{tert-butyldimethylsilanyloxy-

<o
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Jethyl]-8-benzyloxy-1H-quinolin-2-one (5 g, 9.73 mmol),
dichloromethane (100 mL) and glacial acetic acid (0.6 mL,
10 mmol). This mixture was cooled to 0° C. using an ice bath
and biphenyl-2-ylcarbamic acid 1-(9-oxononyl)piperidin-4-
vl ester (4.6 g, 9.73 mmol) was added with stirring. This
mixture was stirred at 0° C. for 30 minutes and then sodium
triacetoxyborohydride (6.15 g, 29 mmol) was added in
portions over 15 minutes. The reaction mixture was stirred
at 0° to 10° C. for 2 hours and then aqueous saturated sodium
bicarbonate solution (50 mL) was added and this mixture
was slirred for 15 minutes. The layers were then separated
and the organic layer was washed with 5% aqueous sodium
chloride solution (50 mL), dried (MgSQ,), fiitered and
concentrated under reduced pressure 1o afford the title
inicrmediate (8.5 g, 80% purity by HPLC), which was used
without further purification.

[0611] () Biphenyl-2-ylcarbamic Acid 1-{9-[(R)-2-(tert-
Bulyldimethylsilanyloxy)-2-(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-5-yl)ethylamino]nonyl} piperidin-4-y] Ester

[0612] To a 200 mL round-botiomed flask was added the
intermediate from Step E (8.5 g, 9 mmol), ethanol (100 mL)
and glacial acetic acid (0.54 mL, 18 mmol) and this mixture
was stirred until the solid dissolved. The reaction mixture
was purged with hydrogen for 5 min. and then 10% palla-
dium on carbon (1.7 g) was added. This mixture was stirred
at room temperature while hydrogen was slowly bubbling
through the reaction mixture until >95% conversion was
observed by HPLC (about 8-9 h). The mixture was then
filtered through a Celite pad and the solvent was removed
under reduced pressure. The residue was purified by silica
gel chrematography (15 g silica/1 g crude) using 5% MeOH
in DCM/0.5% NH,OH (10x150 mL), 8% MeOH in DCM/
0.5% NH,OH (10x150 mL) and 10% MeOH in DCM/0.5%
NH,OH (10x150 mL). The appropriate fractions were com-
bined and the solvent was removed under reduced pressure
while maintaining the temperature <35° C. 1o give the title
intermediate (4.05 g, 97% purity).

[0613] (g) Biphenyl-2-ylcarbamic Acid 1-{9{(R)-2-Hy-
droxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-ylethy-
laminolnonyl } piperidin-4-y] Ester

[0614] To a 200 mL round-bottomed flask was added the
intermediate from Step F (4.05 g, 5.36 mmol) and dichlo-
romethane (80 mL) and the resulting mixture was stirred
until the solid dissolved. Triethylamine tribydrofluoride (2.6
ml., 16 mmol) was added and stirring was continued under
nitrogen for 18 to 20 h. Methano! {20 mL) was added and
then saturated aqueous sodium bicarbonate (50 mLl) was
added slowly and the mixiure was stirred for 15 min. The
layers were then separated and the organic layer was washed
with saturated aqueous sodium chloride solution (20 mL),
dried (MgSQ,), filiered and concentraled under reduced
pressure 1o afford the tille compound (3.5 g, 98% purity by
HPLC) as a yellow solid. :

Example 3B

[0615] Biphenyl-2-ylcarbamic ~ Acid  1-{9{(R)-2-Hy-
droxy-2-(8-Hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)ethy-
lamino]nenyl}piperidin-4-yl Ester Naphthalene-1,5-disul-
fonic Acid Sali

{0616] Biphenyl-2-ylcarbamic acid 1-{9{(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamina]
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nonyl}piperidin-4-yl ester (1.0 g, 1.56 mmol, free base) was
dissolved in methanol (10 mL; low water content). A solu-
tion of naphthatene-1,5-disulfonic acid (0.45 g, 1.56 mmol)
in methanol (5 mL; low water contenl) was added and the
reaction mixiure was stirred at 30° C. for two hours and then
at room temperature overnight (18 h). The resulting thick
slurry was filtered and the filtrate cake was washed with
methanol (5 mL) and then dried to give the title compound
(1.16 g, 80% yield) as off-white crystalline solid.

[0617] Preparation 16

[0618] N-{2-Benzyloxy-5{(R)-2-bramo-1-{terl-bu-
1yldimethylsilanyloxy)ethyl Jphenyl} -formamide

[0619] (R)-2-Bromo-1-(3-formamide-4-benzyloxyphe-
nyl)ethanol (9.9 g, 28 mmoel) was dissolved in dimethylfor-
mamide (36 mL). Imidazole (2.3 g, 34 mmol) and tert-
butyldimethylsilyl chloride (4.7 g, 31 mmol) were added.
The solution was stirred under nitrogen atmosphere for 72 h.
Additional imidazole (0.39 g, 5.7 mmol) and tert-butyldim-
ethylsilyl chloride (0.64 g, 4.3 mmol) were added and the
reaction was stirred for an additional 20 h. The reaction
mixture was then diluted with a mixture of isopropyl acetate
(53 mL) and hexanes (27 mL) and transferred to a separatory
funnel. The organic layer was washed twice with a mixture
of water (27 mL) and saturated aqueous sodium chloride (27
mL) followed by a final wash with saturated aqueous sodium
chioride (27 mL). The organic layer was dried over sodium
sulfate. Silica gel (23.6 g) and hexanes (27 mL) were added
and the suspension was stirred for 10 aun. The solids were
removed by filtration and the filtrate concentrated under
vacuum. The residue was crystallized from hexanes (45 mL)
to afford 8.85 g (19 mmol, 68%) of the nle compound as a
solid. MS m/z: [M+H*] caled for C,,H;,NO,SiBr 464.1;
found 464.2.

[0620] The starting material, (R)-2-bromo-1-(3-forma-
mido-4-benzyloxypheayl)ethanol, cao be prepared as
described in U.S. Pat. No. 6,268,533 B 1; or R. Hett et al,,
Organic Process Research and Development, 1998, 2:96-99;
or using procedures similar to those described in Hong et al.,
Tetrahedron Lent., 1994, 35:6631; or similar to those
described in U.S. Pat. No. 5,495,054,

[0621] Preparation 17

[0622] Biphenyl-2-ylcarbamic Acid 1-{9-[(R)-2-(4-Ben-
zyloxy-3-formylaminophenyl)-2-{(tert-butyldimethylsilany-
loxy)ethylamino]nonyl}piperidin-4-yl Ester

[0623] The product of Preparation 16 (500 mg, 1.008
mmol) and sodium iodide (243 mg, 1.62 mmo}) were stirred
in tetrahydrofuran (0.5 mL) for 15 min at ambient tempera-
ture. The product of Preparation 11, (564 mg, 1.29 mmol)
and sodium bicarbonate (272 mg, 3.24 mmol) were then
added and the reaction mixture was heated at 80° C. for 24
h. The reaction mixture was then allowed o cool. Water (2
mL) was then added and the mixture was extracted with
dichloromethane (2x2 mL). The combined organic extracls
were washed with 1M hydrochloric acid (2x1 mL), dried
(magnesium sulfate) and the solvent was removed under
reduced pressure. The crude residue was purified by flash
chromatography (5-10% methanol/dichloremethane) to give
the title compound (360 mg, 0.44 mmol, 41% vield). HPLC
(10-70) R,=4.96; MS m/z: [M+H"] caled for CoHe N, O
821.51; found 821.9.

S5
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[0624] Preparation 18

[0625] Bipheuyl-z-ylcarbam.ic Acid 1-{9{(R)-2<4-Ben-
zyloxy-3-formylaminophenyl)-2-hydroxyethylamino)
nonyl}piperidin-4-y] Ester

[0626] To a stirred solution of the product of Preparation
17 (360 mg, 0.44 mmol) in tetrahydrofuran (2.2 mL) at
ambient temperature was added triethylamine trinydrotluo-
ride (108 ul., 0.66 mmol). The reaction mixture was stirred
for 24 b and then diluted with dichloromethane (3 mL) and
washed with 1M hydrochloric acid (2 mL) and saturated
aqueous sodium bicarbonate (2 mL). The organic phase was
dried (magnesium sulfate) and the solvent was removed
under reduced pressure. The crude title compound was used
directly in the next step without further purification. HPLC
(10-70) R,=4.6; MS m/z: [M+H*] calcd for C,3Hs,N,0,
707.43; found 707.8.

Example 4

[0627] Biphenyl-2-ylcarbamic ~ Acid  1-{9-[(R)-2-(3-
Formylamino-4-hydroxyphenyl)-2-hydroxyethylamino]
nonyl}piperidin-4-yl Ester Ditrifluoroacetate

{0628] Palladium (10 wi. % (dry basis) on activated car-
bon) (124 mg) was added to a stirred solution of the product
of Preparation 18 (311 mg, 0.44 mmel) in ethanol (4 mL)
and the reaction mixture was placed under an atmosphere of
hydrogen. After stirring for 12 h, the reaction mixture was
filtered through a pad of Celite, washed with methanol (2
mL) and the solvent was removed under reduced pressure.
The resulting residue was purified by preparative HPLC to
give the title compound (41 mg). HPLC {10-7G) R =3.0; MS
m/z: [M+H*] caled for CyH 5N, 05 617.39; found 617.5.

Example 5

[0629] Biphenyl-2-ylcarbamic  Acid  1-{9{(R)-2-Hy-
droxy-2-(8-hydroxy-2-oxo-1,2,3,4-tetrahydroquinolin-5-yl-
JethylaminoJnonyl}piperidin-4-yl Ester Ditrifluoroacetate

[0630] Palladium (10 wt. % (dry basis) on activated car-
bon) (80 mg}) was added to a stirred solution of the product
of Example 3 (80 mg, 0.11 mmol) in ethanol (1.1 mL) and
the reaction mixture was placed under an atmosphere of
hydrogen. The reaction mixture was stirred for 12 h, and
then filtered through a pad of Celite, washed with methanol
(2 mL) and the solvent removed under reduced pressure. The
crude material was resubjected to the above conditions to
ensure complete reaction. The resulting residue was purified
by preparative HPLC to yield the litle compound (6 mg).
HPLC (10-70) R=3.23; MS m/z: [M+H*] caled for
C H,N, 05 643.39; found 643.7,

[0631]) Preparation 19

[0632] 3{4-(Biphenyl-2-ylcarbamoyloxy)piperidin-1-yl]
propionic Acid Methyl Ester

[0633] Methyl 3-bromopropicrate (553 4L, 5.07 mmol)
was added 1o a stirred solution of the product of Preparation
8 (1.00 g, 3.38 mmol) and DIPEA (i.76 mL, 10.1 mmol) in
acetonitrile (34 mL) at 50° C. and the reaction mixiure was
heated at 50° C. overnight. The solvent was then removed
under teduced pressure and the residue was dissolved in
dichloromethane (30 ml). The resulting solution was
washed with saturated aqueous sodium bicarbonate solution
(10 mL), dried {magnesium sulfate) and the solvent was
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removed under reduced pressure. The crude residue was
purified by cotumn chromatography {5-10% MeOH/DCM)
to give the title compound (905 mg, 70%).

[0634] Preparation 20

[0635] 3-[4-(Biphenyl-2-ylcarbamoyloxy)piperidin-1-v]
propionic Acid

[0636] A stirred solution of the product of Preparation 19
(902 mg, 2.37 mmol) and lithium hydroxide (171 mg, 7.11
mmol) in 50% THF/MH,O (24 mL) was heated at 30° C.
overnight, and then acidified with concentrated hydrochloric
acid and lyophilized to give the title compound (100% yield,
also contains LiCl salts).

[0637] Preparation 21

[0638] {5(R)-2-(8-Benzyloxy-2-cxo0-1,2-dihydroquino-
lin-5-y1)-2-(tert-butyldimethyl-silanyloxy)ethylamino)
pentyl}carbamic Acid tert-Butyl Esler

[0639] The product of Preparation 13 (600 mg, 1.23
mmol) and N-tert-butoxycarbonyl-1,5-diaminopentane (622
mg, 3.07 mmol) were dissolved in dimethyl sulfoxide (1.23
mL) and heated 1o 105° C. for 6 h. The rcaction mixture was
then cooled and diluted with ethyl acetate (10 ml) and
washed with saturated agueous sodium bicarbonate solution
(4 mL). The organic phase was dried (magnesium sulfate)
and the solvent was removed under reduced pressure. The
crude residue was purified by column chromatography
(5-10% methanol/dichloromethane) to give the tile com-
pound (~100% yield).

[0640] Preparation 22

[0641] 5-{(R)-2-(5-Aminopentylamino)-1-(tert-bulyldim-
ethylsilanyloxy)ethyl]-8-benzyloxy-1H-quinolin-2-one
[0642] A solution of the product of Preparation 21 (800
mg, 1.31 mmol) in uifluorcacetic acid/dichleromethane
(25%, 12 mL) was stirred at ambient temperalure for 1 hour.
The solvent was then removed under reduced pressure and
the crude residue was dissolved in dichloromethane (15 mL)
and washed with IN sodium hydroxide (8 mL). The organic
phase was soparated, dried (magnesium sulfate) and the
solvent was removed under reduced pressure to give the title
compound (509 mg, 81% yield over 2 sieps).

[0643] Preparation 23

[0644] Biphenyl-2-ylcarbamic Acid  [-(2-{5-[(R)-2-(§-
Benzyloxy-2-oxo-1,2-dihydrequinolin-5-yl)-2-(tert-bu-
tyldimethyisilanyloxy)ethylamina}
pentylcarbamoyl}ethyl)piperidin-4-yl Ester

{0645 To the product of Preparation 20 (417 mg, 1.13
mmol) and HATU (430 mg, 1.13 mmol) was added the
product of Preparation 22 (458 mg, 0.90 mmol) in DMF (1.8
mL), followed by DIPEA (204 1L, 1.17 mmol). The reaction
mixture was stirred at 50° C. for 12 h, and then the solvent
was removed under reduced pressure. The crude residue was
dissolved in dichloromethane (10 mL). The resulting solu-
tion was washed with saturated aqueous sodium bicarbonate
solution (4 mL), dried (magnesium sulfale) and the solvent
was removed under reduced pressure. The crude residue was
purified by column chromatography (5-10% methancl/
dichloromethane and 0.5% NH,OH) to give the title com-
pound (240 mg, 31% yield).

[0646] Preparation 24

[0647] Biphenyl-2-ylcarbamic Acid  1-(2-{5-[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroquinolin-5-y1)-2-hydroxy-
cthylamino]pentylcarbamoyl}ethyl)piperidin-4-yl Ester
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[0648] To a stirred solution of the product of Preparation
23 (240 mg, 0.28 mmol) in dichloromethane (2.8 mL) was
added triethylamine trihydrofluoride (91 4L, 0.56 mmol).
The reaction mixture was stirred for 10 h, and then diluted
with dichloromethane (10 mL). The resulting solution was
then washed with saturated aqueous sodium bicarbonate
solution (5 mL), and then the organic phase was dried
(magnesium sulfate) and the solvent was removed under
reduced pressure to give the title compound (209 mg, 100%
yield).

Example 6

[0649] Biphenyl-2-ylcarbamic Acid 1-{(2-{5{(R)-2-Hy-
droxy-2-(8-hydroxy-2-ox0-1,2-dihydroguinolin-5-vl)ethy-
lamino Jpentylcarbamoyl}ethyl)piperidin-4-yl Ester, Diirif-
luoroacetate

[0650] To a stirred solution of the product of Preparation
24 (209 mg, 0.28 mmol) in ethanol (2.8 mL) was added
palladium (10 wt. % (dry basis) on activated carbon) (81
mg) and the reaction mixture was placed under an atmo-
sphere of hydrogen and stirred overnight. The reaction
mixture was then filtered and solvent was removed under
reduced pressure. The crude residue was purified by pre-
parative HPLC 1o give the title compound (58 mg). HPLC
(10-70) R,=2.30; MS m/z: [M+H*] caled for C,,H,sNsOy
656.34; found 656.6; [aF%5=-6.5 (c=1.0 mg/mL, water).

Example 6A

[0651] Biphenyl-2-ylcarbamic Acid 12-{5{(R)-2-Hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ylJethy-
lamino Jpentylcarbamoyl}ethyl)piperidin-4-yl Ester

[0652] Alternatively, the title compound can be prepared
as follows:

[0653] (a) 5-Chloropentanal

[0654] To a 2 L three-necked round-bottomed flask,
equipped with a magnetic stirrer, addition funnel and tem-
perature controller under nitrogen, was added 5-chloropen-
tanol (53 g, 0.433 mol) and dichloromethane (300 mL). This
mixture was cooled to 5° C. and 2 solution of sodium
bicarbonate (5 g, 0.059 mot) and potassium bromide (5.1 g,
0.043 mol) in water (225 mL) was added. 2,2,6,6-Tetram-
ethyl-1-piperidinyloxy free radical (TEMPO) (63 mg, 0.4
mmol) was added and then a 10 to 13% bleach solution (275
ml) was added dropwise through the addition funnel at a
rate such that the temperature was maintained at about 8° C.
(+-2° C.) with an ice cold bath (over about 45 min.). After
addition of the bleach was complete, the mixture was stirred
for 30 min. while maintaining the temperature at about 5° C.
A solution of sodium bisulfite (4 g) in water (30 mL) was
added and the resuiting mixture was stirred at room tem-
perature for 30 min. The layers of the mixture were then
separated, and the aqueous layer was extracted with dichlo-
romethane (1x50 mL). The combined dichloromethane lay-
ers were then washed with water (1x50 mL}), dried (MgSQ,),
filtered and concentrated under reduced pressure 1o afford
the title compound (53 g). The product was distilled at 65°
C./8 1orr 1o afford the title compound (31.16 g) as an orange
oil (GC purity was 70 to 80%).

[0655] The product was further purified by adding the
crude material (4 g) to a mixture of ethanol (920 mL), ethyl
acetate (12 mL) and water (4 mL). Sodium bisulfite (4 g)
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was added and the mixture was heated to reflux for 4 h and
then cooled to room temperature and stirred for 14 h al room
temperature to form a very thick slurry. The solids were
filtered on a coarse fritted filter, washed with the solvent
mixture (5 mL}) and the solids were dried on the filier to
afford 8.4 g of the bisulfite adduct. This material was then
added to MTBE (20 mL) and aqueous 1 N sodium hydroxide
(45 mL) was added with vigorous stirring. The resulting
biphasic mixture was stirred vigorously until all the solids
had dissolved (about 15 min) and then the layers were
separated. The aqueous layer was extracied with MTBE (20
mL) and the combined MTBE layers were dried (MgSO,,),
filtered and concentrated to afford 3.46 g of the title com-
pound as a colorless liquid (GC purity >90%).

[0656] (b) 5{(R)-2{Benzyl{5-chloropentyl)amino]-1-
(tert-butyldimethylsilanyloxy)ethyl}-8-benzyloxy-1H-
quinolin-2-one

[0657] To a i L three-necked round-bottomed flask was
added the product of Preparation 28 (48.4 g, 94 mmol),
dichioromethane (400 mL.) and glacial acetic acid (11.3 mE.).
This mixture was stirred at 0° C. (ice bath) and the product
from step () (12.5 g, 103.6 mmol) was added and stirring
was continwed for 15 min. Sodium trizcetoxyborohydride
(59.8 g, 282 mmol) was then added in portions over a 15
min. period and the resulting mixture was stirred at 0° C. to
10° C. for 2 h. Aqueous saturated sodium bicarbonate
solution (200 mL) was then added slowly (gas evolution)
and stirring was continued for 15 min. The pH of the
solution was then adjusted with solid sodium carbonate to a
pH of about 9 and the layers were separated. The organic
layer was washed with aqueous 5% sodium chloride solution
(200 mL), dried (MgS0O,), filtered and concentrated under
reduced pressure to afford the title compound (53 g).

[0658] (c) 5-[(R)-2-[(5-N,N-Diformylaminopentyl)benzy-
lamino]-1-(tert-butyldimethyl-silanyloxy)ethyl]-8-benzy-
loxy-1H-quinolin-2-one

[0659] To astirred solution of the product of step (b) (26.5
g, 42.8 mmol) in 1-methyl-2-pyrrolidinone (175 mL) was
added sodium diformylamide (6.1 g, 64.2 mmol) and
sodium iodide (2.13 g, 14.3 mmol). The reaction flask was
flushed with nitrogen and then the mixwre was heated at 65°
C. for 8 h. The mixture was then cooled to room temperature
and water (300 mL) and ethy] acetate (100 mL) were added.
This mixture was stirred for 10 min. and then the layers were
separated. The aqueous layer was extracted with ethyl
acetate (150 mL) and the combined organic layers were
washed with water (300 mL), aqueous 50% brine solution
(300 mL), water (300 mL), dried (MgSO,) filtered and
concentrate to afford the title compound {23.3 g).

[0660] (d) 5-[(R)-2-[(5-Aminopentyl)benzylamino]-1-
(tert-butyldimethylsilanyloxy)ethyl]-8-benzyloxy-1H-
quinolin-2-one

[0661] To a stirred solution of the product from step (c)
(10.5 g, 16 mmol) in methanol (75 mL) was added p-tolu-
enesulfonic acid (7.42 g. 39 mmol). The resulting mixture
was heated at 40° C. for 15 h and then concentrated under
reduced pressure to about half its volume. Methanol (70 mL)
was added and the mixture was heated at 50° C, for 2 h and
then concentrated under reduced pressure. Water (100 mL),
methanol (50 mL) and MTBE (100 mL) were added and this
mixture was stirred for 15 min and then the layers were
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separated. To the aqueous layer was added aquecus 1 N
sodium hydroxide (45 mL} and MTBE (100 mL), and this
mixture was stirred for 15 min. The lavers were then
separated and the aqueous layer was extracted with MTBE
(100 mL). The combined MTBE layers were dried
(MgS0,), filtered and concentrated to afford the title com-
pound as a yellow oil (7.3 g). This material contained about
13% (by HPLC) of the corresponding des-tert-butyldimeth-
ylsilyl compound.

[0662] (c) 3{4-(Biphenyl-2-ylcarbamoyloxy)piperidin-1-
yl]propionic Acid

[0663] To a solution of the product of Preparation 8 (50 g,
67.6 mmol) in dichloromethane (500 mL) was added acrylic
acid (15.05 mL, 100 mmol). The resulting mixture was
heated at 50° C. under reflux for 18 h and then the solvent
was removed. Methanol (600 mL) was added and this
mixture was heated at 75° C. for 2 b and then cooled to room
temperature to form a thick slurry. The solid was collected
by filtration, washed with methanol (50 mL) and air dried t0
afford the title compound (61 g, >96% purily) as while
powder.

[0664]) () Biphenyl-2-ylcarbamic Acid 1-[2-(5-{Benzyl-
[(R)-2-(8-benzyloxy-2-oxo-1,2-dihydroquinolin-5-y)-2-
(tert-butyldimethylsilanyloxy)ethyl]amino}-pentylcarbam-
oyljethyl]piperidin-4-y! Ester

[0665] A mixture of the product of step (e) (3.68 g, 10
mmol) and N,N-dimethyformamide (50 mL) was heated at
60° C. until the solid completely dissolved and then cooled
to room temperature. The product of step (d} (6 g, 10 mmol)
and diisopropyleibylamine (3.5 mL) was added and the
reaction mixture was cooled to 0° C. PyBOP (6.25 g, 12
mmol) was added in one portion and the reaction mixture
was stirred at 0° C. to room temperature for 2 hours. The
reaction mixture was then poured into cold water (500 mL)
with stiring and the pH of the resulting mixture was
adjusted to about 2 using aqueous 1 M hydrochloric acid.
This mixture was stirred for 15 min and then filtered to
collect the solid, which was washed with water (100 mL)
and dried to afford the title compound (8.7 g, HPLC purity
>095%) as an off-white solid.

[0666] (g) Biphenyl-2-ylcarbamic Acid 1-{2-{5{(R)-2-
Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
JethylaminoJpentylcarbamoyl Jethyl)piperidin-4-yl Ester

[0667] The product of step (f) can be deprotected using
essentially the same procedures as those described in Prepa-
ration 24 and Example 6 to afford the title compound.

[0668] Preparation 25
[0669] 2-(N-Benzyloxycarbonyl-N-methylaminc)ethanal

[0670] (a) 2-(N-Benzyloxycarbonyl-N-methylamino)et-
hanol

{0671] Benzyl chloroformate (19 g, 111.1 mmol) in THF
(20 mL) was added dropwise over 15 min to a stirred
solution of 2-{methylamino)ethanot (10 g, 133.3 mmol) in
THF {100 mL) and aqueous sodium carbonate (100 mL) at
0° C. The reaction mixture was stirred a1 0° C. for 12 h and
then extracted with EtOAc (2x200 mL). The organic layer
was washed with aqueous sodium carbonate (200 ml.) and
dried (potassium carbonate) and solvent was removed under
reduced pressure to give the title compound (22.5 g, 97%
yield).
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[0672] (b) 2-(N-Benzyloxycarbonyl-N-methylamino)et-
hanal

[0673] DMSO (71 mL, 1 mol) and DIPEA (87.1 mL, 0.5
mol) were added to a stirred solution of the product of step
(2) (20.9 g, 0.1 mol) in dichloromethane (200 mL) at -110°
C. The reaction mixture was stirred at —~10° C. for 15 min
and then sulfur trioxide pyridine complex (79.6 g, 0.5 mol)
was added and the resulting mixture was stirred for 1 hour.
The reaction mixture was quenched with addition of 1M
hydrochloric acid (200 mL). The organic layer was sepa-
rated and washed with saturated agueous sodium bicarbon-
ate (100 mL), brine (100 mL), dried (potassium carbonate)
and solvent removed under reduced pressure to give the title
compound (20.7 g, ~100% yield).

[0674] Preparation 26

[0675] Biphenyl-2-ylcarbamic Acid 1-{2-{methylamino-
JethylJpiperidin-4-yl Ester

[0676] To a stirred soluticn of the product of Preparation

25(20.7 g, 100 mmot) and the product of Preparation 8 {25 -

g, 847 mmol) in MeOH (200 mL) was added sodium
trizcetoxyborohydride (21.2 g, 100 mmol). The reaction
mixture was stirred for 12 h at ambient temperature and then
it was quenched with 2M hydrochloric acid and the solvent
was removed under reduced pressure. The residue was
dissolved in ethyl acetate (200 mL) and washed with satu-
rated aqueous sodium bicarbonate solution (100 mL} and
brine (50 mL), and then dried {magnesium sulfate) and the
solvent was removed under reduced pressure. The crude
residue was purified by celumn chromatography (50-90%
EtQAc/hexanes) to give biphenyl-2-ylcarbamic acid 1-[2-
(benzyloxycarbonyl-methylamino)ethyl]piperidin-4-yl ester
as an oil.

[0677] The oil was dissolved in methanol (100 ml) and
palladium (10 wt. % (dry basis) on activated carbon) (5 g)
was added. The reaction mixture was stirred under hydrogen
(30 psi) for 12 b and then filtered through Celite, which was
washed with methanol, and solvent was evaporated to give
the title compound (13.2 g, 44% yield).

[0678] Preparation 27

[0679] Biphenyl-2-ylcarbamic Acid 1-{2-[(6-Bromohex-
anoylymethylaminoJethyl} piperidin-4-y! Ester

[0680] 6-Bromohexanoyl chloride (3.23 mL, 21.1 mmol)
was added 1o a stirred solution of the product of Preparation
26 (6.2 g, 17.6 mmol) and DIPEA (6.13 mL, 35.2 mmol) in
dichloroethane (170 mL). The reaction mixture was stirred
for 1 hour and it was then diluted with EtOAc (250 mL) and
washed with saturated aqueous sodium bicarbonate solution
(2%200 mL) and brine (200 mL.), and then dried (magnesium
sulfate). The solvent was removed under reduced pressure to
give the title compound (6.6 g, 73% yield).

[0681] Preparation 28

[0682] 8-Benzyloxy-5{(R)-2-(N-benzyiamino)-1-(ter-
butyldimethylsilanyloxy)ethyi]-1H-quinolin-2-one

[0683] A stirred solution of the product of Preparation 13
(1.00 g, 2.05 mmol) and benzylamine (493 gL, 4.51 mmol}
in DMSO (1.7 mL) was heated at 105° C. for 4 h. The
reaction mixiure was allowed to cool and was then diluted
with EtOAc (10 mL) and the organic layer was washed with
saturated aqueous ammonium chloride solution (5 mL) and
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1N sodium hydroxide (5 mL), dried (MgSO,) and solvent
removed under reduced pressure. The crude residue was
purified by column chromatography (50% EtQAc/hexanes)
to give the title compound (700 mg, 67%). MS m/z: [M+H*]
caled for Cy,HagN,0,8i 515.27; found 515.5.

[0684] Preparation 29

[0685] Biphenyl-2-ylcarbamic Acid 1-{2-[(6-{Benzyl-
[(R)-2+(8-benzyloxy-2-0x0-1,2-dihydroquinolin-5-y1)-2-
(tert-butyldimethylsilanyloxy)ethylJamino }hexanoyl)-me-
thylaminoJethyl}piperidin-4-yl Ester

[0686] To a stirred solution of the product of Preparation
28 (807 mg, 1.57 mmol) and DIPEA (819 uL, 4.7 mmol) in
acetonitrile (3.14 mL) was added the product of Preparation
27 (995 mg, 1.88 mmol). The reaciion mixture was heated
10 80° C. for 24 h. The solvent was removed under reduced
pressure and the residue was dissolved in EtOAc (10 mL)
and then washed with saturated aqueous sodium bicarbonate
solution (5 mL), dried (magnesium sulfate), and the solvent
removed under reduced pressure. The crude material was
purified by column chromatography (4-6% MeOH/DCM) to
obtain the title compound (452 mg, 30% vield).

[0687] Preparation 30
{0688] Biphenyl-2-ylcarbamic Acid 1-{2-[(6-{Benzyl-

[(R)-2-(8-benzyloxy-2-ox0-1,2-dihydroquinclin-5-yi)-2-hy- .

droxyethylJamino}hexanoyl)methylamino Jethyl } piperidin-
4-yl Ester

[0689] To a stirred solution of the product of Preparation
29 (452 mg, 0.47 mmol) in dichloromethane (4.7 mL) was
added triethylamine trihydrofluoride (116 gL, 0.71 mmol).
The reaction mixture was stirred for 10 h. and then it was
diluted with dichloromethane (10 mL) and washed with
saturated aqueous sodium brcarbonate solution (5 mL). The
organic phase was then dried (MgSO,,) and the solvent was
removed under reduced pressure to give the title compound
(100% yield).

Example 7

[0690] Biphenyl-2-ylcarbamic Acid 1-{2-({6{(R)-2-Hy-
droxy-2+(8-hydroxy-2-oxo-1,2-dihydroquinolin-3-vl}ethy-
lamino]hexanoyl}methylamino)ethyl]piperidin-4-yl ~ Esler
Ditrifluoroacetate

[0691] To a stirred solution of the product of Preparation
30 (400 mg, 0.47 mmol) in ethanol (4.7 mL) was added
palladium (10 wt. % (dry basis) on activated carbon) (160
mg} and the reaction mixture was placed under an atmo-
sphere of hydrogen and stirred overnight. The reaction
mixture was then filtered and solvent was removed under
reduced pressure. The crude residue was purified by pre-
parative HPLC to give the title compound (73 mg). HPLC
{10-70) R;=2.33; MS m/z: [M+H"] caled for C,H,,N;O;
670.36; found 670. [@}°,=-9.4 (c=1.0 mg/mL, waler).

[0692] Preparation 31

[0693] Biphenyl-2-ylcarbamic Acid 1-[2-(4-(Aminometh-
yhphenylcarbamoyl)-ethyl]piperidin-4-yl Ester

(0694] To a stirred solution of 4-(N-tert-butoxycarbony-
laminomethyl)aniline (756 mg, 3.4 mmol), the product of
Preparation 20 (1.5 g, 4.08 mmol) and HATU (1.55 g, 4.08
mmol) in DMF (6.8 mL) was added DIPEA (770 uL, 4.42
mmol). The reaction mixture was stirred at 50° C. overnight
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and then the solvent was removed under reduced pressure.
The resulting residue was dissotved in dichloromethane (20
mL) and washed with saturated agueous sodium bicarbonate
solution (10 mL). The organic phase was then dried (mag-
nesium sulfate) and the solvent was removed under reduced
pressure. The crude product was purified by flash chroma-
tography (5-10% MeOH/DCM) to give a solid, which was
dissolved in TFA/DCM (25%, 30 wl) and stirred at room
temperature for 2 h. The solvent was then removed under
reduced pressure and the crude residue was dissolved in
dichloromethane (30 mL) and washed with IN sodium
hydroxide (15 mL). The organic phase was separated, dried
(magnesium sulfate) and the solvent was removed under
reduced pressure {o give the title compound (1.5 g, 94% over

2 sleps).
[0695] Preparation 32

[0696] Biphenyl-2-ylcarbamic Acid 1{2-{4-{[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihvdroquinolin-5-y1)-2-(tert-bu-
tyldimethylsilanyloxy)ethylaminc]
methyl}phenylcarbamoyl)ethyl]-piperidin-4-yl Ester

[0697] A solution of the product of Preparation 31 (489
mg, 1.04 mmol), the product of Preparation 13 (610 mg,
1.25 mmol), sodium bicarbonate (262 mg, 3.12 mmol) and
sodium iodide (203 mg, 1.35 mmol) in THF (0.52 mL} were
heated at 80° C. for 12 h. The reaction mixture was diluted
with dichloromethane (10 mL) and washed with saturated
aqueous sodium bicarbenate solution (5 mL). The organic
phase was dried (MgSQ,) and the solvent was removed
under reduced pressure. The crude residue was purified by
flash chromatography (10% MeOH/DCM) 1o give the title
compound as a solid (687 mg, 77% yicld).

[0698] Preparation 33

[0699] Biphenyl-2-ylcarbamic Acid 12-(4-{[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroquinolin-5-y1)-2-hydroxy-
ethylamino]methyl} phenylcarbamoyl)ethylpiperidin-4-yl
Ester ’

[0700] To a stirred solution of the product of Preparation
32 (687 mg, 0.8 mmol) in dichloromethane (8 mL) was
added triethylamine trihydrofluoride (261 xL, 1.6 mmol).
The reaction mixture was stirred for 10 h and then was
diluted with dichloromethane (20 mL} and washed with
saturated aqueous sodium bicarbonate solution (10 mL.). The
organic phase was then dried (magnesium sulfate) and the
solveat was removed under reduced pressure to yield the
title compound (500 mg, 81% yield).

Example 8

[070t] Biphenyl-2-ylcarbamic Acid 1-[2-(4-{[(R)-2-Hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yl)ethy-
lamino)methyl} phenylcarbamoyl)ethylJpiperidin-4-yl Ester
Ditrifluoroacetate

[0702] To a stirred solution of the product of Preparation
33 (500 mg, 0.65 mmol) in ethanol (6.5 mL) was added
palladium (10 wt. % (dry basis) on activated carbon) (200
mg) and the reaction mixture was placed under a hydrogen
aimosphere and stirred overnight. The reaction mixture was
then filtered and the solvent was removed under reduced
pressure. The crude residue was purified by preparative
HPLC to give the title compound (81 mg, 2 TFA salt). HPLC
(10-70) R=2.41; MS m/z: [M+H*] caled for C,oH, N0,
676.32; found 676.5.

N
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[0703] Preparation 34

[0704] Biphenyl-2-ylcarbamic Acid 1-(2-tert-Butoxycar-
bonylaminocthyl)piperidin-4-yl Ester

[0705] To a stirred sclution of the product of Preparation
8 (2.00 g, 6,76 mmol) and DIPEA (3.54 mL, 20.3 mmol) in
acetonilrile (67.6 mL) at 50° C. was added 2-tert-butoxy-
carbonylaminoethyl bromide (1.82 g, 8.11 mmol) and the
reaclion mixture was heated at 50° C. overnight. The solvent
was then removed under reduced pressure and the residue
was dissolved in dichloromethane (60 mL) and washed with
saturated aqueous sodium bicarbonate solution (30 mL). The
organic phase was dried (magaesium sulfate) and the solvent
was removed under reduced pressure. The crude residue was
punfied by column chromatography (5% MeOH/DCM) to
yicld the title compound as a solid (2.32 g, 78% yield).

[0706] Preparation 35

[0707] Biphenyl-2-ylcarbamic Acid 14(2-Aminoethyl)pip-
endin-4-yl Ester

[0708] The product of Preparation 34 was dissolved in
TFA/DCM (25%, 52 mlL) and stirred at room temperature
for 2 h. The solvent was then removed under reduced
pressure and the crude residue dissolved in dichloromethane
(30 mL) and washed with 1N sodium hydroxide (15 mL).
The organic phase was separated, dried (magnesium sulfate)
and the solvent was removed under reduced pressure to give
the title compound (1.61 g, 90% yield).

[0709] Preparation 36

{0710] Biphenyl-2-ylcarbamic Acid 1-[2-(4-Aminometh-
ylbenzoylamino)ethylJpiperidin-4-y! Ester

[0711] To a stirred solution of the product of Preparation
35 (339 mg, 1 mmol), 4-(tert-butoxycarbonylaminomethyi-
Ybenzoic acid (301 mg, 1.2 mmol) and HATU (456 mg, 1.2
mmol) in DMF (2 ml) was added DIPEA (226 ul, 1.3
mmol). The reaction mixture was stirred at room lempera-
ture overnight and then the solvent was removed under
reduced pressure. The resulting residve was dissolved in
dichtoromethane (20 ml) and washed with saturated aque-
ous sodium bicarbonate solution (10 mL). The organic phase
was dried (magnesium sulfate) and the solvent was removed
under reduced pressure. The crude product was dissolved in
TFAMCM (25%, 10 mL) and this mixture was stirred at
room temperature for 2 k. The solvent was removed under
reduced pressute and the crude residue was dissolved in
dichloromethane (15 ml) and washed with IN sodium
hydroxide (5 mL). The organic phase was separaied, dried
(magpesium sulfate) and the solvent was removed vnder
reduced pressure to afford the title compound (472 mg,
~100% over 2 steps).

[0712] Preparation 37

[0713] Biphenyl-2-ylcarbamic Acid 1-[2-(4-{[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroquinolin-5-y1)-2-(tert-bu-
tyldimethylsilanyloxy)ethylamino]
methyl}benzoylamino)ethyl]-piperidin-4-yl Ester

{0714] A solution of the product of Preparation 36 (520
mg, 1.1 mmol), the product of Preparation 13 (634 mg, 1.3
mmol), sodium bicarbonate (277 mg, 3.3 mmol) and sodium
todide (215 mg, 1.43 mmol) in THF (0.55 mL) was heated
at 80° C. for 12 h. The reaction mixlure was then diluted
with dichloromethane (10 mL) and washed with saturated
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aqueous sodium bicarbonate solution (5 mL). The organic
phase was then dried (magnesium sulfate) and the solvent
was removed under reduced pressure. The crude residue was
purified by flash chromatography (5-10% MeQH/DCM) 1o
give the title compound as a solid (316 mg, 33% yield).

f0715] Preparation 38

[0716] Biphenyl-2-ylcarbamic Acid 1{2-(4-{[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroquinolin-5-yl)-2-hydroxy-
ethylamino]methyl }benzoylamioo)ethyl]piperidin-4-yl
Ester

[0717] To a stirred solution of the product of Preparation
37 (316 mg, 0.36 mmol) in dichloromethane (3.6 mL) was
added nethylamine trihydrofluoride (117 4L, 0.72 mmol).
The reaction mixture was stirred for 10 h and was then
diluted with dichloromethane {10 mL) and washed with
saturated aqueous sodium bicarbonate solution (5 mL). The
organic phase was dried (MgSO,) and the solvent was
removed under reduced pressure to give the title compound,
which was used directly in the next step (100% yield).

Example 9

[0718] Biphenyl-2-ylcarbamic Acid 1-[2-(4-{[(R)-2-Hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}benzoylamino)ethyl piperidin-4-yl  Ester
Ditrifluoroacetate

[0719] To a stirred solution of the product of Preparation
38 (275 mg, 0.36 mmol} in ethanol (3.6 mL) was added
palladium (10 wt. % (dry basis) an activated carbon) (275
mg) and the reaction mixture was placed under a hyvdrogen
atmosphere and stirred overnight. The reaction mixture was
then fillered and the solven! was removed under reduced
pressure. The crude residue was purified by preparative
HPLC 1o yield the title compound (6 mg, 2 TFA salt). HPLC
(10-70) R;=2.26; MS m/z: [M+H"*] caled for CyoH, NsOg
676.32; found 676.5.

[0720] Preparation 39

[0721] Biphenyl-2-ylcarbamic Acid 1-(2-Aminoethyl)pip-
eridin-4-yl Ester 2-tert-Butoxycarbonylaminoethyl bromide
(1.22 g, 5.44 mmol) was added to a solution of the product
of Preparation 8 (1.46 g, 4.95 mmol) and diisopropylethy-
lamire (1.03 mL, 5.94 mmol) in acetonitrile (24 mL). The
reaction mixture was stirred at 65° C. for 12 hours, at which
time MS analysis showed that the reaction was completed.
The reaction mixture was concentrated io dryness and then
dichloromethane (10 mL) was added. Tnifluoroacetic acid
was added 1o this mixture and the mixture was stirred at
room temperature for 4 hours, al which time MS analysis
showed that the reaction was complete. The mixture was
then concentrated to half its volume and 1N sodium hydrox-
ide was added to the solution until the pH was adjusted to 14.
The organic layer was washed with brine, then dried over
magnesium sulfate and filtered. The filirate was concen-
trated to give 1.6 g of the title compound as a solid. MS m/z:
[M+H"*] caled for C, H,sN,0, 340.2; found 340.

[0722] Preparation 40

[0723] 5{(R)-2-(5-Aminopentylamino)-1-(tert-butyldim-
ethylsilanyloxy)ethyl]-8-benzyloxy-1H-quinalin-2-one

[6724] N-tert-butoxycarbonyl-1,5-diaminopentane  (1.04
g, 5.12 mmol) was added tc a solution of the product of
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Preparation 13 (1.00 g, 2.05 mmol) in dimethyl sulfoxide (2
mL). The solution was stirred 2t 75° C. for 12 hours, at
which time LCMS analysis showed that the reaction was
complete. The reaction mixture was then concentrated under
vacuum to dryness. To the residue was added dichlo-
romethane (2 mL) and rifluoroacetic acid (1 mL) was then
added. The solution was stirred at rcom lemperature for
about 3 hours, at which time MS analysis showed that the
reaction was complete. The solution was coacentrated to
half its volume and IN sodium hydroxide was added until
the pH was adjusted to 14. The organic layer was collected,
washed with brine, dried over magnesium sulfate and then
concentrated to yield 782 mg of the title compound as an oil.
MS m/z: [M+H"] caled for C,oH,,N;0,51 510.8; found 510.

[0725] Preparation 41

[0726) Biphenyl-2-ylcarbamic Acid 1{2-(3-{5-[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroquinolin-5-y1)-2-(tert-bu-
tyldimethylsilanyloxy)ethylamino]pentyl} -ureido)ethyl Jpi-
peridin-4-yl Ester

[0727] Carbonyl diimidazole (127 mg, 0.78 mmol) was
added to a solution of the product of Preparation 39 (266 mg,
.78 mmol) in dimethy! formamide (4 mL) and the resulting
mixture was sticred at room temperature for 3 hours. After
3 hours, the product of Preparation 40 (399 mg, 0.78 mmol)
was added o the reaction mixture and this mixture was
stirred for 12 hours at room temperature, at which time
LCMS analysis determined that the reaction was complete,
The reaction mixture was concentrated in vacuo and the
residue was diluted with ethyl acetate (5 mL). The organic
layer was washed 1wo times with saturaied sodium bicar-
bonate (5 mL) and then brine (5 mL). The organic laver was
dned over magnesium sulfate, filtered and then concentraled
to afford 597 mg of the title compound as a sclid which was
used without further purification. MS m/z: [M+H*] caled for
CsoHyoN.O,Si 875.5; found 875.

[0728] Preparation 42

[0729] Biphenyl-2-ylcarbamic Acid 1{2-(3-{5-[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroguinolin-5-y1)-2-hydroxy-
cthylamino]pentyt}ureido)ethyl]piperidin-4-yl Ester

[0730] Triethylamine trhydrofluoride (0.16 mL, 1.02
mmol) was added 1o a solution of the product of Preparation
41 (597 mg, 0.68 mmol) in tetrahydrofuran (3.4 mL) and this
mixture was stirred al room temperature for about 12 hours,
at which time the reaction was determined to be completed
by MS analysis. The reaction mixture was diluted with ethyl
acetale (5 mL) and this mixture was washed with 1N sodium
hydroxide (5 mL), brine, dried over magnesivm sulfatc and
concentrated to give 417 mg of the title compound as a solid.
MS my/z: [M+H*] caled for C,,H,N;O, 760.4; found 760.

Example 10

[0731] Biphenyl-2-ylcarbamic Acid 1{2-(3-{5-[(R)-2-hy-

" droxy-248-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
laminojpentylfureido)ethyl]jpiperidin-4-yl Ester Ditrifluoro-
acelate

{0732] A solution of the product of Preparation 42 (417
mg, 0.55 mmol) in ethanol (3 mL) was purged with nitrogen
for about 10 minutes. Palladium (10 wi. % (dry basis) on
activated carbon) (200 mg) was added and the solution was
flushed again with nitrogen for about 10 minutes. The flask
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was purged under vacuum and then filled with nitrogen three
times and then a hydrogen-filled balloon was placed over the
flask. The reaction mixture was stirred under hydrogen for
12 hours, at which time the reaction was determined to be
complete by MS analysis. The reaction mixture was then
filtered and the organic filtrate concentrated and purified by
HPLC (10-35% over 60 minule) to give 146 mg of the title
compound as a powder. MS m/z. [M+H'] caled for
C,H,N,O5 6714; found 670. HPLC (10-70) R =2.6 min-
uies,

Example 11

(0733] Biphenyl-2-ylcarbamic Acid 1-{3-(3-[5{(R)-2-
Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yl-
Jethylamino JpentylJureido)propyl lpiperidin-4-yl Ester
Ditrifiuoroacetate

[0734] Using the method described above in Preparations
39-42 and Example 10, and substituting 3-tert-Butoxycar-
bonylaminoprop-1-y! bromide for 2-tert-butoxycarbony-
laminoethyl bromide in Preparation 39, the title compound
was prepared. MS m/z: [M+H*] caled for CygH, gN,Og
685.4; found 684. HPLC (10 70) R =2.6 minules.

[0735] Preparation 43

[0736] 6-(2-Bromo-(R)-1-tert-butyldimethylsilyloxy-
Jethyl-2,2-dimethyl-1,3-benzodioxar

[0737] (a) 6-Bromo-2,2-dimethyl-4H-benzo [1,3]dioxine

[0738] To 5-bromo-2-hydroxybenzy! alcohol (93 g, 0.46
mol, available from Sigma-Aldrich) in 2.0 L of 2,2-
dimethoxypropane was added 700 mL of acetone, followed
by zinc chloride (170 g). Afier stirring for 18 hours, 1.0 M
aqueous sodium hydroxide was added uniil the agueous
phase was basic. Diethyl ether (1.5 L) was added to the
slurry and the organic phase was decanted into a separatory
funnel. The organic phase was washed with brine, dried over
Na_S0,, filtered and concentrated under reduced pressure 1o
give the title compound as an oil.

[0739] (b) 6-Acetyl-2,2-dimethyl-4H-benzo[1,3]Jdioxine

[0740] To the product of step (a) (110 g, 0.46 mol) in 1.0
L of THF at -78° C. was added 236 ml. (0.51 mol) of 2.14
M o-butyllithium in hexanes via a dropping funnel. After 30
minutes, N-methyl-N-methoxy acetamide (71 g, 0.69 mol,
available from TCI) was added. After 2 hours, the reaction
mixiure was quenched with water, diluted with 2.0 L of 1.0
M aqueous phosphate buffer (pH=7.0) and extracted once
with diethyl ether. The diethyl ether phase was washed once
with brine, dried over Na,SO,, fillered and concentrated
under reduced pressure lo give a light orange oil. The o1l was
dissolved in 2 minimum volume of ethyl acetate, diluted
with hexanes, and to give the title compound as a crystalline
solid.

[0741] (c) 6-Bromoacetyl-2,2-dimethyl-4H-benzo[ 1,3]di-
oxine

[0742] To the product of step (b} (23.4 g, 0.113 mol) in 600
mL of THF at -78° C. was added 135 mL of 1.0 M sodium
hexamethyldisilazane in THF (Sigma-Aldrich). After 1 hour,
trimethylsilyl chloride (15.8 mL, 0.124 mol) was added.
After another 30 minutes, bromine (5.82 mL, 0.113 mol)
was added. After 10 minuies, the reaction was quenched by
dituting the reaction mixture with diethyl ether and pouring
it onto 500 mL of 5% aqueous Na,$0, premixed with 500
mL of 5% aqueous NaHCO;. The phases were separated and
the organic phase was washed with brine, dried over

s(
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Na,S0,, filtered and concentrated under reduced pressure to
give the title compound as an oil that solidified upon storage
in the freezer.

[0743] (d) (R)-2-Bromo-1-(2,2-dimethy}-4H-benzof1,3]
dioxin-6-yl)ethanol

[0744] To the product of step (c) (10 g, 35.1 mmol) in 100
mL of THF was added the solid catalyst of Preparation 13,
step (c)(1) (0.97 g, 3.5 mmol). The solution was cooled to
between -20° C. and -10° C. and BH;-THF (35 mL, 35
mmot) diluted with 50 mL THF was added dropwise via a
- dropping funnel. After the addition was complete, the reac-
tion mixture was allowed to warm 1o ambient temperature.
After 30 minutes, the reaction mixture was quenched by
slow addition of 50 mL of methanol and then concentrated
to a thick oil. The oil was purified by silica gel chromatog-
raphy eluted with 1:2 ethyl acetate/hexanes. The fractions
were combined and concentrated to give the title compound
as an off-white solid.

[0745] (e) [(R)-2-Bromo-1-(2,2-dimethyl-4H-benzo[1,3)
dioxin-6-yl)ethoxy]-tert-butyldimethylsilane

[0746] To the product of step (d) (10 g, 34.8 mmol) and
imidazole (4.7 g, 69.7 mmol) dissolved in 100 mL DMF was
added tert-butyldimethylsilyl chloride (5.78 g, 38.3 mmol).
The reaction mixture was stirred for 18 hours. The reaction
mixture was then partitioned between 200 mL of saturated
sodium chloride and 200 mL of diethyl ether. The aqueous
layer was extracted with 200 mL of diethyl ether. The
organic layers were then combined, washed with saturated
sodium chloride (3x100 mL), dried over MgSQO, and con-
centrated. The product was purified by silica gel chroma-
tography, eluting with hexanes followed by 5% ethyl acetate
in hexanes. The desired fractions were combined and con-
centrated to give the title compound as an oil.

[0747] Preparation 44

[0748] Biphenyl-2-ylcarbamic  Acid  1-{9-[2-(ieri-Bu-
tyldimethylsilanyloxy)-2-(2,2-dimethyl-4H-benzof 1,3]di-
oxin-6-yl)ethylamino]nonyl }piperidin-4-y! Ester

[0749] The product of Preparation 43 (802 mg, 2.00
mmol) and sodiurn iodide (300 mg, 2.00 mmol) were stirred
in tetrahydrofuran (0.77 mL) for 15 min at ambieat tem-
perature. The product of Preparation 11 (675 mg, 1.54
mmol) and sodium bicarbonate (388 mg, 4.62 mmol) were
added and the reaction mixture was heated at 80° C. for 24
h. The reaction mixture was then cooled and water (2 mL)
was added. The mixture was then extracted with dichlo-
romethane (2x2 mL). The combined organic extracls were
dried (magnesium sulfate) and the solvent was removed
under reduced pressure. The crude residue was purified by
flash chromatography (5-10% methanol/dichloromethane)
(o give the title compound as a solid (798 mg, 1.05 mmol,
60% yield). MS m/z: [M+H"] caled for C,H,;N,0,Si
758.5; found 758.6.

[0750] Preparation 45

[0751) Biphenyl-2-ylcarbamic Acid 1-{9{2-(2,2-Dim-
ethyl-4H-benzo  [1,3]dioxin-6-yl)-2-hydroxyethylamino]
nonyl} piperidin-4-y! Ester

[0752]) Triethylamice trihydrofluoride (342 i, 2.10
mmol) was added to a stirred solution of the Product of
Preparation 44 (798 mg, 1.05 mmol) in dichloromethane
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(10.5 mL) at ambient temperature. The reaction mixture was
stirred for 24 h and it was then diluted with dichloromethane
{20 mL) and washed with saturated aqueous sodium bicar-
bondte (15 ml.). The organic layer was dried (magnesium
sulfate) and the solvent was removed under reduced pres-
sure. The crude title compound was isolated as an oil (659
mg, 1.02 mmol), which was used in the next step without
further purification. MS m/z: [M+H]caled for C35Hg3N505
644.4; found 644.8.

Example 12

{0753] Biphenyl-2-ylcarbamic  Acid  1-{$-[(R)-2-Hy-
droxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethylamino]
nonyl }piperidin-4-yl Ester Ditrifluoroacetate

[0754] Trifluoroacetic acid (2.80 mL) was added to a
stirred solution of the product of Preparation 45 (600 mg,
0.93 mmol) in THF/H,0 (14 mL, 1:1) and the reaction
mixture was stirred for 2 h at ambient temperature. The
reaction mixture was concentrated under reduced pressure
and dissolved in 20% MeCN/H.O then purified by prepara-
tive HPLC to yield the title compound (200 mg, 2TFA salt).
HPLC (10-70) R=2.76; MS m/z: [M+H"Jcaled for
C_H,;N,0, 604.4; found 604.3.

[0755]

[0756] 1-{1-(9-Benzylaminononyl)piperidin-4-yl]-3-bi-
phenyl-2-ylurea

[0757] N-Benzylamine (0.903 ml, 8.30 mmol) was added
1o a solution of the product of Preparation 4 (2.40 g, 5.52
mmol) in methanol (25 mL) and the resulting mixture was
stirred at ambient temperature. After 10 min, sodium triac-
etoxyborohydride (1.75 g, 8.30 mmol) was added to the
reaction mixture. The progress of the reaction was followéd
by HPLC analysis. After 2 h at ambient temperature, the
reaction was quenched with water (5 mL) and then concen-
trated to half its volume under vacuum. The reaction mixture
was diluted with dichloromethane (15 mL) and washed with
1N sodium hydroxide (2x10 mL}) and then brine (5 mL). The
organic layer was dried over magnesium sulfate and con-
cenlrated to yield the tille compound.

[0758] Preparation 47

[0759] 2-Benzyloxy-5-2-bromoacetyl)benzoic
Methy! Ester

[0760] (a) 2-Benzyloxy-5-acetylbenzoic Acid Methyl
Ester

[0761] Methyl S-acetylsalicylate (100 g, 0.515 mol) was
dissolved in acetonitrile (1 L) in a 2 L flask under reflux
conditions and a nitrogen atmosphere. Polassium carbonate
(213.5 g, 1.545 mol) was added portion-wise over 15 min.
Benzyl bromide (67.4 ml, 0.566 mol) was added using a
dropping funnel over 15 min. The reaction was heated to 85°
C. for 9 h, and then fittered and rinsed with acetonitrile {100
mlL). The solution was concentrated to about 300 mL
volume under reduced pressure and partitioned between
water (1 L) and ethyl acetate (1 L). The organic layer was
washed with saturated sodium chloride (250 mL), dried
using magnesium sulfate (75 g}, and thea filtered and rinsed
with ethy! acetate (100 mL). The organic layer was concen-
trated to give 2-benzyloxy-5-acetylbenzoic acid methyl ester
as a sohd (160% yield).

Preparation 46

Acid
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[0762] (b) 2-Benzyloxy-5-(2-bromoacetyl)benzoic Acid
Methyl Ester

[0763] The product of step (a) (10.0 g, 35.2 mmol) was
dissolved in chloroform (250 mL) in a 500 mL flask under
a nitrogen atmosphere. Bromize (1.63 mL, 31.7 mmol)
dissolved in chloroform (50 mL) was added using 2 drop-
ping funnel over 30 min. The reaction mixture was stirred
for 2.5 h and then concentrated to give a solid. The solid was
dissolved in toluene (150 mL) with some gentle heat,
followed by the addition of ethyl ether (150 mL) to yield the
title compound as a crystalline solid (55% yield).

(0764] Preparation 48

[0765) 5{2-(Benzyl-{9{4-(3-biphenyl-2-ylureido)piperi-
din-1-yllnonyl}amino)acetyl]-2-benzyloxybenzoic  Acid
Methyl Ester

[0766] The product of Preparation 47 (371 mg, 1.00
mmol) was added 1o a solution of the product of Preparation
46 (448 mg, 0.85 mmol) in dimethyl sulfoxide (4.5 mL)
followed by the addition of potassium carbonate (234 mg,
1.7 mmol). The reaction mixture was stirred at 40° C. for 6
h, at which time the product of Preparation 46 was no longer
observed by HPLC analysis. The reaction mixture was
cooled to ambient temperature and filiered, and then diluted
with ethanol (4 mL). Sodium borohydride (63 mg, 1.7
mmol) was added to the reaction mixture and the reaction
was stirred at ambient temperature for 24 h. The reaction
mixture was quenched with 0.5 M ammonium chloride (5
mL}) and extracted into ethyl acetate (2x10 mL). The com-
bined organic layers were washed with saturated sodium
bicarbonate (10 mL) and then with brine (5 ml). The
organic layer was dried over magnesium sulfate and the
solvent was removed under reduced pressure. The crude
residue was purified by chromatography on silica gel (3%
methanol in chloroform) to give the title compound.

[0767] Preparation 49

[0768] 1{1-(9-{Benzyl{2-(4-benzyloxy-3-hydroxymeth-
ylpheny!)-2-hydroxyethyl]amino }nonyl)piperidin-4-y1}-3-
biphenyl-2-ylurea

[0769] A solution of the product of Preparation 48 (163
mg, 0.20 mmot) in tetrahydrofuran (1.00 mL) was cooled to
0° C. Lithium aluminium hydride (1.0 M in THF; 0.50 mL,
0.50 mmol) was added dropwise to the mixture. After 1 b,
the reaction mixture was quenched with water (1 mL) and
diluted with ethyl acetate (2 mL). The organic layer was
washed with brine, dried over magnesium sulfate, and the
organic extracts were combined and concentrated (o give the
ntle compound.

Example 13

[0770] 1-Biphenyl-2-yl-3-(1-{9-[2-hydroxy-2-(4-hy-
droxy-3-hydroxymethylphenyl)ethylamino}
nonyl}piperidin-4-ylurea Dihydrochloride

[0771] A solution of the product of Preparation 49 (130

mg, (.16 mmol) in isopropanol (0.80 ml) was flushed with
nitrogen for ten minutes and then palladium (10 wt. % (dry
basis) on activated carbon (60 mg) was added. The reaction
flask was purged with nitrogen and then a balloon filled with
hydrogen was attached to the flask and the reaction mixture
was stirred under an atmosphere of hydrogen. After 72 h, the
reaction mixture was fillered and coocentrated and the
residue was purified by preparative HPLC. The resulting
ditrifluoroacetic acid salt of the title compound was dis-
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solved in 1IN hydrochloric acid (5 mL) and lyophilized to
yield the title compound as its dihydrochleride salt.

[0772] Preparation 50

[0773] S{(R)-2{(3-Aminomethylcyclohexylmethy-
Damino]-1{tert-butyldimethylsilanyloxy)ethyl]-8-benzy-
loxy-1H-quinolin-2-one

[0774] A stirred solution of the product of Preparation 13
(146 g, 3 mmol) and 1,3-cyclohexanebis(methylamine)
(426 mg, 3 mmol) in DMSO (3 mL) was heated at 100° C.
for 6 h. The reaction mixture was allowed to cool and it was
then diluted with dichloromethane (20 mL) and washed with
saturated aqueous sodivm bicarboaate solution (10 mL). The
organic layer was dried (MgSO,) and the solvent was
removed under reduced pressure. The crude residue was
purified by flash chromatography (10% Me¢OH/DCM and
0.5% NH,0H) 1o give the title compound as a solid (775 mg,
50% yield). MS m/z: [M+H"] caled for Cy,H,,N;0,Si
550.3; found 550.6.

[0775] Preparation 51

10776] Biphenyl-2-ylcarbamic Acid 1-{2-{(3-{[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydro-quinolin-5-yl)-2(tert-bu-
tyldimethylsilanyloxy)ethylamino]methyl }-cyclohexylm-
ethyl)carbamoyl]ethyl}piperidin-4-yt Ester

[0777] To astirred solution of the product of Preparation
50 (552 mg, 1.01 mmol), the product of Preparation 20 (309
mg, 0.84 mmol) and HATU (384 mg, 1.01 mmol) in DMF
(1.68 mL) was added DIPEA (190 ul., 1.09 mmal). The
reaction mixture was sticred at 50° C. overnight and then the
solvent was removed under reduced pressure. The resulting
residue was dissolved in dichloromethane (20 ml) and
washed with saturated aqueous sodium bicarbonate solution
(10 mL). The organic phase was dried (magnesium sulfate)
and the solvent was removed uader reduced pressure. The
crude product was purified by flash chromatography (5-10%
MeOH/DCM) to give the title compound as a solid (267 mg,
36% yield). LCMS (10-70) R,=5.04. MS m/z: [M+H"*] caled
for Cq3HNsQSi 900.35; found 900.6.

[0778] Preparation 52

[0779] Biphenyl-2-ylcarbamic Acid 1-{2-[(3-{[(R)-2-(8-
Benzyloxy-2-ox0-1,2-dihydroquinolin-5-yl)-2-hydroxy-
ethylamino]methyl }eyclohexyimethyl)carbamoyl]
cthyl}piperidin4-yl Esler

[0780] To a stirred solution of the product of Preparation
51 (267 mg, 0.30 mmol) in dichioromethane (3 mL) was
added triethylamine trihydrofluoride (98 «L, 0.6 mmol). The
reaction mixture was stirred for 10 b and then it was diluted
with dichloromethane (10 mL) and washed with saturated
aqueous sodium bicarbonate solution (5 mL). The organic
phase was dried (magensivm sulfatc) and the solvent was
removed under reduced pressure to give the title compound
as a solid (236 mg, 100% yield). MS m/z: [M+H*] caled for
C,7HssNO4 786.4; found 786.5.

Example 14

[0781] Biphenyl-2-ylcarbamic Acid 1{(2{(3-{[(R)-2-Hy-
droxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl} -cyclohexylmethyl)carbamayljethyl }-pip-
eridin-4-yl Ester

[0782} Palladium (10 wt. % (dry basis) on activated car-
bon}) (120 mg) was added to a stirred solution of the product

of Preparation 52 (236 mg, 0.30 mmol) in ethano! (3 mL).
The reaction mixture was placed under a hydrogen atmo-
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sphere and stirred overnight. The reaction mixture was then
fillered and the solvent was removed under reduced pres-
sure. The crude restdue was purified by preparative HPLC to
give the title compound (27 mg, 2 TFA salt). HPLC (10-70)
R;=2.76. MS m/z: [M+H"] caled for C,oH N0, 696.4;
found 696.6.

[0783] Preparation 53

(0784] Biphenyl-2-ylcarbamic Acid 1-{2{((1R,35)-3-
Aminocyclopentanecarbonyl)amine]-ethyl} piperidin-4-yl
Ester

(0785] To a stirred solution of the product of Preparation
39 (318 mg, 0.94 mmol), (IR,3S)-3-tect-butoxycarbony-
laminocyclopentanecarboxylic acid (258 mg, 1.1 mmol) and
HATU (428 mg, 1.1 mmol) in DMF (5 mL) was added
DIPEA (245 pl, 1.09 mmol). The reaction mixture was
stirred at room temperature overnight and then 1he solvent
was removed under reduced pressure. The resulling residue
was dissolved in dichloromethane (20 mL) and washed with
saturated aqueous sodium bicarbonate solution (10 mL). The
organic layer was dried (magnesium sulfate) and 1he solvent
was removed under reduced pressure. The crude product
was purified by flash chromatography (5-10% MeQH/DCM)
and then dissolved in a trifluoroacetic acid/DCM mixture (1
mL/5 mL) and stirced at room temperature for 1 h. The
solvent was removed under reduced pressure. The residue
was dissolved in dichloromethane (20 mL) and washed with
IM sodium hydroxide (10 mL}, dried (magnesium sulfate)
and the solvent reduced to yield the title compound (167 mg,
39% yield). :

(0786] Preparation 54

{0787} Biphenyl-2-ylcarbamic Acid 1{2-({{1R,35)-3-
[(R)-2-(8-benzyloxy-2-oxo-1,2-dihydroquinolin-5-yl)-2-
(tert-butyldimethylsilanyloxy)ethylamino]-
cyclopentanecarbonyl}aminoJethyl|piperidin-4-y] Ester

[0788] A stirred solution of the product of Preparation 53
(167 mg, 0.38 mmol) and the product of Preparation 13 (92
mg, 0.19 mmol) in DMSO (0.38 mL) was heated at 90° C.
for 5 h. The solution was cooled and diluted with ethyl
acetate (10 mL) and then washed with saturated aqueous
sodium bicarbonate (5 mL). The organic phase was dried
(magnesium sulfate) and the solvent was removed under
reduced pressure. The crude product was purified by flash
chromatography (5-10% MeOH/DCM) to yield the title
compaound (343 mg, 100% yield). LCMS (10-70) R,=4.97.
MS mfz: [M+H*] caled for C,oH ,N,O,Si 858.5; found
838.8.

[0789] Preparation 55

[0790] Biphenyl-2-ylcarbamic Acid 1{2-({(1R,35)-3-
[(R)-2~(8-benzyloxy-2-0x0-1,2-dihydroquinolin-5-y1)-2-hy-
droxyethylaminoJcyclopentanecarbonyl famino)ethyl]-pip-
eridin-4-yl Ester

[0791] To a stirred solution of the product of Preparation
54 (343 mg, 0.4 mmol) in THF (2 m1.) was added trethy-
lamine trihydrofluoride (130 L, 0.8 mmol). The reaction
mixture was stirred for 10 h and was then diluted with
EtOAc (10 mL). The reaction mixiure was washed with
saturated aqueous sodium bicarbonate solution (5 mL) and
then the organic phase was dried {magpesium sulfate) and
the salvent was removed under reduced pressure to give the
tille compound as a solid (298 mg, 100% yield). HPLC
(10-70) R=2.8. MS m/z: [M+H"] caled for C, H N0,
744.4; found 744 4.
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Example 15

[0792] Biphenyl-2-ylcarbamic Acid 1{2-({(1R,35)-3-
[(R)-2-Hydroxy-2-(8-hydroxy-2-ox0-1,2,3,4-letrahydro-
quinolin-5-yl)ethylamino}-
cyclopentanecarbonyl }aminoJethyl]-piperidin-4-yl
Ditrifluoroacetate

Ester

[0793] To a stirred solution of the product of Preparation
55 (236 mg, 0.40 mmol) in ethanol (3 mL) was added
palladium (10 wt. % (dry basis) on activated carbon (120
mg). The reaclion mixture was placed under a hydrogen
atmosphere and stirred overnight. The reaction mixture was
filtered and the solvent was removed under reduced pres-
sure. The crude residue was purified by preparative HPLC to
give the title compound (3 mg, 2 TFA salt). HPLC (5-75)
R,=2.18. M§ m/z: [M4H*] calcd for Cy5H, sN:O4 656.3;
found 656.2.

[0794] Preparation 56

[0795] 4-(tert-Butoxycarbonylaminomethyl)-2-chlo-
rophenylamine

[0796] A stirred solution of 4-aminomethyl-2-chlorophe-
nylamine (940 mg, 6 mmol) and di-tert-butyl dicarbonate
(1.44 g, 6.6 mmol) in dichloromethane (30 mL) was stirred
at room temperature for 4 h, at which time the reaction was
determined to be complete by LCMS. The reaction mixture
was then washed wiih saturated aqueous sodium bicarbonate
(15 mL) and the organic layer was dried over sodium sulfate
and the solvent was removed under reduced pressure. The
resulting orange solid was recrystallized from ethyl acetate
ta give the title intermediate as a white solid (~100% vield).

[0797] Preparation 57

[0798] N-{4-(ten-Butoxycarbonylaminomethyl)-2-chlo-
rophenyljacrylamide

[0799] To a stirred solution of the product of Preparation
56 (1.54 g, 6.0 mmol) in a mixture of diethyl ether (35 mL)
and 1 M sodium hydroxide (35 ml.) was added dropwise
acryloyl chloride (687 1L, 8.45 mmol). After 1 b, the organic
layer was separated, dried (Na,SO,) and the solvent was
removed under reduced pressure to give the title intermedi-
ate as a white solid (1.8 g, 96% yield).

[0800] Preparation 58

[0801] Biphenyl-2-ylcarbamic Acid 1-[2-(4-(tert-Butoxy-
carbonylaminomethyl)-2-chlorophenylcarbamoyl)ethyl]pi-
peridin-4-yl Ester

[0802] A solution of the product of Preparation 8 (1.04 g,
3.5 mmol) and the product of Preparation 57 (1.19 g, 3.85
mmol) in a mixture of dichloromethane and methanol {12
mL, 1:1) was heated at 60° C. for 12 h. The reaction mixture
was allowed to cool and the solvent was removed under
reduced pressure. The crude material was purified by col-
umn chromatography (5-10% MeOH/DCM) 1o give the title
intermediate as a while solid (2.00 g, 94% yield).

[0803] Preparation 59

[0804] Biphenyl-2-ylcarbamic Acid 1{2-(4-Aminom-
ethyl-2-chlorophenylcarbamoyl)ethyl]-piperidin-4-vl Ester

[0805] Asolution of the product of Preparation 58 (2.00 g,
3.3 mmol) was stirred in dichloromethane (24 mL) and TFA
(8 mL) for 1 h and then the sclvent was removed under
reduced pressure. The crude reaction mixture was dissolved
in dichloromethane (30 mL) and washed with 1 M sodium
hydroxide (2x30 mL). The organic layer was dried
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(N2,S0,) and the solvemt was removed under reduced
pressure to give the title intermediate as an oily white solid
(1.46 g, 88% yield).

[0806] Preparation 60

{0807] Biphenyl-2-ylcarbamic Acid 1{2-(4-{[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroquinolin-5-y1)-2-(tert-bu-
tyldimethylsilanyloxy)ethylamino]methyl]-2-chlorophenyl-
carbamoyl)-ethyl Jpiperidin-4-y! Ester

[0808] A stirred solution of the product of Preparation 59
(L.41 g, 2.79 mmol) and the product of Preparation 13 (680

mg, 1.39 mmol) in DMSO (1.39 mL) was heated at 90° C.
for 8 b and then cooled to room temperature. The reaction

mixture was diluted with ethyl acetate/chloroform (20 ml, -

1/1) and the organic layer was washed wilh salurated aque-
ous sodium bicarbonate (10 mL), dried (N2,50,) and the
solvent removed under reduced pressure. The resulting
crude residue was purified by column chromatography
(5-10% McOH/DCM) 10 give the title intermediate as a
white solid (1.12 g, 88% yield). MS m/z M+H*=914.9,

[0809] Preparation 61

[0810] Biphenyl-2-yl-Carbamic Acid 1-[2-(4-{[(R)-2-(8-
Benzyloxy-2-oxo-1,2-dihydroquinolin-5-y1)-2-hydroxy-
¢thylamino]methyl }-2-chlorophenylearbamoyl)ethyl Jpip-
eridin-4-y] Ester

[0811) To a stirred solution of the product of Preparation
60 (1.12 g, 1.23 mmol) in dichloromethane (12 ml) was
added Et,N.3HF (401 xL, 0.6 mmol). The reaction mixture
was stirred for 10 b and then diluted with dichloromethane
(10 mL}). This mixture was washed with saturaied aqueous
sodium bicarbonale solution (5 mL) and the organic layer
dned (Na,SO,} and the solvent removed under reduced
pressure to give the title intermediate as a white solid (959
mg, 100% vield). MS m/z M+H*=800.5.

Example 16

{0812] Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-{
[(R)-2-hydroxy-2+{8-hydroxy-2-0x0-1,2-dihydroquinolin-
5-yl)ethylaminc]methyl}phenylcarbamoyi)ethyl Jpiperidin-
4-y| Ester Ditrifluoroacetate

[0813] To a stirred solution of the product of Preparation
61 (959 mg, 1.2 mmol) in ethanol (12 mL) was added Pd/C
(290 mg) and the reaction mixture was placed under a
hydrogen atmosphere and stirred overnight. The reaction
mixture was then filiered and the solvent removed under
reduced pressure. The crude residue was purified by pre-
parative HPLC 1o give the title compound (67 mg, 2 TFA
salt). HPLC (10-70) R;=2.76; MS m/z M+H*=710.6.

[0814] Preparation 62

[0815] 2-Chloroethanesulfonic Acid (5-teri-Butoxycarbo-
nylaminepentyl)amide

[0816] To a stirred solution of 5<(tert-butoxycarbonylami-
no)pentylamine (1.00 g, 4.94 mmol) and triethylamine (689
4L g, 494 mmol) in dichloromethane (22 mL) at 0° C. was
added 2-chloro-1-ethanesulfonyl chloride (470 :I., 4.50
mmol). The reaction mixture was stirred for 2 h at room
temperature and then washed with saturated aqueous sodium
bicarbonate solution (15 mL). The organic layer was dried
(Na.S0,) and the solvent was removed under reduced
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pressure 1o give the title compound (100% yield), which was
used in the next slep without further purification.

[0817] Preparation 63

[0818] Biphenyl-2-ylcarbamic Acid 1{2-(5-tert-Butoxy-
carbonylaminopeatylsulfamoyl)-ethylJpiperidin-4-yl Ester

[0819] A solution of the product of Preparation 8 (1.33 g,
3.5 mmotl) and the product of Preparation 62 (1.62 g, 4.94
mmol) in dichloromethane and methaool (22 mL, 1:1) was
heated at 60° C. for 5 h. The reaction mixture was allowed
to cool to room temperature and the solvent was removed
under reduced pressure. The crude residue was dissolved in
dichloromethane (20 mL) and washed with salurated ague-
ous sodium bicarbonate solution (10 mL). The organic layer
was then dried (Na,SO,) and solvenmt removed under
reduced pressure. The crude residue was purified by column
chromatography (5-10% MeOH/DCM) to give the title
intermediate as a white solid (1.6 g, 55%). MS m/z M+H"=
589.6.

[0820] Preparation 64

[0821] Biphenyl-2-ylcarbamic Acid 1 {2-(5-Aminopentyl-
sulfamoyl)ethyl]piperidin-4-yl Ester

[0822] A solution of the product of Preparation 63 (1.6 g,
2.72 mmol) was stirred 1n dichloromethane (21 mL) and
TFA (7 mL) for 1 b and then the solvent was removed under
reduced pressure. The crude reaction mixture was dissolved
in dichloromethane (30 mL) and washed with 1 M sodium
hydroxide (2x30 mL). The organic layer was dried
(Na,S0,) and the solvent was then removed under reduced
pressure lo give the title intermediate as an oily white solid
(1.19 g, 90% yield).

[0823] Preparation 65

[0824] Biphenyl-2-ylcarbamic Acid 1-(2-{5-[(R)-2-(8-
Benzyloxy-2-0xo-1,2-dihydroquinolin-5-yl)-2-(tert-bu-
tyldimethylsilanyloxy)ethylamino)
pentylsulfamoyl}ethyl)piperidin-4-yi Ester

[0825] A stirred solution of the product of Preparation 64
(917 mg, 1.88 mmol) and the product of Preparation 13 (460
mg, 0.94 mmol) in DMSO (0.92 mL) was heated at 90° C.
for 8 h and then cooled 10 room temperature. The reaction
mixture was diluted with ethyl acetate/chlorotorm (20 mlL,
1/1) and the organic layer was washed with saturated aque-
ous sodium bicarbonate solution (10 mL), dried (N2.S0,)
and the solvent was removed under reduced pressure. The
resulling crude residue was purified by column chromatog-
taphy (3-6% MeOH/DCM) to give ihe title intermediate as
a white solid (500 mg, 60% yield). MS m/z M+H*=896.9.

[0826] Preparation 66

[0827] Biphenyl-2-ylcarbamic Acid 1-(2-{5-[(R)-2-(8-
Benzyloxy-2-0x0-1,2-dihydroquinolin-5-y1)-2-hydroxy-
ethylamine Jpentylsulfamoyl}ethyl)piperidin-4-yl Ester

[0828] 7o a stirred solution of the product of Preparation
65 (500 mg, 0.56 mmol) in dichloromethane (5.6 mL) was
added triethylamine trihydrofluoride (183 4L, 1.12 mmol).
The reaction mixture was stirred for [0 h and dichlo-
romethane (10 mL) was added. The resulting mixture was
washed with saturated aqueous sodium bicarbonate solution
(5 mL). The organic layer was dried (Na,80,) and the
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solvent was removed under reduced pressure to give the title
intermediate as a yellow solid (437 mg, 100% yield. MS m/z
M+H"=782.8.

Example 17

[0829] Biphenyl-2-ylcarbamic Acid 1-(2-{5{(R)-2-Hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-vl)ethy-
lamino]pentylsulfamoyl}ethylpiperidin-4-yl Ester Ditrif-
luoroacetate

[0830] To a stirred solution of the product of Preparation
66 (437 mg, 0.56 mmol) in ethanolmethanol (5.6 mL, 1/1)
was added Pd/C (131 mg) and the reaction mixture placed
under a hydrogen atmosphere and stirred overnight. The
reaclion mixture was then filtered and the solvent was
removed under reduced pressure. The crude residue was
purified by preparative HPLC to give the title compound as
the ditnflucroacetic acid salt (71 mg). HPLC (10-70)
R;=2.59; MS m/z M+H"=652.6.

[0831] Preparation 67

[0832] Biphenyi-2-ylcarbamic Acid 1-{2{(4-Formylben-
zenesulfonyl)methylamino]-ethyl}piperidin-4-yl Ester

[0833] To a stirred soluiion of the product of Preparation
26 (350 mg, 1 mmol}) and triethylamine (167 L., 1.2 mmol)
in dichloromethane (5 mL) was added 4-formylhenzene-
sulfonyl chloride (225 mg, 1.1 mmol). After 1 h at room
ternperature, the reaction was complete by MS and the
reaction mixture was then washed with saturated aqueous
sodium bicarbonate solution (5 mL). The organic layer was
then dried (Na,S0,) and solvent removed under reduced
pressure to give the title intermediate (323 mg, 62% yield).
MS m/z M+H*=522 4,

[0834)

[0835] Biphenyl-2-ylcarbamic Acid  1-{2{(4-{[(R)-2-
(tert-ButyMimethylsilanyloxy)-2-(8-hydroxy-2-oxo-1,2-di-
hydroquinolin-5-yl)ethylaminoJmethyl}benzenesulfonyl)-
methylamino Jethyl} piperidin-4-yl Ester

(0836] A solution of 5{(R)-2-amino-1-(tect-butyldimeth-
ylsilanyloxy)ethyl]-8-hydroxy-1H-quinolin-2-one (293 mg,
0.74 mmol) and the product of Preparation 67 in dichlo-
romethane and methanol (6.2 mL, 1/1} was stirred at room
temperature for 1 h and then sodium triacetoxyborohydride
(394 mg, 1.86 mmol) was added. The reaction mixture was
stirred for 4 b at which time the reaction was determined to
be complete by MS. The reaction mixture was then acidified
with concentrated hydrochloric acid and lhe solvent was
removed under reduced pressure lo provide the title com-
pound, which was used in the next step withoul further
punification. MS m/z M+H*=840.8.

Preparation 68

Example 18

[0837] Biphenyl-2-ylcarbamic Acid 1-{2{(4-{[(R)-2-Hy-
droxy-2+(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yl)ethy-
laminoJmethyl}benzenesulfonyl)methylaminoJethyl } -pip-
eridin-4-y! Ester Ditrifluoroacetate

[0838] A stirred solution of the product of Preparation 68
(520 mg, 0.62 mmol) in IM hydrochloric acid (5 mL) and
acetonitrile (5 mL) was heated a1 60° C. for 8 b. The reaction
mixture was cooled to reom temperature and the solveat was
removed under reduced pressure. The crude residue was
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purified by preparative HPLC to give the title compound as
the ditrifluoroacetic acid salt (220 mg). HPLC (10-70)
R.=2.77, MS m/z M+H"=726.7.

{0839] Preparation 69
{0840] (3-Aminomethylphenyi)methanol Hydrochloride
{0841] (a) (3-ten-Bwtoxycarbonylmethylphenyl)methanol

[0842] Borane dimethyl sulfide (2.05 mL, 21.6 mmol) was
added 1o a solution of 3-(tert-butoxycarbonylaminomethyl-
Ybenzoic acid (1.81 g, 7.20 mmol) in tetrahydrofuran (24
mL). and the resulting mixture was stirred at room tempera-
ture for 3 hours. The reaction mixture was then diluted with
ethyl acetate (20 mL) and the layers were separaled. The
organic layer was washed with salurated sodium bicarbon-
ate, saturated sodium chloride, dried over magnesium sulfate
and concentrated to give the title compound as a yellow oil

{1.71 g).

[0843] (b) (3-Aminomethylphenyl)methanol Hydrochlo-
ride

[0844] To the product of step (a) (1.71 g, 7.2 mmol) was
added a solution of 4 M hydrochloric acid in dioxane (9 mL,
36 mmol) and the resulting miXture was stirred at room
temperature for 1 h. The reaction mixture was then concen-
trated and the residue was diluted with diethyl ether (S0 mL)
and filtered to provide the title compound as a white solid

(109 g).
[0845] Preparation 70

[0846]) Biphenyl-2-ylcarbamic ~ Acid  1-{2-[3-(3-Hy-
droxymethylbenzyljureidoJethyl} piperidin-4-y! Ester

[0847] A 0.2 M solution of the product of Preparation 35
(760 mg, 2.24 mmol) in N,N-dimethylformamide was added
dropwise 1o a solution of 1,1'-carbonyldiimidazole (364 mg,
224 mmol) and diisopropylethylamie (0.31 mlL, 2.24
mmol) in N,N-dimethylformamide (11 mL) and the resulting
mixture was stirred at room temperature for 2 b, Diisopro-
pylethylamine (0.31 mL, 2.24 mmol) and the product of
Preparation 69 (578 mg, 3.4 mmol) were added and this
mixture was stirred at 50° C. for 12 hours. The reaction
mixture was then concentrated to dryness and the residue
was diluted with dichloromethane (20 mL) and this solution
was washed with saturated sedium bicarbonate (2x), satu-
rated sodium chloride, dried over magnesium sulfate, and
concentrated to provide the title compound (1.12 g). LCMS
(2-90) R=4.01 min,; MS m/z M+H=503.5.

[0848] Preparation 71

[0849] Biphenyl-2-ylcarbamic Acid 1-{2{3-(3-Formy!-
benzyl)ureidolethyl }piperidin-4-y! Ester

[0850] A solution of the product of Preparation 70 (1.12 g,
2.23 mmol) in dichloromethane (11.1 mL) was cooled to 0°
C. and diisopropylethylamine (1.17 ml., 6.70 mmol) and
dimethyl sulfoxide (0.949 mL, 13.4 mmol} were added.
Afier about 10 minutes, pyridine sulfur trioxide complex
(1.06 g, 6.70 mmol) was added and the resulting mixture
was stirred at 0° C. for 2 h. The reaction was then quenched
with water (15 mL) and the organic layer was washed with
cold water (3x), dried over magnesium sulfate and concen-
trated to provide the title compound as a vellow crisp (609
mg). LCMS (2-90) R;=4.13 min; MS m/z M+H=501.3.
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[0851] Preparation 72

[0852] Biphenyl-2-ylcarbamic Acid 1-{2{3-(3-{[(R)-2-
(tert-butyldimethylsilanyloxy)-2-(8-hydroxy-2-oxo-1,2-di-
hydroguinolin-5-yl)ethylamino]methyl}benzyl)ureido]
ethyl}-piperidin-4-yl Ester

[0853] 5{(R)-2-Aminc-1-{tert-butyldimethylsilanyloxy-
Jethyl]-8-hydroxy-1H-quinolin-2-one {575 mg, 1.40 mmol)
was added 10 a selution of the product of Preparation 71 (609
mg, 1.2 mmol) and diisopropylamine (0.25 mL, 1.40 mmol)
in dichloromethane (6 mL) and the resulting mixture was
stirred at room temperature for 45 min. Sodium triactetoxy-
borohydride (385 mg, 1.80 mmol) was then added and this
mixture was stirred at foom lemperature for 12 h. The
reaction was then quenched with 10% aqueous hydrochloric
acid (5 mL) and the layers were separaied. The organic layer
was washed with saturated sodium bicarbonate, saturated
sodivm chloride, dried over maguesium sulfate and concen-
trated to give the title compound (1.1 g). HPLC (10-70)
R.=3.55 min; MS m/z M+H=819.7.

Example 19

[0854] Biphenyl-2-ylcarbamic Acid 1-{2-[3-(3-{[(R)-2-
Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolia-3-y1-
JethylaminoJmethyl}benzyljureidoethyl}piperidin-4-yl
Ester Ditrifluoroacetate

[0855] Triethylamine trihydrofluoride (2.4 ml, 13.6
mmol) was added to a solution of the product of Preparation
72 (1.1 g, 1.36 mmol) in dichloromethane (2 mL) and the
resulling mixture was siirred al room lemperature for 15 h.
The reaction mixture was then concenirated under vacuum
to dryness and the residue was dissolved in a 1:1 mixture of
water and acetonitrile with 0.1% TFA and this mixture was
purified by HPLC (5-35 over 60 min) to provide the title
compound as the ditrifluroacetate salt (296 mg, 99% purity).
MS m/z M+H=705.6.

[0856] Preparation 73

[0857] Biphenyl-2-ylcarbamic Acid 1-{(E}-3-(4-Nitrophe-
nyl}ailyllpiperidin-4-yl Ester

[0858] The product of Preparation 8 (2.96 g, 0.01 mol) and
p-nitrocinnamaldehyde (1.77 g, 0.01 mol) were stirred in 50
mi of dichloromethane for 2 h. Sodium (riacetoxyborohy-
dride (6.33 g, 0.03 mol) was added and the resulting mixture
was stirred for 2 h. The reaction was then quenched with 10
mL of water and this mixture was diluted with dichlo-
romethane (100 mL). The organic laver was washed with
saturated sodium bicarbonate (2x), brine, dried over
Na.80,, filiered and concentrated 1o provide the title com-
pound as a yellow foam (3.8 g, 80% yield).

[0859] Preparation 74

[0860] Biphenyl-2-ylcarbamic Acid 1-[3-(4-Aminophe-
nyl)propyl]piperidin-4-y1 Ester

[0861] The product of Preparation 73 (2.5 g, 5.4 mmol)
was dissolved in 100 mL of ethanol and the resulting
solution was purged with nitrogen for 30 min. Palladitm on
carbon (2.5 g; 50% w/w water; 10% Pd; 1.1 mmol Pd) was
then added while degassing with nitrogen. This mixture was
then placed under hydrogen (50 psi) until hydrogen was no
longer consumed {~30 minutes). The mixture was then
purged with nitrogen, fillered through Celite and concen-
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trated. The residue was dissolved in ethyl acetate and this
mixture was washed with saturated sodium bicarbonate
(2x), brine, dried (Na,80,), filtered and concentrated to
provide the title compound (2.08 g, 90% yield). MS m/z
M+H=430.5.

{0862] Preparation 75

{0863] Biphenyl-2-ylcarbamic Acid 1-{3-[4-(4-{2-[(R)-2-
(8-Benzyloxy-2-oxo-1,2-dihydroguinolin-5-yl)-2(tert-bu-
tyldimethyisilanyloxy)ethylamina]jethyl } phenylamino)-
phenyllpropyl}piperidin-4-yl Ester

[0864] To a 25 wmL round-bottomed flask was added the
product of Preparation 74 (400 mg, 0.8 mmol); 8-benzyloxy-
5{(R)-2{2-(4-bromophenyl)ethylamino}-1-(tert-butyldim-
ethylsilanyloxy)ethyl}- 1H-quinolin-2-one (769 mg, 1.2
mmol); tris(dibenzylideneacetone)dipalladium(0) (73 mg,
0.08 mmol, 20% Pd); and 2-(dicyclohexylphosphino)biphe-
ny! (84 mg, 0.24 mmol). This mixture was purged with
nitrogen and then dry, degassed toluene (8 mL, 0.1 M) was
added and the resulting mixture was heated at 70° C. for 30
min. Sodium tert-butoxide (382 mg, 4.0 mmol) was then
added, and the temperature was raised to 95° C. for 4 b, at
which time LCMS showed complete consumption of the
product of Preparation 74 and a large product peak (M+H=
956.7). The reaction mixture was then cooled to room
temperaiure and diluted with ethyl acetate. This mixture was
washed with saturated sodium bicarbonate (2x), brine, dried
(Na,80,), filtered and conceatrated to provide the title
compound (1.5 g), which was used without further purifi-
cation.

[0865] Preparation 76

[0866] Biphenyl-2-ylcarbamic Acig 1-{3-{4-(4-{2{(R)-2-
(8-Benzyloxy-2-0x0-1,2-dihydroquinolin-5-y1)-2-hydroxy-
ethylaminolethyl} phenylamino)phenyl]propyl}piperidin-4-
yl Ester

[0867] The product of Preparation 75 was dissolved in
dichloromethane (10 mL) and triethylamine trihydrofluoride
(10 ¢q.) was added. The reaction mixlure was stirred over-
night and then diluted with dichloromethane and the organic
layer was washed with saturated sodium bicarbonate (2x),
brine, dried (Na,S0,), filtered and concentrated to provide
1.3 g of crude product. This material was purified by silica
gel chromatography (DCM, incremealally to 50% methanol)
to provide the title compound (300 mg, about 75% purity},
which was used without further purification.

Example 20

[0868] Biphenyl-2-ylcarbamic acid 1-{3-[4-(4-{2-{(R)-2-
hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydrogquinolin-5-yl-
Jethylamino Jethyl} phenylamino)phenyl Jpropyl} piperidin-
4-yl ester Ditnfluoroacetate

[0869] The product of Preparation 76 (300 mg) was dis-
solved in 10 mL of ethanol and this mixture was purged with
nitrogen for 15 minutes. Palladium on carbon (10% Pd, 50%
w/w water, 0.2 eq. Pd) was added while degassing. The
resulting mixture was then placed under 1 atm. of hydrogen

for 2 h, at which time the reaction was compiete by LCMS.

The solution was then purged with nitrogen for 15 min and
then filtered through Celite and concentrated. The resulting
residue was purified by prep HPLC to afford the title
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compound as the ditrifluoroacetate salt (59 myg, >95%
purity). MS m/z M+H=752.8.

[0870] Preparation 77

[0871] Biphenyl-2-ylcarbamic Acid 1-[2-Fluoro-3-(4-hy-
droxymeihylpiperidin-1-ylmethyl)-benzyl lpiperidin-4-yl
Ester

[0872] The product of Preparation 8 (500 mg, 1.69 mmol),
2,6-bis(bromomethyl)-1-fluorobenzene (476 mg, 1.69
mmol, piperidin-4-ylmethanol (195 mg, 1.69 mmol) and
potassium carbonate (466 mg, 3.37 mmol) were suspended
in acetonitrile {5 mL) and stirred at room temperature for 18
h. The reaction mixture was then concentrated and the
residue was dissolved in dichloromethane/water. The layers
were separated and the organic layer was washed with water
(2x}, brine, dried (MgSO,) and concentrated. The crude
material was purified by sitica gel column chromatography
eluting with 3% methanol/chloroform to give the title com-
pound as a white foam (282 mg). MS m/z M+H=532.3.

[0873] Preparation 78

[0874] Biphenyl-2-ylcarbamic Acid  1-[2-Fluoro-3-(4-
formylpiperidin-1-ylmethyl)benzyl]-piperidin-4-yl Ester

[0875] The product of Preparation 77 (282 mg, 0.53
mmol) was dissolved in dichloromethane and (o this mixture
was added diisopropylethylamine (280 uL, 1.6 mmol) and
dimethy] sutfoxide (115 gL, 1.6 mmol). The reaction mix-
ture was cooled to -15° C. under niirogen and pyridine
sultur trioxide complex (255 mg, 1.6 mmol) was added and
the resulting mixture was stirred for 40 min. The reaction
was then quenched with waler and 1be layers were separated.
The organic layer was washed with agueous NaH,PO,
(1Mx3), brine, dried (MgS0,) and concentrated to provide
the title compound as a foam (253 mg). MS m/z M+H=
5304.

Example 21

(0876] Biphenyl-2-ylcarbamic Acid 1-[2-Fluoro-3-(4-{
[(R)-2-hydrexy-2+(8-hydroxy-2-oxo-1,2-dihydroquinolin-
5-yDethylamino]methyl} piperidin-1-ylmethyl)benzyl pip-
eridin-4-yl Ester Ditrifluoroacetate

(0877] The product of Preparation 78 (253 mg, 0.48
mmol) was dissolved in a 1:1 mixture of dichloromethane
and methanol (6 mL) and 1o this mixture was added 5-{(R)-
1-amino-1<tert-butyldimethylsilanyloxy)ethyl]-8-hydroxy-
1H-quinolin-2-one acetate (228 mg, 0.58 mmol) and sodium
triacetoxyborohydride (317 mg, 1.5 mmol). The reaction
mixiure was stirred under nitrogen al room temperature for
18 h and then concentrated. The residue was dissolved in a
2:3 mixture of acetonitrile and aqueous 6 N hydrochlonc
acid, and this mixture was heated at 55° C. for 4 hours. The
reaction mixture was then concentrated and the residue was
dissolved in  waler/acetonitrile/trifluoroacetic  acid
(1:1:0.005) and purified by reverse phase column chroma-
tography to afford the title compound as a white solid (175
mg). MS m/z M+H=734.5,

[0878] Preparation 79
(0879] 2{4-(3-Bromopropoxy)phenyllethanol

[0880] To a solution of 4-hydroxyphenethyl alcohol (4.37
g, 31.0 mmel) and potassium carbonate (6.55 g, 47.0 mmol)
in acetonitrile (62.0 mL) was added 1,3 dibromopropane
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(31.0 mL, 316 mmol). The reaction mixture was heated to
70° C. for 12 hours and then cooled 1o room temperalture,
filtered and concentraled under vacuum. The resulting oil
was purified by silica gel chromatography using a mixture of
4:1 hexanes and ethyl acetate to give the title compound
(6.21 g) as a white solid.

[0881] Preparation 80

[0882] Biphenyl-2-ylcarbamic Acid 1-{3-{4-(2-Hydroxy-
ethyl)phenoxy]propyl }piperidio-4-y! Ester

[0883] To asolution of the product of Preparation 79 (1.11
g, 4.30 mmol) and diisopropylethylamine (0.90 mL, 5.10
mmol) in acetonitrile (2L.5 mL) was added the product of
Preparation 8 (1.27 g, 4.30 mmol) and the resulting mixture
was stirred at 60° C. for 12 b. The reaction mixiure was then
diluted with dichloromethane (20 ml.) and washed with
saturated sodium bicarbonate (25 mL), saturated sodium
chloride (25 mL), dried over magnesium sulfate and con-
centrated to provide the title compound (1.98 g, 85% purity).
MS m/z M+H=4755.

[0884] Preparation 81

[0885] Biphenyl-2-ylcarbamic Acid 1-{3-[4-(2-Oxoeth-
yl)phenoxyJpropyl}piperidin-4-yl Ester

[0886] A solution of the product of Preparation 80 (723
mg, 1.53 mmol) and dichloromethage (75 mL) was cooled
to about 5° C. and diisopropylethylamine (798 ml., 4.58
mmol) and dimethyl sulfoxide (649 mL, 9.15 mmol) were
added. Pyridine sulfur trioxide (728 mg, 4.38 mmol) was
then added and the resulting mixture was stireed at 5° C. for
45 min. The reaction mixfure was then diluted with dichlo-
romethane (20 ml.) and washed with sateraled sodium
bicarbonate (25 mL), saturated sodium chloride (25 mL),
dried over magnesium sulfale and concentrated to provide
the title compound (604 mg). MS m/z M+H=4734.

[0887] Preparation 82

[0888] Biphenyl-2-ylcarbamic Acid 1-[3-(4-{2-[(R)-2-
(tert-butyldimethylsilanyloxy)-2-(8-hydroxy-2-oxo-1,2-di-
hydroquinolin-5-yl)ethylamino Jethyl } -phenoxy )propyl Jpip-
eridin-4-y! Ester

[0889] The product of Preparation 81 (604 mg, 1.28
mmol) was dissolved in methanol (6.4 mL) and 5-(R)-2-
amino-1-(tert-butyldimethylsilanyloxy)ethyl]-8-hydroxy-
IH-quinolin-2-one (605 mg, 1.53 mmol) and diisopropyl-
ethylamine (0.27 ml, 1.53 mmol) were added. Sodium
inacetoxyborohydride (405 mg, 1.91 mmol) was then added
and the reaction mixture was stirred al room temperature for
3 h. The reaction mixture was then coocentrated 1o dryness
and the residue was diluted with ethyl acetate (20 mL) and
this solution was washed with saturated sodium bicarbonate
{25 mL), saturated sedium chloride (25 mL), dried over
magnesium sulfate and concentrated to give the title com-
pound (704 mg). MS m/z M+H=791.8.

Example 22
[0890] Biphenyl-2-ylcarbamic Acid 1{3-(4{2-[(R)-2-Hy-
droxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquitolin-5-yl)ethy-
laminoJethyl}phenoxy)propyllpiperidin-4-yl Ester Dilrif-
luoroacetate

[0891] Triethylamine tribydrofluoride (1.5 mL, 8.87
mmol) was added to a solution of the product of Preparation

N

o5
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82 (702 mg, 0.89 mmol) in dichloromethane (4.5 m1.) and
the resulting mixture was stirred at room temperature for 24
h. The mixture was then concentrated under vacuum and
purfied by HPLC (2-35 over 90 min) to give the title
compound (92 mg) as a white powder. MS m/z M+H=677 4.

[0892] Preparation 83
[0893] Methyl 4-lodophenylaceiate

[0894] To a stirred solution of 4-iodophenylacetic acid
(5.0 g, 191 mmol) in MeOH (200 mL) was added 4N
hydrochloric acid in dioxane (10 mL). The reaction mixture
was stirred for 24 b at room temperature and then the solvent
was removed under reduced pressure lo give the tille com-
pound (5.17 g, 98% yield), which was used without further
purification.

[0895] Preparation 84
[0896] Methyl [4-(4-Hydroxybut-1-ynyl)phenyl]acetate

[0897] To a stirred solution of the product of Preparation
83 (4.5 g, 16.3 mmol) in diethylamine (100 mL) was added
but-3-yn-1-0l (1.9 mL, 32.6 mmol), Pd(PPh,),Cl, (500 mg,
1.63 mmoi) and Cul (154 mg, 0.815 mmol) and resulting
mixiure was stirred for 17 h at room temperature. The
solvent was then removed under reduced pressure and the
residue was dissolved in diethyl ether (200 mL) and this
solution was fillered to remove salis. The solvent was thea
removed under reduced pressure and the crude product was
purified by silica gel chromatography (60% EtQAc/Hexane)
to afford the title intermediate (3.03 g, 91% yield).

[0898] Preparation 85
[0899] Methyl [4-(4-Hydroxybutyl)phenyl]acetate

[0900] A stirred solution of the product of Preparation 84
(2.8 g, 12.8 mmol) in methanol (50 mL) was flushed with
nitrogen ard then 10% palladivm on carbon (400 mg, 20%
wifwt) was added. The reaction flask was then alternately
placed under vacuum and flushed with hydrogen for cycles
and then stirred under hydrogen for 14 h. The reaction
mixture was flushed with nitrogen and then filtered and the
solvent removed under reduced pressure 1o give the title
compound (2.75 g, 97% vyield), which was used without
further purification.

[0901] Preparation 86

{0902] Methyl(4-{4{4-(Biphenyl-2-ylcarbamoyloxy)pip-
eridin-1-yl]butyl}phenyl)acetate

[6903] (a) Methyl {4{4-(Toluene-4-sulfonyloxy)butyl)

phenyiJacetate

[0904] To a stirred solution of the product of Preparation
85(2.6 g, 12.5 mmol) in THF (100 mL) was added DABCO
(2.6 g,25.0 mmol) and then p-toluenesulfonyl chloride (2.44
g, 13.75 mmol). The reaction mixture was stirred at room
temperature for 23 h and then solvent was removed under
reduced pressure and the residue was dissolved in dichlo-
romethage (200 mL). The organic layer was then washed
with water (2x100 mL), IN hydrochloric acid {100 mL),
aqueous saturated sodium chloride solution (100 mL), dried
(MgSO0,), filtered and the solvent removed under reduced
pressure to give the title compound, which was used without
further purification.
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[0905] (b) Methyl(4-{4{4{Biphenyl-2-ylcatbamoylox-
y)piperidin-1-ylJoutyl} phenyl)acetaie

[0906] To the crude product from step (2) was added DMF
(50 mL), diisopropylethylamine (3.0 mL, 17.3 mmol) and
the product of Preparation 8 (2.4 g, 8.1 mmol). The reaction
mixture was stirred at room temperature for 18 h and then
the solvent was removed under reduced pressure to give the
title compound (3.5 g, 86.3% yield). MS m/z 501.6 (MH™),
R; 4.89 min (10-70% ACN: H,O, reverse phase HPLC).

{0907] Preparation 87

[0908) Biphenyl-2-ylkarbamic Acid 1-{4-[4-(2-Hydroxy-
ethyl)phenyl]butyl}piperidin-4-yl Ester

[0909] To a stirred solution of the product of Preparation
86 (2.0 g, 4.0 mmol) in THF (100 mL) was added dropwisc
DIBAL (24 mL, 24 mmol, 1.0 M in THF). Afier the addition
was complete, the reaction mixture was stirred for 3 b and
then quenched by slow addition of methanol (until gas
evolution ceased). The mixture was then stirred for 30 min.
and then ethyl acetate (200 mL) and aqueous 1N sodium
hydroxide (200 mL) were added. The organic layer was
separated and washed with aqueous saturated sodium chlo-
ride solution (1060 mL), dried (MgSQ,), filtered and the
solvent removed under reduced pressure to give the title
compound (1.3 g, 69% yield), which was used without
further purification. MS m/z 473.4 (MH"), R; 4.53 min
(10-70% ACN: H,0, reverse phase HPLC).

Example 23

[0910] Bipheny!l-2-ylcarbamic Acid L-[2-(4-{2[(R)-2-
Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-3-yl-
Jethylaminolethyl}phenyl)ethyl]piperidin-4-y] Ester

[0911] To a stirred solution of the product of Preparation
87 (500 mg, 1.06 mmol) in dichloromethane (25 mL) was
added dimethyl sulfoxide (0.60 mL, 10.6 mmol}) and diiso-
propylethylamine (0.921 mL, 5.3 mmol). The reaction mix-
ture was then cooled to -10° C. and pyridine sulfur trioxide
(842 mg, 5.3 mmol) was added. The reaction mixture was
stirred for 1 h and then quenched by adding water (100 mL).
This mixture was stirred for 10 min and then the organic
layer was removed and washed with aqueous saturated
sodium chloride solution (100 mL), dred (MgS0,) and then
filtered.

[0912] To the filtrate was added methanol (25 mL), 5{(R)-
2-amino-1-(tert-butyldimethylsilanyloxy)ethyl]-8-hydroxy-

1H-quinolin-2-one acetate (419 mg, 1.06 mmol) and sodium
triacetoxyborohydride (468 mg, 2.12 mmol). This mixture
was stirred for 16 h and then condensed and, to the resulting
mixture, was added a 1:1 mixture of acetonitrile and aqueous
4N hydrochloric acid (20 mL). This mixture was heated at
50° C. for 17 h and then the solvent was removed under
reduced pressure. To the residue was added a 1:1 mixture of
acetic acid and water (8.0 mL) and the mixture was chro-
matographed on reverse-phase silica gel (gradient elution,
10-50% ACN/H,0) to afford the title compound (67 mg, 7%
yield over 3 steps). MS m/z (MH*) 675.5; R; 3.07 (10-70%
ACN: H,0, reverse phase HPLC).

[0913] Preparation 88

[0914] Ethyl 3{5-2-Ethoxycarbonylvinyl)thiophen-2-y1]
acrylate

[0915] To a stirred solution of sodium hydride (2.1 g, 53
mmel, 60% in mineral oil) in THF (200 mL) was slowly
added triethylphosphonoacetate (10 ml., 50 mmol) Hydro-



US 2004/0167167 Al

gen gas evolution was observed and the reaction was stirred
until gas evolution ceased (about 30 min). To this reaction
mixture was added 2,5-thiophenedicarboxaldehyde {3 g, 21
mmol) and the reaction mixture was stirred for 1 h. The
solvent was removed under reduced pressure and the residue
was dissolved in dichloromethane (200 mL). The organic
layer was washed with water (100 mL), aqueous IN hydro-
chloric acid (100 ml), aqueous saturated sodium chloride
solution (100 mL), dried (MgSQ,), filtered and the solvent
removed under reduced pressure to give the title compound
(5.8 g, 98% yield), which was used without further purifi-
cation.

[0916] Preparation 89

[0917] Ethyl 3-[5{2-Ethoxycarbonylethyl)thiophen-2-vl]
propionate

[0918] A stirred solution of the product of Preparation 88
(5.8 g, 21 mmol) in methanol (200 mL) was flushed with
nitrogen and 10% palladivm oo carbon (576 mg, 10% wi/wt)
was added. The reaction flask was alternately placed under
vacuum and flushed with hydrogen for 3 cycles and then the
reaction mixture was stirred under hydrogen for 1 h. The
mixture was then was flushed with nitrogen, filtered and the
solvent removed under reduced pressure to give the title
compound (5.8 g, 99% yield), which was used without
further purification.

[0919] Preparation 90
[0920] 3{5-(3-Hydroxypropyl)thiophen-2-yl]propan-1-ol

[0921] To a stirred solution of DIBAL (88 mL, 88 mmo],
1.0M in cyclohexane) in THF (300 mL) at -78° C. was
added dropwise the product of Preparation 89 (5.0 g, 17.6
mmol}). After the addition was complete, the reaction mix-
ture was warmed to room iemperature over 30 min and then
quenched by slow addition of aqueous IN hydrochloric acid
(200 mL). Dichloromethane (400 mL) was added and the
layers were separated. The aqueous layer was washed with
dichloromethane (4x100 mL) and the combined organic
layers were washed with aqueous saturated sodium chloride
solution (100 mL), dried (MgSO,), filtered and the solvent
removed under reduced pressure to give the title compound
(3.0 g, 85% yield), which was used without further purifi-
cation.

[0922] Preparation 91

[0923) Biphenyl-2-ylcarbamic Acid 1-{3{5-(3-Hydrox-
ypropyljthiophen-2-yljpropyl}piperidin-4-yl Ester

[0924] (a) Toluene-4-sulfonic Acid 3-[54(3-Hydroxypro-
pyl)thiophen-2-yl]propy! Ester

[0925] To a stirred solution of the product of Preparation
90 (423 mg, 2.1 mmol) in THF (20 mL) was added DABCO
(420 mg, 4.2 mmol) and then p-toluenesulfonyl chloride
(442 mg, 2.3 mmol). The reaction mixture was stirred at
room temperature for 2 h and then the solvent was removed
under reduced pressure and the residue was dissolved in
dichloromethane (200 mL). The organic layer was washed
with water (2x100 mL), aqueous saturated sodium chloride
solution (100 mL), dried MgSQ,), filtered and the solvent
removed under reduced pressure to give the title compound,
which was used without further purification.

[0926] (b) Biphenyl-2-ylcatbamic Acid 1-{3-[5-(3-Hy-
droxypropyl)thiophen-2-yllpropyl}piperidin-4-y1 Ester

[0927] TTo the product from step (a) was added acetonitrile
(20 mL), diisopropylethylamine (0.5 mL, 2.8 mmol) and the
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product of Preparation 8 (626 mg, 2.11 mmol). The reaction
mixture was heated to 50° C. for 20 b and then cooled to
room temperature and the solvent was removed under
reduced pressure. The residue was purified by silica gel
chromatography (5% MeOH/DCM with 0.6% NH; (aq)) to
afford the title compound (450 mg, 44% yield). MS m/z
(MH") 479.6; R; 4.15 min (10-70% ACN: H,0, reverse
phase HPLC).

[0928] Preparation 92

[0929] Biphenyl-2-ylcarbamic Acid 1-[3-(5-{3{(R)-2-
(tert-Butyldimethylsilanyloxy)-2+(8-hydroxy-2-oxo-1,2-di-
hydroquinolin-5-yl)ethylamino Jpropyl }thiophen-2-yl)pro-
pyl]-piperidin-4-yl Ester

[0930] To a stirred solution of the product of Preparation
91 (450 mg, 0.94 mmol) in dichloromethane (20 mL) was
added dimethyl sulfoxide (0.21 mL, 3.7 mmol) and diiso-
propylethylamine (0.65 mL, 3.7 mmol). This mixture was
cooled to -10° C. and pyridine sulfur trioxide (444 mg, 2.8
mmol) was added. The reaction mixture was stirred for 3 h
and then was quenched by adding water (100 mL). This
mixture was stirred for 10 min and then the organic layer
was removed and was washed with aqueous saturated
sodium chloride solution (100 mL), dried (MgSO,) and
filtered.

[0931] To ihe filtrate was added methanol 26 mL), 5{(R)-
2-amino-1-(tert-butyldimethylsitanyloxy)ethyl}-8-hydroxy-
1H-quinolin-2-one acetate (368 mg, 0.93 mmol) and then
sodium triacetoxyborohydride (412 mg, 1.86 mmol). This
mixture was stirred for 19 h and then the mixture was
condensed to give the title compound, which was used
without further purification. MS m/z (MH™*) 795.8; R, 4.93
min (10-70% ACN: H.0, reverse phase HPLC).

Example 24
[0932] Biphenyl-2-ylcarbamic Acid 1-[3-(5-{3-{(R)-2-
Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroguinolin-5-yl-
Jethylamino Jpropyl }thiophen-2-yl)propylJpiperidin-4-yl
Ester

[0933] To the crude produci from Preparation 92 was
added a 1:1 mixture of acetonitrile and aqueous 4 N hydro-
chloric acid (25 mL). This mixture was heated at 50° C. for
17 h and then the solvent was then removed under reduced
pressure. To the residue was added a 1:1 mixture of acetic
acid and water (8.0 mL) and this mixture was chromato-
graphed on reverse-phase silica gel (gradient elution,
10-50% ACN/H,0) to afford the title compound (135 mg,
16% vyield for 3 steps). MS m/z (MH*) 681.5; R, 3.03
(10-70% ACN: H,0, reverse phase HPLC).

[0934] Preparation 93
[0935] Methyl 4-Amino-5-chloro-2-methoxybenzoate

{0936] To a solution of 4-amino-5-chloro-3-methoxyben-
zoic acid (1.008 g, 5.0 mmol) in a mixture of toluene (9 mL)
and methanol (1 mL) at 0° C. was added (trimethylsilyl-
Ydiazomethane (2.0 M in hexane, 3.0 mL, 6.0 mmol) drop-
wise. The reaction mixture was then warmed to room
temperature and stirred for 16 h, Excess (trimethylsilyl)dia-
zomethane was quenched by adding acetic acid until the
bright yellow color of the reaction mixture disappeared. The
mixture was then concentrated in vacuo to give the title
compound as an off-white solid, which was used without
further purification. :
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[0937) Preparation 94

[0938] Methyl 4-Acryloylamino-5-chloro-2-methoxyben-
zoale

[0939] To crude product of Preparation 93 was added
dichloromethane (10 mL, 0.5 M) and iriethylamine (2.1 mL,
15 mmol). This mixture was cooled to 0° C. and acryloyl
chloride (812 xL, 10 mmol) was added dropwise with
stirring. After 2 h, the reaction was quenched by adding
methanol (about 2 mL) at 0° C. and the resulting mixture
was stirred at room temperature for 15 min and then con-
centrated in vacuo. Dichloromethane (30 mL) and waler (30
mL) were added to the residue and this mixture was mixed
thoroughly. The layers were separated and the aqueous layer
was extracted with dichloromethane (20 mL). The organic
layers were combined, dried (Na,SO,), filtered and the
solvent was removed in vacuo (o give the title compound as
a brown foamy solid, which was used without further
purification,

[0940] Preparation 95

[0941] Methyl 4-{3-[4-(Biphenyl-2-ylcarbamoyloxy)pip-
eridin-1-ylJpropionylamino }-5~chloro-2-methoxybenzoate

[0942] To the crude product from Preparation 94 was
added the product of Preparation 8 (1.33 g, 4.5 mmol) and
a mixwure of THF (22.5 mlL) and methanol (2.5 mL). This
mixture was heated at 30° C. with stirring for 16 h and then
the solvent was removed in vacuo. The residue was chro-
matographed (silica gel, EtOAc) to give the litle compound
(0.82 g; Re=0.4, 29% yield over 3 steps) as an off-white
foamy solid. MS m/z 566.4 (M+H, expected 565.20 for
CsoM32CIN;0g).

[0943] Preparation 96

{0944] Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-hy-
drexymethyl-5-methoxy-phenylcarbamoyl)ethylJpiperidin-
4-yl Ester

[0945] To asolution of the product of Preparation 95 (0.82
mg, 1.45 mmol}) in a mixture of THF (4.5 mL) and methanol
(0.5 ml.) at 0° C. was added lithium borohydride (32 mg,
1.45 mmol). The reaction mixture was allowed to warm to
room temperature and was stirred for 41 h. The reaction was
then quenched by adding IN aqueous hydrochloric acid at 0°
C. until no more bubbling was observed and this mixture
was stimmed for 10 min. The solvem was removed in vacuo
and the residue was dissolved in acetonitrile (about 2 mL).
This solution was purified by prep-RP-HPLC (gradient: 2 to
50% acetonitrile in waler with 0.05% TFA). The appropriate
fractions were collected and combined and lyophilized 10
give the title compound as a trifleoroacetate salt. This salt
was treated with isopropy? acetate {16 mL) and 1N aqueous
sodium hydrexide (10 mL) and the organic layer was
collected, dried (Na,80,), filtered and the solvent was
removed in vacuo to give the tille compound (161 mg, 21%
yield) as a white foamy solid. MS m/z 5384 (M+H,
expected 537.20 for C,oH,,CIN,0,).

Aug. 26, 2004 .

[0946] Preparation 97

[0947] Biphenyl-2-ylcarbamic Acid  1{2-(2-Chloro-4-
formyt-5-methoxyphenylcarbamoyl)-cthyl]piperidin-4-y|
Ester

[0948] To a solution of the product of Preparation 96 (161
mg, 0.3 mmol) in dichloromethane (3 mL) was added
dimethyl sulfoxide (213 uL, 3.0 mmo!) and diisopropylethy-
lamipe (261 L, 1.5 mmel). This mixture was cooled 10 -20°
C. and sulfur trioxide pyridine complex (238 mg, 1.5 mmol)
was added slowly. After 30 min, the reaction mixture was
quenched by adding water (about 3 mL). The layers were
separated and the organic layer was dried (Na,S0,), filtered
and the solvent was removed in vacuo to give the title
compound as a light vellow solid. MS m/z 536.3 (M+H,
expected 535.19 for C,pH4,CIN;O5).

[0949] Preparation 98

[0950] Biphenyl-2-ylearbamic Acid 12-(4-{[(R)-2{(ten-
Butyldimethylsilanyloxy)-2(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-5-yl)ethylamino]methyl}-2-chloro-S-methoxy-
phenylcarbamoyl)ethyllpiperidin-4-yl Ester

[0951] To the product from Preparation 97 in a mixture of
dichloromethane (0.5 mL) and methanol (0.5 mL) was
added 5-[(R)-2-amino-1-(test-butyldimethylsilanyloxy-
Jethyl]-8-hydroxy-1H-quinolin-2-one acetate (124.1 mg, 3.1
mmol) and the resulting mixture was stirred at room tem-
perature for 1.5 h. Sodium triacetoxyborohydnde (190.7 mg,
0.9 mmol) was added and the resulting mixture was stirred
at room temperature for 15 h. The reaction was quenched by
adding water (about 0.2 mL) and the mixture was coacen-
trated in vacuo to give the title compound, which was used
without further purification. MS m/z 854.5 (M+H, expected
853.36 for C,sHsCIN:O,Si).

Example 25
[0952] Biphenyl-2-ylcarbamic Acid 1-[2+(2-Chloro-4-{
[(R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-
5-yl)ethylamino Jmethyl}-5-methoxyphenylcarbamoyl-
Jethyl]piperidin-4-yl Ester Ditrifiuoroacetate

[0953] To asuspension of the product of Preparation 98 in
dichloromethane (1.0 mL, 0.3 M) was added triethylamine
trihydrofluoride (245 ui, 1.5 mmol). This mixiure was
slirred at room temperature for 45 h and then the mixture
was concentraied in vacuo. The residue was dissolved in 2
mixture of DMF (0.5 mL), acetonitrile/water (1:1, with 0.1%
TFA, 0.6 mL), TFA (0.3 mL) and aceloaitrile (about 1 mL)
and this mixture was purified by prep-RP-HPLC (gradient:
2 to 50% acetoniirile in water with 0.05% TFA). The
appropriate fractions were collected and combined and
lyophilized to give the title compound (100 mg, 34% vield,
98.7% pure by HPLC) as an off-white solid. MS m/z 740.5
(M+H, expected 739.28 for C,,H,,CIN,0,).

[0954] Using the methods described above and the appro-
priate starting materials, the following compounds were
prepared.

Ex. Compound MS

26 Biphenyi-2-ylcarbomic zcid 1-{7-{(R)-2-hydroxy-2-(8-hydroxy-2- 6135
oxo-1,2-dibydroquinolin-5-ylethylaminohepty ! piperidin-d-yl

esler

27 Biphenyl-2-ylcarbamic acid 1-{8-[(R)-2-hydroxy-2-(8-hydroxy-2- 6273
0x0-1,2-dihydroquinolin-5-yl)ethylamino Joctyl } piperidin-4-yl ester
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46

47

48

49

50

51

Biphenyl-2-ylcatbamic acid 1-{2-[3-(4-{2-[(R}-2-hydroxy-2-(8
hydroxy-1-0x0-1,2-dihydroquinalin-5-

yl)ethviamino lethyl}phenyljureidojethyl} piperidin-4-yl ester
Bipheny!-2-ylearbamic acid 1-3-(4-{2-[(R}-2-hydroxy-2-(8-

hydroxy-2-oxo-1,2-dihydioguinolin-5-yljethylaminoo Jethyl }piperidin-1-yl)-3-

axopropyl [piperidin-4-yi ester

Biphenyl-2-ylearbamic acid 1-{2-[(4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolie-S-yl)ethylamino Jmethyt}-
cyclohexanecarbonyl)aminoethy1}piperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-[ 2-({(1R,38)-3{(R)-2-(3-
formylamino-4-hydroxypheoyl)-2-hydroxyethylamino}-
cyclopentanecarbonyl jamino)ethytlpiperidin-d-yl ester
Biphenyl-2-ylcarbamic acid 1-{2-(3-{5-[(R)-2-(3-formylamino-4-
hydroxyphenyl)-2-
hydroxyethylaminolpentyl }ureido)ethyl Jpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 142-(4-{2-{(R})-2-hydroxy-2-(8-
hydroxy-2-oxo0-1,2-dihydroquinolia-S5-

yl)ethylamino kthyl}pheaylamino)ethy! Jpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1 3-(3-{5-{2~(3-formylamino-4-
hydroxyphenyl)-2-

hydroxyethylaminolpentylt}ureido)propyl lpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-{2-J(4-{2{(R)-2-bydroxy-2-(&-
hydroxy-2-oxo-1,2-dihydroquinclin-3-

yl)ethylamino Jethyl }piperidine-1-carbonyl)amino Jethyl }piperidin-4-
yl ester

Bipbenyl-2-ylcarbamic acid 144-{4-{2-{{R)-2-bydsoxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinelin-5-yl)ethylaminc Jethyl }-
phenylaminojbenzyl fpiperidin-4-vi ester

Biphenyl-2-ylearbamic acid 1-{2-(3-{[ (R)-2-hydroxy-2-(8-hydroxy-
2-o0x0-1,2-dihydroquinolin-5-yHethylamino Jmethyt}-
benzylcarbamoyljethyl Jpiperidin-4-yt ester
3-[4-(3-Biphenyl-2-yl-ureido)piperidin-1-yI]- N-(4-{{ (R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinalin-5-
yl)ethylamino Jmethyl }phenyl)propionamide
Biphenayl-2-ylearbamic acid 1-{2-[(6-{[(R)-2-hydroxy-2-(8-

hydroxy-2-oxo-1,2-dihydroquinolin-3-1)ethylaminc]methyl }pyridin-

2-ylmethytjcarbamoyllethyl }piperidin-4-yt ester
Biphenyl-2-ylcarbamic acid 1-[2(4-{[(R)-2-bydroxy-2-(8-hydroxy-
2-ox0-1,2-dihydroquinolin-5-yl)etbylamino]methyl }-
cyclohexylcarbamoyl)etbyllpiperidin-4-yl ester

Biphenyl- 2-ylearbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-(8- hydroxy-
2-0x0-1,2-dihydroquinolin-5-yljethylamino jmethyl }-
cyclohexylcarbamoylethyl Jpiperidin-4-yl ester
Biphenyl-2-ylcasbamic acid 1{2-({(1R,35)-3{(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinelin-5-yl)ethylamino}
cyclopentanecarbonyl Jamino)ethyl Jpiperidin-4-yt ester
Bipheayl-2-ylearhamic acid 1-{2-{(3-{{(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-5-ylethylamino e byl } -
benzoylymethylamino Jetbyl }piperidin-4-yl ester
Biphenyi-2-ylcarbamic acid 1-{2-[(4-{[ (R)-2-hydroxy-2-(8-
hydroxy-2-0xo-1,2-dihydroquinolin-S-yi)ethylamino Jmethyl }-
cyclohexanecarbonylymethylaminoJethyl }piperidin-d-yl ester
Bipheayl-2-ylcarbamic acid 1{2-(4-{[2-hydroxy-2-(8-hydroxy-2-
oxo-1,2-dihydroquicolin-5-

yljethylamino Jmethy] }phenylcarbamoy))ethyl jpiperidin-4-v] ester
Biphenyl-2-ylearbamic acid 142-(d-{(8)-1-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinalin-3-

yljethylaminc Jethy!}phenylcarbamoyllethyl fpiperidin-4-y1 ester
Biphenyl-2-ylcarbamic acid 142-(4-{(R)-1-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxa-1,2-dihydroquinolin-5-
ylethvlaminoJethyl}phenylcarbamoyl)ethyl Ipiperidin-d-yl estet
Biphenyl-2-ylearbamic acid 1-{(S)-1-{5-[(R)-2-hydroxy-2-{8
hydroxy-2-oxc-1,2-dihydroquinelin-5-

yDethylamino Jpentanoyl }pyrrolidie-2-ylmethyl)piperidin-4-yl ester
Biphenyi-2-ylearbamic acid 1(8)-1-(4-{[(R)-2-hydroxy-2-(&-
hydroxy-2-ox0-1,2-dihydroquinolin-5-yljethylamino jmethyl} -
benzoypyrrolidin-2-ylmethytJpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 142-(4-{[(R)-2-(3-formylamina-4-
hydroxy-phenyl)-2-hvdroxy-
ethylaminc]methyl}phenylcarbamoyl)ethyt |piperidin-4-y] ester
Biphenyl-2-ylcarbamic acid 1-{2-(4-{(R)-1-[(R)-2-(3-formylamino-
4-hydroxy-phenyl}-2-hydroxy-
ethylaminoJethyl}phenylcarbamoyl)ethy!piperidin-4-yl ester

705.3

582.7

630.2

647.5

662.5

661.3

697.5

691.5

682.7

634.8

690.4

£96.5

NA

690.7

690.7

682.7

6.8

652.6

666.5
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Biphenyl-2-ylcarbamic acid 1-[2-(d-chloro-3-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinalin-5-

ylethylamino methyl}phenylcacbamoyl)ethyl lpiperidin-4-yl ester
N-{24{4-(3-Bipheay!-2-yl-ureido)-piperidin-1-yl jethyl }-4-{[ (R)-2-
hydroxy-2-(8-hvdroxy-2-oxo-1,2-dihydroquinolin-5-

yljethylamino Jmethyl}benzamide .
1-Biphenyl-2-y1-3-{1-] 3-(4-{2-[(R)-2-hydroxy-2-(8-hydrox y-2-0x0-
1,2-dihydroquinolin-5-yl)xthylaminoJethyl }piperidin-1-y[}-3-oxo-
propyllpiperidin-4-yl jurea
3-[4-(3-Biphenyl-2-yl-ureido)piperidin-1-yl}-N-(3-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yljethylamino jmethyl } -
benzy))propionamide

Biphenyl-2-ylearbamic acid 1-(2-fluoro-3-{[(R)-2-hydroxy-2-(8-
bydioxy-2-oxe-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl}-
benzyl)piperidin-4-yl ester

Biphenyl-2-ylcarbamic acid 1-{2-(3-{[(R)-2-hydroxy-2-(8-hydroxy-
2-oxo-1,2-dihydroquinolin-5-yl)ethylaminoJmethyl}-4-methyl-
phenylcarbamoyl)ethyl lpiperidin-4-y! ester

Biphenyl-2-ylearbamic acid 3-{2-{2-chloro-5-{{{R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroguinolin-5-

yl)ethylamino Jmethyl}phenylearbamoyl}ethyl|piperidin-4-yl ester
Biphenyl-2-ylcatbamic acid 1-[2-(2,6-dichloro-4-{[ (R)-2-hydroxy-
2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-

ylethylamino Imethyl}phenylcarbamoyl)ethyl piperidin-4-yt ester
Biphenyl-2-ylcatbamic acid 1-[1-(4-{[(R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1.2-dihydroquinolin-5-vl)ethylamino Jmethyl bhenzoyl)-
pipendin-4-ylmethyllpiperidin-4-yl ester

Biphenyl-2- ylcarbamic acid 12-(4-{|(R)-2-(3-formylamino-4-
hydsoxy-phenyl)-2-hydroxyethylamino jmethyl }-
benzoylamino)ethylJpiperidia-4-yl ester

Biphenyl-2-ylcarbamic acid 1-{2-[ethyl-(4-{[(R)-2-hydroxy-2-(8-
kydroxy-2-0x0-1,2-dihydroquinolin-5-

y¥ljethylamina Jmethyl }phenyl)carbamoyl Jethyl}piperidin-4-yl ester
Biphenyl-2-ylcatbamic acid i-{3-{4-[(R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinelin-5-yl)etbylaminopiperidin-1-y1}-3-0x0-
propyl)piperidin-4-y1 ester

Biphenyl-2-ylcarbamic acid 1-[2-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-0xo-1,2-dihydroquinolio-5-

yljethylamina Jethyl}phenylcatbamoy! jethyl Jpiperidin-4-yl ester
Bipheeyl-2-ylcarbamic acid 1-{2-[(3-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroguinclin-S-yl)ethylamino Jmethyl }-
thiophene-2-carbonyljaminoJethyl} piperidin-4-y! ester
Biphenyl-2-ylcarbamic acid 1-{2-[(4-{((R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino}methyl}-3-
nitro-benzoyl)methylaminoJethyl}piperidin-4-yl ester
Biphenyl-2-ylearbamic acid 1-{2-(4-{[(R)-2-(3-formylamino-4-
hydroxyphenyl)-2-hydroxvethylamino]methyl}-
cyclobexylcarbamoyl)ethyljpiperidin-4-y! ester
Biphenyl-2-ylcatbamic acid 12-({4-[(R)-2-bydroxy-2-(8-hydroxy-
2-0x%0-1,2-dihydroquinolin-5-ylethylamino Jeyclohexanecarbonyl }-
methylamino)ethytlpiperidin-4-yi ester

Bipheny!-2-ylearbamic acid 1-(2-fluoro-3-{4-[(R)-2-hydraxy-2-(8-
hydroxy-2-oxe-1,2-dihydroguinolia-5-yljethylamino Jpiperidin- 1-
ylmethyl}benzyl)piperidin-4-yl ester

Biphenvi-2-yicarbamic acid 1-{2-](8-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-3-

vljethylamino methy! }pyridine-3-carbonyl)amineJethyl }piperidin-
4.yl ester

Bipheny!-2-ylearbamic acid 1{3-(4-{[(R)-2-hydroxy-2-(8-hydroxy-
2-oxo- 1,2-dihydroquinolin-5-vl)ethylamino Imethyl }piperidin-1-yl)-
propyllpiperidin-4-yl ester

Bipheny!-2-ylcarbamic acid 142-(4-{2-{(R)-2-(3-formylamino-4-
hydroxypheny!)-2-hydroxy-
ethylaminoethyl}pheaylcarbamoyl)ethyl Jpiperidin-4-y] ester
Biphenyl-2-ylcarbamic acid 14{2-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxe-1,2-dihydroquinolio-5-

yl)ethylamina ethyl}phenylamino)benzylJpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 14{2-Auaro-3-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-cxe-1,2-diydroquinolin-3-

yl)ethylamin fethyl}piperidin-1-ylmeihyl)benzyl Ipiperidin-4- y)
ester

Biphenyl-2-ylcarbamic acid 1-[3-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-

yljethylamine Jethyi}phenylamina jpropyllpiperidin-4-yi ester

690.4

110.6

745.2

730.8

NA

690.3

735.7

638.8

654.5

666.5

690.3

7485

676.4
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Biphenyi-2-ylcarbamic acid 12-(3-chloro4-{[(R)-2-hydroxy-2-{8-

hydroxy-2-0x0-1,2-dihydroquinolin-S-

yhethylamino]methyl }phenylcarbamoyl)ethylpiperidin-¢-¢1 ester
Biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-(8-hydroxy-
2-oxo-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl}-2-
trifluoromethoxy-phenylcarbamoyl)ethyl piperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-{3-[3-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-o0x0-1,2-dihydroquinolin-5-

yl)ethylamino kethyl }phenylamino)pheny! Jpropyl }piperidin-4-y!
ester

Biphenyl-2-ylcarbamic acid 1{3-(4-{2-[(§)-2-hydroxy-2-(8-
hydroxy-2-oxe- §,2-dihydroquinolin-5-
yljethylaminoJethyl}pbenylamino)benzyl Jpiperidin4-yl estes
Bipheny!- 2-ylcarbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-(8-hydroxy-
2-pxo-1,2-dihydroguinolin-5-yl)ethylamino Jmethyl } -2-iodo-
pbesylcarbamoyl)ethylpiperidin-4-yl ester

Biphenyl-2-ylcarhamic acid 12-(2-chloro-4-{|(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-5-yi)ethylamino methyl}-6-
methylphenylcarbamoyl)ethyl Jpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-(2-{5-{2-hydroxy-2-(8-hydioxy-2-
0x0-1,2-dihydroquiolin-5-yl)ethylamino jpentylcarbamoyl }ethyl)-
piperidin-4-vl ester

Biphenyl-2-ylcarbamic acid 1{2-(2-bromeo-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxe-1,2-dihydroquinelin-5-

vljethylamino jmethyl} phenylcarbamoyl)ethyl Jpiperidin-4-yl ester
Biphenyl-2-ylearbamic acid 1-{3-[2-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxe-1,2-dihydroquinolin-5-

yhethylamino Jethyl}phenylamino)-pheny! Jpropyl }piperidin-4-yl
ester

Biphenyl-2-ylcarbamic acid 1§2-fluoro-3-(4 { H{(R)}-2-hydroxy-2-
(8-hydroxy-2-0%0-1,2-dihydroquinelin-S-
ylethylaminoJpropyl}piperidin-1-ylmethyl)benzy! lpiperidia-4-yl
ester

Biphenyl-2-ylcarbamic acid 142-(4-{[{R)-2-hydroxy-2-(8-bydroxy-
2-oxe-1,2-dikydroquinalin-S-yljeibylamine Jmethyl}-2-methoxy-
phenylearbamoyi)ethyl]piperidin-4-yl ester

Biphenyl-2-vlcarbamic acid 1-{5-(4-{2-{(R)-2-hydroxy-2-{8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-
yljethylamingJethyl}phenylamino)pentyl Jpiperidin-4-y} ester
Biphenyl-2-ylcarbamic acid 1-{241-(4-{2-[{R)-2-bydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yljethylamino Jethyl }phenyl)-
piperidin-4-ylJethyl}piperidin-4-y] ester

Biphenyl-2-ylcarbamic acid 142-(4-{2-{(R)-2-hydroxy-2-(8
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino}1-methyl-
elhyl}phenylcarbamoyl)e!hyl]piperidin—rt-yl ester
Biphenyl-2-ylcarbamic acid 1-{2-{4-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dibydroquinolin-5-
vlethylaminojethyl}phenylamino)cyelohexy! Jethy! jpiperidin-4-yl
ester

Biphenyl-2-ylcarbamic acid 1-[2-(2-luoro-4-{{(R}-2-bydroxy-2-(3-
hydroxy-2-ox0-1,2-dihydroquinolin-5-

yljethylamino Jmethy! }phenylcarbamoyl)ethyl Jpiperidin-4-vl ester
Biphenyl-2-ylcarbamic acid 1-{2-[3-(4-{2-[(R}-2-hydroxy-2-(8-
hydroxy-2-oxa-1,2-dihydroquinalio-3-

yljethylaminojethy }phenylamino)phenyllethyl }piperidin-d-yl estes

Biphenyl-2-ylcarbamic acid 1-| 2-(2,5-diflucro-4-{[ (R)-2-hydroxy-2-

(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-

vljethylamino Jmethyl }phenylcarbamoyljetbyl Jpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-2-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroguinolin-5-yl)ethylaminoethyl}-
benzoylamine)ethyl[piperidin-4-yl ester

Biphenyl-2-ylearbamic acid 1{6-(4-{[(R)-2-hydroxy-2- (8-bydroxy-
2-oxo-1,2-diiydroguinolin-S- yl)ethylamino Jmethyl} piperidin-1-
ylmethyl)pyridin-2-ylmethylJpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-f2-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-ox0- 1,2-dihydroquinolin-5-yl)ethylamino jethvi }-
naphthalen-1-ylcartbamoyljethylJpiperidin-4-y] ester
Bipheny!-2-ylearbamic acid 3-{241-(4-{[(R)-2-hydroxy-2-(3-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yljethylamino Jmethyl }-
benzoyl)piperidin-4-yljethyl}piperidin-4-yl ester
Bipbenyl-2-ylcarbamic acid 1-[3-(4-{3-[(R)-2-bydraxy-2-(8-
hydraxy-2-oxe-1,2-dihydroquinolin-5-
ylJethvlaminoJprapionylamino}phenyl jpropylJpiperidin-4-yl ester

710.2

769.2

752.6

802.1

724.2

656.5

756.2

762.8

706.3

704.3

730.8

704.4

44.4

694.3

1388

690.3

115

740.6

744.4
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Aug. 26, 2004

7



US 2004/0167167 Al

36

-continued

Ex.

Compound

MS

99

100

101

102

103

104

105

106

107

108

109

110

1

112

114

115

116

e}

11

118

119

120

Biphenyl-2-ylcarbamic acid 1-{3-(4-{[{R)-2-bydroxy-2- (8-hydroxy-
2-ox0-1,2-dihydroquinolin-5-yljethylamino Jmethyi }phenaxy)-
propyllpiperidin-4-y1 ester

Biphenyl-2-ylcarbamic acid 142-(5-{[(R)-2-hydroxy-2-(8-hydroxy-
2-ox0-1,2-dihydroquinolin-5-yl)ethylamino tmethyl }- 1H-
benzoimidazo!-2-yl)ethyl Jpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-]2-(4-{3-[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-
yljethylaminolpropionylamino}eyclohexyljethyl lpiperidin-d-yl ester
Biphenyl-2-ylcarbamic acid 12-(4-{5-[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-

yhethylamino Jpentanoylaminojcyclohexvi)ethyl Jpiperidin-4-y)
ester

Biphenyl-2-ylcarbamic acid 1{2-(4-{6-{(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethylamino}
hexanoylamino }eyclohexyl)ethvipiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 1-{2-(1-{3-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo0-1,2-dihydroquinclin-5-

viethylamino Jpropiony! }piperidis-4-yljethy! Ipipendin-d-vi estes
Bipheayl-2-ylcarbamic acid 1-{2-]3-(4-{[{R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinclin-3-

vl)ethylamino}methyl }phenyljureido]ethyl }piperidin-4-yi ester
Bipheny!-2-ylcarbamic acid 1-{2-[(2-{4{(R)-2-bydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinalin-5-yl)ethylamine kyclohexyl }-
cthyl)methylamino Jethyl}piperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 14{2-(2,3,5,6-tetrafluoro-4-{[ (R)-2-
hydroxy-2-(8-hydioxy-2-0x0-1,2-dihydroquinolin-5-
ylethylamino methyl yphenylcarbamoyl)ethytlpiperidin-4-y ester
Bipheny!-2-ylcarbamic acid 1{2-(4-{[(R)-2-hydroxy-2-(8- hydroxy-
2-ox0-1,2-dihydroquinolin-5-ylJetbylamino Jmethyl}-2,6-diiodo-
phenylcarbamoyl)ethylJpiperidin-4-y! ester
Bipheny!-2-ylcarbamic acid 1{2-(1-{4-{(R}-2-hydroxy-2-{8-
hydroxy-2-0xo-1,2-dihydroquinolin-5-yl)ethylamino }
butyryl}piperidin-4-yl)ethy Jpiperidin-4-yl ester
Bipheny!-2-ylcarbamic acid 142-(1-{5-[(R)-2-hydroxy-2-(8&
hydroxy-2-pxo-1,2-dihydroquinolin-5-
yhicthylaminolpentanoy!}piperidin-4- yijethyl Jpiperidin-4-yl ester
Biphenyl-2-ylcarbamic acid 142-(1-{6-[(R)-2-hydroxy-2-(8-
hydroxy-2-0xo0-1,2-dihydroquinolia-5-yl)ethylamino }

hexanoyl }piperidin-4-yl)ethyl Jpiperidin-4-yl ester
Biphenyl-2-ylearbamic acid 14 2-(4-{[(R)-2-hydroxy-2- (8- hydroxy-
2-oxo-1,2-dihydroquinolin-5-yljethylamino Jmethyl }-
benzylcarbamoylethylpiperidin-4-y1 ester
Biphenyl-2-ylearbamic acid 142-(4-{[(R)-2+(3-formylamino-4-
hydroxy-pheayl)-2-hydroxyethylamino Jmethyl }-
benzylcarbamayl)ethyljpiperidin-4-yl ester
Biphenyl-2-ytcarbamic acid 1-{2-{3-(4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-5-yhethylamine Jmethy1} -
benzyljuseido Jethyl}piperidin-4-yl ester

Biphenyl-2-ylearbamic acid 1-{2-[3-(4-{[(R)-2-(3-formylamino-4-
hydroxyphenyl)-2-hydroxyethylamino Jmethyl }benzyl)-
ureidoJethyl}piperidin-4-yl ester

Biphenyl-2-ylearbamic acid 1{2-(4-{[(R)-2-bydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-yl)etbylamino Jmeth 1 }-2-methy!-
phenylcarbamoy!)aahyl]piperidin-4-yl esier
Biphenvi-2-ylcarbamic acid 1-(3-{4-{2-(4-{[(R)-2-hvdroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-$-

yl)ethylamine methyl }piperidin-1-yl)ethyl phenoxy }propy!)
piperidia-4-yi esier

Biphenyl-2-ylearbamic acid 142-(3-{2-[(R)-2-bydroxy-2-(8-
hydroxy-2-oxc-1,2-dihydroquinolin-§-yl)etbylaminoJethyl }-
benzylcarbamoy!)ethylpiperidin-4-y1 ester
Bipheny!-2-ylearbamic acid 1 2-{3-{](R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-
ylethylaminolmethyl ) phenoxy)ethyl piperidin-4-y! ester
Biphenyl-2-ylcarbamic acid 1-2-{[2-{4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-3-

yl)ethvlamino fmethyt} phenoxy)acety! Jmetbylamino jethyl)-
pipendin-4-yl ester

Biphenyl-2-ylcarbamic acid 1-(2-{[2-{3-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo0-1,2-dihydroquinclin-5-

yl)ethylamino Jmethyl}phenoxylacetyl Jnethylamino Jethyl)-
piperidin-4-yl ester

663.7

6737

696.4

n44

738.4

691.7

928.0

696.4

710.4

T24.4

690.5

666.5

705.6

631.7

690.4

774.4

690.4

649.5

n04

720.4
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122

123

124

126

127

135

13

@

137

139

140

141

142

Biphenyl-2-yleatbamic acid 1-{2-](5-{[(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinalin-5-yl)ethylamino Imethyl} furan-
2-carbonyl) methylaminoJethyl}piperidin-d-y] ester
Bipbeayl-2-ylcarbamic acid 1-{2-[(5-{{(R)-2-hvdroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolis-5-yl)etbylamino Imethyl}-
thiophene-2-carbonyl)methylamino)ethyl }piperidin-4-y) ester
Biphenyl-2-ylcarbamie acid 1-{2-(4-{2-[(R)-2-hydroxy-2-(8
hydroxy-2-ox0-1,2-dihydroquinolin-5-

ylethylaminoJethoxy }phenoxy)ethylpiperidin-d-yl ester
Biphenyl-2-ylcatbamic acid 1-{2-[4-(4-{[(R}-2-bydroxy-2-(8-
hydraxy-2-oxe- 1,2-dihydroquinolin-5-yletbylamicojmethy1}-
benzoylamino)cyclohexyl jethyl bpiperidin-d-y1 ester
Biphenyl-2-ylcarbamic acid 1-(2-{4-[2-(2-{{(R)-2- hydroxy-2-(8-
hydraxy-2-oxo-1,2-dihydroquinolin-5-

yl)ethylamino Imethyl }phenoxy)acetylaminofeyclohexyl fethyl)- ©
pipendin-4-yl ester

Biphenyl-2-ylcarbamic acid 1-(2-{4-{2-(3-{[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-

slethylamico methyl}phenoxylacetylamisakeyctohexyt ethyl)-
piperidin-4-yl ester

Bipheny!-2-ylearbamic acid 1-(2-{4-[2-(4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydrequinolkin-5-

yl)ethylamine Imethyl }phenoxy)acetylamino eyclohexyl ethyl)-
piperidin-4-yl ester

Biphenyl-2-ylcatbamic acid 1-{2-{4{(5-{[(R)-2-hydroxy-2-(3-
hydroxy-2-0x0-1,2-dihydroquinclin-5-y[)ethylamino Jmethy! ) furan-
2-carbonyl)amino feyclobexyl}etbyl)piperidin-4-y! esler
Biphenyl-2-ylcarbamic acid 1-(2-{4-[(5-{[(R)-2-bydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolia-5-ylethylamino fmethyl }-
thiophene-2-carbonyl)amine feyclehexyl }ethyl)piperidin-4-yl ester
Biphenyl-2-ylcasbamic acid 1-{2-{1{2-(2-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinalin-5-

yljethylamino Imethyl}phenoxy)acetyl piperidin-d-yl}ethyl)-
pipendin-a-yl ester

> Biphenyl-2-ylcarbamic acid 1-(2-{1-{2-(3-{[(R)-2- hydroxy-2-(8-

hydroxy-2-oxo-1,2-dihydroquinclin-5-

yleihylamino methyl }phenoxy)acetyllpiperidin-4-yl }ethyl)-
piperidin-4-y! ester

Biphenyl-2-ylcarbamic acid 1-(2-{1-{2-(4-{[(R)-2-hydroxy-2-(S-
hydroxy-2-oxa-1,2-dihydroquinolio-5-

yljethylamino Jmethyt}phenoxy)acetyllpiperidin-4-y1}ethy)-
piperidin-4-yl ester

Biphenyl- 2-ylearbamic acid 1-{2-[1-(5-{[(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-3-yl)ethylamino Jmethyl } furan-
2-carbonyl) piperidin-4-yl Jethyl }piperidin-4-y] ester
Biphenyl-2-ylcarbamic acid 1-{2-{1-(5-{[(R)-2-bydroxy-2-(8-
hvdroxy-2-ox0-1,2-dihydroquinolin-5-yetbylamino jmethyi }-
thiophene-2-carbonyl)piperidia-4-ylJethyl }piperidin-d-yi ester
Biphenyl-2-ylcarbamic acid 1-{2-J4-(3-{[ (R)-2-bydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl }-
benzoylamino)phenyl Jethyl}piperidin-4-yl ester
Biphenyl-2-ylearbamic acid 1-{2-[4-(4-{[(R)-2-bydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino jmethyl }-
benzoylamina)phenytlethyl jpipesidin-4-yl estes
Biphenyl-2-ylcarbamic acid 1-(2-{4-[2-(2-{[(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-5-

yl)ethylaminoJmethyi }phenoxy)acetylaminophenyl}ethyl)-
piperidin-4-y] ester

Biphenyl-2-ylcarbamic acid 1-(2-{4-{2-(3-{[{R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-
yhjethylaminomethyl}pienoxy)acelylaminolphenyl Jeihyi)-
pipenidin-4-yi ester

Biphenyl-2-ylcarbamic acid 1-(2-{4-[2-(4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-3-
yl)ethylaminomethyl}phenoxy)acetylaminolphenyl }ethyt)-
piperidin-4-vl ester

Biphenyl-2-ylcatbamic acid 1-(2-{4-{(5-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yljethylamino Jmetbyl} furan-
2-carbanyl)amino Jphenyl tethyl)piperidin-d-yl ester
Biphenyl-2-ylcarbamic acid 1-(2-{4-{(5-{[(R)-2-bydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinclin-5-yl)ethylamino methryl}-
thiophene-2-carbonyl)amizofphenyl}ethyl)piperidin-4-yl ester

680.3

696.2

679.3

758.4

788.4

788.4

788.4

764.4

774.4

7184

134.4

752.4

82.4

782.4

782.4

758.2

Aug. 26, 2004



US 2004/0167167 Al

-continued

58

Ex.

Compound

MS

143

144

145

146

147

160

16

—

162

163

)

164

165

Biphenyl-2-ylcarbamic acid 1-{2-[4-(3-{[(R)-2-bydroxy-2-(8-
hydroxy-2-axo-1,2-dihydroquinolio-5-yl)ethylaminoJmethyl }-
benzoylamino)cyclohexyljethyl }piperidin-4-yl ester
Biphenyl-2-ylearbamic acid 1-{3-(3-{[(R)-2-hydroxy-2-(3-hydroxy-
2-ox0-1,2-dihydroquinolin-5-y1)ethylamino)methyl} phepoxy)-
propylJpiperidin-4-y1 ester

Biphenyl-2-ylcatbamic acid 1-|2-hydroxy-3-(4-{2-[(R)-2-hydroxy-
3-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-

yhethylamiso Jethyl}phenylamina)propyl Jpiperidin-4-yl ester
Biphenyl-2-vlcarbamic acid 1-[4-(4-{2-[(R)-2-hydmxy-2-(8—
hydroxy-2-oxo-1,2-dihydroquinolio-5-

yljethylamino Jethyi}phenylamino)buty! Ipiperidin-d-y) ester
Biphenyl-2-ylearbamic acid 1-{2-[4-({2{(R)-2-bydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-3-ylethylamino Jacetylamino }-
methyl|)phenylcarbamoyl Jethyl }piperidin-4-y1 ester
Biphenyl-2-ylcatbamic acid 1-{2-[4-(2-{2-[(R}-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylaminofacetylamino} -
ethyl)phenylcarbamoyljethyl}piperidin-4-yl ester
Biphenyl-2-ylcatbamic acid 1-{2-{(4-{{{R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl }-
cyclohexylmethyl}earbamoyiJethyl}piperidin-4-y] ester
Biphenyl-2-ylcarbamic acid 1-(2-{6-[(R)-2-bydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5- yl)ethylamino Jhexanoylamino }-
ethyl)piperidin-4-yl ester

Biphenyl-2-ylcarbamic acid 1-2-(3-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-axo-1,2-dihydroquinolia-5-
yDethylamino jethoxy }phenoxyJethy piperidin-d-yl ester
Biphenyl-2-ylearbamic acid 1-[2-(2-{2-[(S)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-3-
yhethylamine Jethoxy }phenoxy)ethyl piperidin-4-yl ester

3 Biphenyl-2-ylcarbamic acid 1-[242-{[(R)-2-bydroxy-2-(8-hydroxy-

2-oxo-1,2-dihydroquinolin-5-
yvl)ethylaminomethyl}phenoxy)benzyl Jpiperidin-4-y| ester
Bipbenyl-2-ylearbamic acid 1-(2-{6-{(R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-y])eihylamino Jhexylearbamoy! Jethyl)
piperidin-4-yl ester

Bipheayl-2-ylearbamice acid 1{2-({(1R 38)-3{(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolia-5-
yl)ethvlaminokyclopentanecarbonyl }amino)ethyl Jpiperidin-4-y1
ester

Bipbenyl-2-ylcarbamic acid 1-[3-(4-{3-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxe-1,2-dihydroquinolin-5-
yl)ethylamino Jpropyl }phenyljpropylpiperidin-4-yl ester
Biphenyl-2-yleatbamic acid 143-(4-{2-|(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-
vl)ethvlamino fethy1} pheayljpropyl Ipiperidio-4-y! ester
Biphenyl-2-ylcarbamic acid 1{4-(4-{2-{(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-

ylethylamino kethy!jphenyl)butylpiperidin-4-y] ester
Bipheny!-2-ylcarbamic acid 1-[3-(5-{3-(R})-2-hydraxy-2-(8-
hydroxy-2-oxo-1,2-dihydroguinolin-5-yljethylaminoJpropy! Hurao-
2-yl)propyl [piperidin-a-yl ester

Biphenyl-2-ylearbamic acid 1-{2-[3-(4-{2-{(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroguinolin-5-yl)ethylamino kihyl $phenyi)-
1-melbylureidolethyl}piperidin-d-yl ester

Biphenyl-2-ylcarbamic acid 1-{2-]1-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxa-1,2-dihydroquinolin-5-
yl)ethylaminofethy}phenylcarbamayl)piperidin-4-
vijethyl}piperidin-4-yl ester

Bipbenyl-2-ylearbamic acid 1{3+(3-{3-{(R)-2-hydroxy-2-(8-
hydroxy-2-oxo0-1,2-dihydroquinolin-5-

ylethylamino Jpropyl}phenyl)propyl]piperidin-4-y| ester
Biphenyl-2-ylcarbamic acid 1-{3-(5-{3-[(R)-2-hydroxy-2-(8-
hvdroxy-2-ox0-1,2-dihydroquinolin-5-

yljethylamino Jpropyl Hetrahydrofuran-2-yl)propylJpiperidin-4-yl
ester

Biphenyl-2-ylcarbamic acid 142-(4-{2-[(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolis-5-

vDethylamino Jethylcarbamoy!} phenoxy)ethyl Jpiperidin-4-y! ester
{5-Bromabiphenyl-2-yl)carbamic acid 1-{3-[2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolia-5-yljethylamino Jaonyt }-
piperidin-4-y| ester

758.4

663.4

652.3

690.4

7333

7474

£636.6

656.6

679.3

679.3

7113

670.4

634.8

6755

661.3

o
=3
th
in

665.6

719.2

773.3

675.3

669.6

706.3
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166 (2-Fluorobiphenyl-2-yl)carbamic acid 1-{9-{(R)-2-hydroxy-2-(8-
hydioxy-2-0x0-1,2-dihydroquinolin-5-yljethylamino Jnonyt }-
piperidin-4-yl ester

167 (3-Chloro-3,5-difluorobiphenyi-2-yljcarbamic acid 1-{9{(R)-2-
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)-
ethylomina]noayl }piperidin-4-yl ester .

168 (3'5-Dichloro-3,5-difluorobiphenyl-2-yl)carbamic acid 1-{9{(R)-2-
hydroxy-2-{8-hydroxy-2-ox0-1,2-dibydioquinolin-5-y1)-
ethylamino]nonyl }piperidin-4-yl ester

169 (3,5-Difiuorobiphenyl-2-yl)carbamic acid 1-{9-{(R)}-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dinydroquinolin-5-yl)ethylamino Jnonyl }-
piperidin-d-vl ester

659.5

711.8

7455

677.5

{0955] Preparation 99

[0956] Biphenyl-2-ylcarbamic Acid 1{2-(4-[1,3)diox-
olan-2-ylphenylcarbamoyl)-ethyl]-4-methylpiperidin-4-yl
Ester

[0957] A mixture of biphenyl-2-ylcarbamic acid 4-meth-
ylpiperidin-4-yl ester (2.73 g, 8.79 mmol) and N-(4-[1,3]
dioxolan-2-yl-phenyl)acrylamide (2.05 g, 8.80 mmol) were
heated in 100 mL of i:1 methanol/dichloromethane at 50° C.
under aitrogen for 1 h. The solution was then diluted with
ethyl acetate and the organic layer was washed with water,
brine, dried (MgS0,) and concentrated under reduced pres-
sure lo give the title compound. MS m/z caled for
C,H,sN;05 (M+H)™ 530.6; found 530.4.

[0958] Preparation 100

[0959] Biphenyl-2-ylcarbamic Acid 1-{2-(4-Formylphe- -

nylcarbamoyl)ethyl]-4-methylpiperidin-4-yl Ester

[0960] The product of Preparation 99 was redissolved in
40 mL of methanol and 25 mL of aqueous 1 N hydrochloric
actd was added. The resulting mixture was stirred at room
temperature overnight and the organic solvent was removed
under reduced pressure. The residue was dissolved in ethyl
acetate and the organic layer was washed with water, brine,
dried (MgSO,) and the solvent removed under reduced
pressure. The product was triturated with dichloromethane
to give the litle compound as a white powder (247 g).
LCMS (2-90) R;=4.27 min; MS m/z caled for C,oH,,N,0,
(M+H)"* 486.6, found 486.5.

[0961] Preparation 101

[0962] Biphenyl-2-yicarbamic Acid 1{2(4-{[(R)-2-(tert-
butyldimethylsilanyloxy)-2-(8-hydroxy-2-0x0-1,2-dihydro-
quinolin-3-yl)ethylamino]methyl }phenylcarbamoyl)ethyl}-

4-methyl-piperidin-4-y1 Ester

[0963] A mixture of the product of Preparation 100 (1.70
g, 3.51 mmol) and 5{(R)-2-amino-1-{tert-butyldimethylsi-

lanyloxy)ethyl]-8-hydroxy-1H-quinolin-2-one acetate (1.65
g, 4.19 mmol) in 40 mL of 1:1 methanol and dichlo-
romethane was slirred at room temperature overnight.
Sodium triacetoxyborohydnde (2.23 g, 10.5 mmol) was then
added in one portion and the reaction mixture was stirred at
room temperature for 6 hr. The reaction was then quenched
with water and diluted with ethyl acetate. The layers were
separated and the organic layer was washed with saturated
sodium bicarbonate, brine, dried MgSO,) and the solvent
removed under reduced pressure to give the title compound
(2.2 g). MS m/z caled for C,Hs,;N,O.81 (M+H)* 805.0,
found 804.6.

Example 170

[0964] Biphenyl-2-ylcarbamic Acid 1-[2-(4-{[(R)-2-Hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-

lamino]methyl}-pheaylcarbamoyl)ethyl |4-methylpiperidin-
4-yl Ester

[0965] The product of Preparation 101 (2.9 g, 3.6 mmol)
was dissolved in 75 mlL of dichloromethane and triethy-
lamine trihydroflucride (0.85 mlL, 5.2 mmol) was added.
The resulting mixture was stirred at room femperature
overnight and then the solvent was removed under reduced
pressure to give the crude product as an oil. The product was
then dissolved in acetic acid/water (1:1) and purified by prep
HPLC 1o give lbe title compound as an off-white solid.
LCMS (2-90) R=3.67 min.; MS m/z caled C,oH,;N;O;
(M+H)* 690.8, found 690.3.

[0966] Using the methods described herein and the appro-
priate starting materials, the following compounds can be
prepared. :

Ex. Compound MS

171 Bipheny!-2-ylcarbamic acid 12-(4-{[(R)-2-(3-formylamino-4- NA
bydroxyphenyl)- 2-hydroxyethylaminolmethyl}phenylcarbamoyl)-ethyl -
4-methylpiperidin-4-yl ester

172 Biphenyl-2-ylearbamic acid 1-{9-[(R)-2-hydroxy-2-(8-hydroxy-2- NA
axo-1,2-dihydroquinalin-5-yl)ethylaminoJaonyt}-4-methylpiperidin-4-yl ester

173 Biphenyl-2-ylcatbamic acid 1-{9-{(R)-2-(3-formylamino-4-hydroxy- NA
pheayl)-2-hydroxyethylaminolnonyl} -4 methylpiperidin-d-yl estes

174 Bipbenyl-2-ylcarbamic acid 1-(2-{5-[(R)-2-bydroxy-2-(8-hydroxy- NA

2-ox0-1,2-dihydroquinolin-5-yl)ethylamino Jpentylcarbamoyl}-
ethyl)-4-methylpiperidin-4-y! ester
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175 Biphenyl-2-ylcarbamic acid 1-(2-{5-[(R}-2-(3-formylamino-4-
bydroxyphenyl)-2-hydroxvethylamino Jpeatylcarbamoyl} ethyl)-4-
methyvlpiperidin-4-y] ester

176 Biphenyl-2-ylcarbamic acid 1-(2-{6-[(R)-2-hydroxy-2-(8-hydroxy-
1-ox0-1,2-dihydroquinolin-5-yi)ethylsmino Jhexanaylamino fethyl)-
4-methylpiperidin-4-yl ester

177 Biphenyl-2-ylcarbamic acid 1-(2-{6-[(R)-2-(3-formylamino-4-
hydroxyphenyl)-2-hydroxyethylaminolhexanoylamino}ethyl}4-
methylpiperidin-4-yl ester

178 Bipbenyl-2-ylcarbamic acid 142-(4-{[(R)-2-bydroxy-2-(8-hydroxy-
2-o0x0-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl}-
benzoylamino)ethyl }-4-methylpiperidin-4-yl esier

179 Biphenyl-2-ylcarbamic acid 1-{2-(4-{[(R)-2-(3-formylamino-4-
hydroxyphenyl)-2-hydroxyethylamino]methy! }benzoylamino)-
ethyl}4-methylpiperidin-4-yl ester

180 Biphenyl-2-ylcarbamic acid 1-{3-[4-(4- {2-[(R}-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-
ylethylamino Jethy!}phenylamino)phenylJpropy! }-4-
methylpiperidin-4-y1 ester

181 Biphenyl-2-ylcarbamic acid 142-(2-chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-
vi)ethylaminoJmethyl}phenylcarbamoyljethyl }-4-methylpiperidin-d-

. ¥l ester

182 Biphenyl-2-ylcarbamic acid 1-{2-(2-chlara-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethylamino Jnethy!} -5-
methoxyphenvicarbamoyl)ethyl]-4-methvlpiperidin-4-yl ester

NA

NA

NA

NA

NA

7785

7245

754.5

[0967] Preparation 102

[0968] Biphenyl-2-ylcarbamic acid (R)-(1-azabicyclo
[3.2.1]oct-4-yl)Ester

[0969] 2-Biphenyl isocyanate (1.00 g, 5.12 mmol) and
(R){-)-3-quinuclidinol hydrochloride (921 mg, 5.63 mmol}
were heated together in N,N-dimethylformamide (2.06 mL)
at 110° C, for 12 h. The reaction mixture was cooled and
diluted with ethyl acetate (15 mL) and then washed with
saturated aqueous sodium bicarbonate (2x10 mL). The
organic layer was extracted with 1 M hydrochloric acid
(3x20 mL) and the combined aqueous extracts were made
basic to pH 8-9 with potassium carbonate. The aqueous layer
was thea extracted with ethyl acetate (3x20 mL) and the
combined organic layers were dried (magnesivm sulfate)
and solvent was removed under reduced pressure to give lhe
title compound as a yellow oil {(1.64 g, 99% yield).

[0970] Preparation 103

[0971] (R)-4-(Biphenyl-2-ylcarbamoyloxy)-1-(9-bro-
monenyl)-1-azoniabicyclo[3.2.1]octane Bromide

[0972] To a stimred solution of the product of Preparation
102 (121 g, 3.76 mmol) and triethylamine (1.05 mL, 7.52
mmol) in acetonitrile (18.8 ml) was added 1,9-dibro-
moncnane (594 xl, 4.89 mmol) and the reaction mixture
was heated at 50° C. for 4 h. The reaction mixture was then
cooled and the solvent was removed under reduced pressure.
The residue was dissolved in dichloromethane (20 mL) and
the organic layer was washed with saturated aqueous sodium
bicarbonate (10 mL), dried (magnesium sulfate) and solvent
removed under reduced pressure. The crude product was
purified by flash chromatography (10% methanol/dichlo-
romethane, 0.5% ammonium hydroxide) to give the title
compound (1.04 g, 1.97 mmol, 52% vield).

{0973] Preparation 104

[0974] (R)-1-(9-N,N-Di(tert-butoxycarbonyl)aminon-
onyl)-4-(biphenyl-2-ylcarbamoyloxy)-1-azoniabicyclo
[3.2.1]octane Bromide

[0975] To a stirred solution of sodium hydride (60%
dispersion in mineral oil) (126 mg, 3.15 mmeol) in N,N-
dimethylformamide (10 mL) under an atmosphere of nitro-
gen at 0° C., was added di-tert-butyl iminodicarboxylate
(513 mg, 2.36 mmol) in N,N-dimethylformamide (5 mL).
The reaction mixture was stirred at room temperature for 15
min and then it was cooled to 0° C. and the product of
Preparation 103 {1.04 g, 1.97 mmol) in N,N-dimethylfor-
mamide (5 mL) was added. The reaction mixlure was
allowed to warm to room temperzture over a {2 h period and
then the solvent was removed under reduced pressure 1o give
the title compound, which was used without further purifi-
cation.

[0976] Preparation 105

[0977] (R)-1-(9-Aminononyl),(biphenyl-2-ylcarbamoy-
loxy)-1-azoniabicyclo{3.2.1Joctane Bromide

[0978] The product of Preparation 104 (1.31 g, 1.97
mmol) was dissolved in dichloromethane (15 mlL) and
trifluoroacetic acid (5 mL) was added slowly. The reaction
mixture was stirred at room temperatuce for 1 h and then the
solvent was removed under reduced pressure. The residue
was dissolved in dichloromethane (20 mL) and washed with
aqueous 1 M sodium hydroxide (20 mL). The organic layer
was extracted with 1 M hydrochloric acid (3x20 mL) and the
combined aqueous extracts were made basic with potassium
carbonate and extracted with dichloromethane (3x20 mL).
The combined organic layers were dried (magnesium sul-
fate) and solvent was removed under reduced pressure to
give the title compound (210 mg, 23% vield over 2 steps).
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[0979] Preparation 106

[0980] (R)-1-{9-[(R)-2-(8-Benzyloxy-2-oxo-1,2-dihydro-
guinolin-5-y1)-2-hydroxyethylamino }-nonyl} -4-(biphenyl-
2-ylcarbamoyloxy)-1-azoniabicyclo{3.2.1 Joctane Bromide

[0981] The product of Preparation 105 (210 mg, 0.45
mmol) and sodiwm triacetoxyborohydride (286 mg, 1.35
mmol) were stirred in dichlorocthane (4.5 mL) at room
temperature for 2 h and then the product of Preparation 6
(163 mg, 0.50 mmol) was added. The reaction mixture was
stirred for 12 b and then diluted with dichloromethane (10
mL} and washed with saturated aqueous sodium bicarbonate
(10 mL), dried (magnesium sulfate) and solvent removed
under reduced pressure. The crude reaction product was
purified by flash chromatography (10-50% methanol/dichlo-
romethane, 0.5% ammonium hydroxide) to give the title
compound (131 mg, 38% yield).

Example 183

[0982] 4-(Biphenyl-2-ylcarbamoyloxy)-1-{9-[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl J-ethy-
lamino Jnonyl}-1-azoniabicyclo[2.2.2]Joctane Bromide Ditri-
fluaroacetate

[0983] To a stirred solution of the product of Preparation
105 (131 mg, 0.17 mmol) in methanol (1.8 mL) was added
palladium (10 wt. % dry basis on activated carbon; 39 mg)
and the reaction mixture was placed under an atmosphete of
hydrogen. After stirring for 12 h, the reaction mixture was
filtered through a pad of Celite, washing with methanol (2
mL) and solvent removed under reduced pressure. The
resulting residue was purified by preparative HPLC to give
the title compound as its ditnfluoroacetate salt (8 mg). MS
m/z 667.5.

[0984] Using the methods described herein and the appro-
priate starting materials, the following compounds can be
prepared.

Ex. Compound MS

184  Biphenyl-2-ylcatbamic acid 8-{9- 667.3
§(R)-2-bydroxy-2-(8-hydroxy-2-
ox0-1,2-dihydroquinolin-5-
ylethylamino jnonyl}-8-aza-
bicyclo[3.2.1Joct-3-y1 ester

185 7-(Biphenyl-2-ylcarbamoyloxy)-9- 695.5
{9-[(R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-y)-
ethylaminononyl}-9-methyi-3-
exa-9-azonialncyclo[3,3.1.0%2,4* Jnonane bromide

186  Biphenyl-2-ylcatbamic acid 9-{9-{(R)-2-bydroxy- 681.5
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-§-
ylethylaminoJnonyl}-3-o0xa-9-aza-
tricyclo{3.3.1.0*2,4* Jnon-7-yl ester

[0985] Preparation A

[0986] Cell Culture and Membrane Preparation From
Cells Expressing Human B,, 8, or f; Adrenergic Receptors

[0987] Chinese hamster ovarian (CHO) cell lines stably
expressing cloned human §,, B, or 5 adrenergic receptors,

respectively, were grown to near coafluency in Hams F-12 -

media with 10% FBS in the presence of 500 ug/mL Gene-
ticin. The cell monclayer was lifted with 2 mM EDTA in
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PBS. Cells were pelleted by centrifugation at 1,000 rpm, and
cell pellets were either stored frozen at -80° C. or mem-
branes were prepared immediately for use. For preparation
of B, and B, receptor expressing membranes, cell pellets
were re-suspended in lysis buffer (10 mM HEPES/HC], 10
mM EDTA, pH 7.4 at 4° C)) and homogenized using a
tight-fitting Dounce glass homogenizer (30 strokes) on ice.
For the more protease-sensitive 5 receptor eXpressing mem-
branes, cell pellets were homogenated in lysis buffer (10
mM Tris/HCl, pH 7.4) supplemented with one tablet of
“Complete Protease Inhibitor Cocktail Tablets with 2 mM
EDTA” per 50 mL buffer (Roche Catalog No. 1697498,
Roche Molecular Biochemicals, Indianapolis, Ind.). The
homogenate was centrifuged at 20,000xg, and the resulting
pellet was washed once with lysis buffer by re-suspension
and centrifugation as above. The final pellet was then
re-suspended in ice-cold binding assay buffer (75 mM
Tris/HCI pH 74, 12.5 mM MgCl,, 1 mM EDTA). The
protein concentration of the membrane suspension was
determined by the metbods described in Lowry et al,, 1951,
Journal of Biological Chemistry, 193, 265; and Bradford,
Analytical Biochemistry, 1976, 72, 248-54. All membranes
were stored frozen in aliquots at —-80° C. or used immedi-
ately.

[0988] Preparation B

[0989] Cell Culture and Membrane Preparation from Cells
Expressing Human M,, M,, M; and M, Muscarinic Recep-
tors

[0990) CHO cell lines stably expressing cloned human
EM;, hM,, hM; and hM, muscarinic receplor subtypes,
respectively, were grown to near confluency in HAMs F-12
media supplemented with 10% FBS and 250 sg/ml Gene-
ticin. The cells were grown in a 5% CO,, 37° C. incubator
and lifted with 2 mM EDTA in dPBS. Cells were collected
by 5 minute centrifegation at 650xg, and cell pellcts were
either stored frozen at —-80° C. or membranes were prepared
immediately for use. For membrane preparation, cell pellets
were resuspended in lysis buffer and hemogenized with a
Polytron PT-2100 tissue disrupter (Kinematica AG; 20 sec-
ondsx2 bursts). Crude membranes were centrifuged at
40,000xg for 15 minutes a1 4° C. The membrane pellet was
then resuspended with re-suspension buffer and homog-
cnized again with the Polytron tissue distupter. The protein
conceniration of the membrane suspension was determined
by the method described in Lowry et al., 1951, Journal of
Biochemistry, 193, 265. All membranes were stored frozen
in aliquots at -80° C. or used immediately. Aliquots of
prepared hM; receptor membranes were purchased directly
from Perkin Elmer and stored at -80° C. until use.

[0991] Assay Test Procedure A

[0992] Radioligand Binding Assay for Human §,, §. and
B, Adrenergic Receptors

[0993] Binding assays were performed in 96-well micro-
titer plates in a total assay volume of 100 uL with 10-15 ug
of membrane protein containing the human f,, B, or fi,
adrenergic receptors in assay buffer (75 mM Tris/HCl pH 7.4
al 25° C, 125 mM MgCl,, 1 mM EDTA, 0.2% BSA).
Saturation binding studies for determination of K, values of
the radioligand were done using [*H]-dihydroalprenolol
(NET-720, 100 Ci/mmol, PerkinElmer Life Sciences Inc.,
Boston, Mass.) for the B, and B, receptors and [**I]-(-)-
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iodocyanopiodolol (NEX-189, 220 Ci/mmol, PerkinElmer
Life Sciences Inc., Boston, Mass.) at 10 or 11 different
concentrations ranging from 0.01 nM to 20 oM. Displace-
ment assays for determination of K, values of test com-
pounds were done with [*H]-dihydroalprenclol at 1 nM and
[**51]-(~)>-iadocyanopindolol at 0.5 nM for 10 or 11 different
concentrations of test compound ranging from 10 pM to 10
HM. Non-specific binding was determined in the presence of
10 M propranolol. Assays were incubated for 1 hour at 37°
C., and then binding reactions were terminaled by rapid
filtration over GF/B for the f, and B, receptors or GF/C glass
fiber filter plates for the B4 receptors (Packard BioScience
Co., Meriden, Conn.) presoaked in 0.3% polyethyleneimine.
Filter plates were washed three times with filtration buffer
(75 mM Tris/HC1 pH 7.4 at 4° C,, 12.5 mM MgCl,, 1 mM
EDTA) to remove unbound radicaclivity. The plates were
then dried and 50 uL of Microscint-20 liquid scintillalion
fluid (Packard BioScience Co., Meriden, Conn.) was added
and plates were counted in a Packard Topcount liquid
scintillation counter (Packard BioScience Co., Meriden,
Conn.). Binding data were analyzed by nonlinear regression
analysis with the GraphPad Prism Software package (Graph-
Pad Software, Inc., San Diego, Calif.) using the 3-parameter
model for one-site competition. The curve minimum was
fixed to the value for nonspecific binding, as determined in
the presence of 10 #M propranotol. K; values for test
compounds were calculated from observed IC,, values and
the K, value of the radioligand using the Cheng-Prusoff
equation {Cheng Y, and Prusoff W H., Biochemical Phar-
macology, 1973, 22, 23, 3099-108).

[0994] In this assay, a lower K, value indicates that a test
compound has a higher binding affinity for the receptor
tested. Exemplified compound of this invention that were
tested in this assay typically were found 10 have a K| value
of less than about 300 aM for the fi, adrenergic receptor. Far
example, the compounds of Examples 3 and 6 were found 1o
have K; values of less than 10 oM.

[0995] If desired, the receplor subtype selectivity for a test
compound can be calculated as the ratio of K{B,/K,(B,) or
Ki(B3s¥Ki(B.). Typically, compounds of this inventicn dem-
onstrated greater binding at the {3, adrenergic receptor com-
pared o the 3, or B adrenergic receptor, i.e. Ki(B,) or Ki(B,)
is typically preater than K(f8.). Generally, compounds hav-
ing selectivity for the f; adrenergic receptor over the 8, or
f35 adrenergic receptors are preferred; especially compounds
having a selectivity greater than about 5; and in particular,
greater than about 8. By way of example, the compounds of
Examples 3 and 6 had a ratio of Ki(B,)/K{(B,) greater than
8.

[0996] Assay Test Procedure B

[0997] Radioligand Binding Assay for Muscarinic Recep-
tors

[0998] Radioligand binding assays for cloned human mus-
carinic receptors were performed in 96-well microtiter plates
in a total assay volume of 100 ul.. CHO cell membranes
stably expressing either the hM,, hM,, hM;, hM, or hM,
muscarinic subtype were diluted in assay buffer to the
following specific target prolein concentrations (ug/well):
10 peg for WM, 10-15 ug for hM.., 10-20 pg for hM,, 10-20
ug for bM4, and 10-12 pg for hM; to get similar signals
(cpm). The membranes were briefly homogenized using a
Polytron tissue disruptor (10 seconds) prior to assay plate
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addition. Saturation binding studies for determining Kp
values of the radioligand were performed using L{N-me-
thyl-*H]scopolamine  methyl  chloride  ([*H]-NMS)
{TRK666, 84.0 Ci/mmol, Amersham Pharmacia Biotech,
Buckinghamshire, England) at concentrations ranging from
0.001 M to 20 oM. Displacement assays for determination
of K; values of test compounds were performed with [*H]-
NMS at 1 nM and eleven different test compound concen-
trations. The test compounds were initially dissolved 10 a
conceatration of 400 uM in dilution buffer and then serially
diluted 5x with dilution buffer to final concentrations rang-
ing from 10 pM to 100 ¢M. The addition order and volumes
to the assay plates were as follows: 25 pL radioligand, 25 uL
diluted test compound, and 50 #LL membranes. Assay plates
were incubated for 60 minutes at 37° C. Binding reactions
were terminated by rapid filtration over GF/B glass fiber
filter plates (PerkinElmer Inc., Wellesley, Mass.) pre-treated
in 1% BSA. Filter plates were rinsed three times with wash
buffer (10 mM HEPES) to remove unbound radioactivity.
The plates were then air dried and 50 uL Microsciat-20
liquid scintillation fluid (PerkinElmer Inc., Wellesley,
Mass.) was added to each well. The plates were then counted
in a PerkinElmer Topcount liquid scintillation counter
(PerkinElmer Inc., Wellesley, Mass.). Binding data were
analyzed by nonlinear regression analysis with the Graph-
Pad Prism Software package (GraphPad Software, loc., San
Diego, Calif.) using the one-site competition model. K;
values for test compounds were calculated from observed
IC,, values and the K, value of the radioligand using the
Cheng-Prusoff equation (Cheng Y; Prusoff W H. (1973)
Biochemical Pharmacology, 22(23).3099-108). K, values
were converted to pK; values to determine the geomelric
mean and 95% confidence intervals. These summary slatis-
tics were then converted back lo K; values for data reporting.

{0999] In this assay, a lower K; value indicates that the test
compound has a higher binding affinity for the receptor
tested. Exemplified compound of this invention that were
tested in this assay typically were found to have a K, value
of less than about 300 nM for the M, muscarinic receplor.
For example, the compounds of Examples 3 and 6 were
found to have K; values of less than 10 oM.

[1000] Assay Test Procedure C

[1001] Whole-cell cAMP Flashplate ‘Assay in CHO Cell
Lines Heterologously Expressing Human f,, f, or §; Adr-
energic Receptors

[1002] cAMP assays were performed in a radioimmunoas-
say format using the Fiashplate Adenylyl Cyclase Activation
Assay System with ['**T]-cAMP (NEN SMP004, Perki-
nElmer Life Sciences Inc., Boston, Mass.), according to the
manufacturers instructions. For the determination of f§
receplor agonist potency (EC,;), CHO-KI1 cell lines stably
expressing cloned human f3,, B, or B adrenergic receptors
were grown to near confluency in HAM’s F-12 media
supplemented with 10% FBS and Geneticin (250 pg/mL).
Cells were rinsed with PBS and detached in dPBS (Dulbec-
co’s Phosphate Buffered Saline, without CaCl, znd MgCl,)
conlaining 2 mM EDTA or Trypsin-EDTA solwion (0.05%
rypsin/0.53 mM EDTA). After counting cells in Coulter cell
counter, cells were pelleted by centrifugation at 1,000 rpm
and re-suspended in stimulation buffer containing [BMX
(PerkinElmer Kit) pre-warmed to room lemperature to a
concentration of 1.6x10° 10 2.8x10° cells/ml.. About 60,000

57
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to 80,000 cells per well were used in this assay. Test
compounds (10 mM in DMSQO) were diluted into PBS
containing 0.1% BSA in Beckman Biomek-2000 and tested
al 11 different concentrations ranging from 100 4M to 1 pM.
Reactions were incubated for 20 min at 37° C. and stopped
by adding 100 uL of cold detection buffer containing ['*1]-
cAMP (NEN SMP004, PerkinEYmer Life Sciences, Boslon,
Mass.). The amount of cAMP produced (pmoljwell) was
cajculated based on the counts observed for the samples and
cAMP standards as described in the manufacturer’s user
manuat. Dala were analyzed by nonlinear regression analy-
sis with the GraphPad Prism Software package {GraphPad
Software, Inc., San Diego, Calif.) with the sigmoidal equa-
tion. The Cheng-Prusoff equation (Cheng Y, and Prusoff W
H., Biochemical Pharmacolagy, 1973, 22, 23, 3099-108)
was used to calculate the EC50 values.

[1003] In this assay, a lower EC, value indicates that the
test compound has a higher functional activity at the recep-
tor tested. Exemplified compound of this invention that were
tested in this assay typically were found to have a ECy value
of less than about 300 nM for the f, adrenergic receptor. For
example, the compounds of Examples 3 and 6 were found to
have EC,, values of less than 10 nM.

[1004] If desired, the receptor subtype selectivity for a test
compound can be calculated as the ratio of ECs(B,)/
ECso(B,) or ECso{B3VECs(B5). Typically, compounds of
this invention demonstrated greater functional activity at the
B, adrenergic receptor compared to the f, or B adrenergic
receptor, i.e. ECgo(B,) or EC4(B,) is typically greater than
ECso(B2). Generally, compounds having selectivity for the
B, adrenergic receplor over the 8, or B; adrenergic receptors
are preferred; especially compounds having a selectivity
greater than about 5; and in particular, greater than about 10.
By way of example, the compounds of Examples 3 and 6 had
ratios of ECsq(B,WECso(B.) greater than 10.

[1005] Assay Test Procedure D

[1006] Functional Assays of Antagonism for Muscarinic
Receptor Subtypes

[1007] A. Blockade of Agonist-Mediated Inhibition of
c¢AMP Accumulation

[1068] In this assay, the functional potency of a test
compound is determined by measuring the ability of the test
compound to block oxotremorine-inhibition of forskolin-
mediated ¢cAMP accumulation in CHO-K1 cells expressing
the hM, receptor. cCAMP assays are performed in a radio-
immunoassay format using the Flashplate Adenylyl Cyclase
Activation Assay System with '**1-cAMP (NEN SMP004B,
PeckinElmer Life Sciences Inc., Boston, Mass.), according
lo the manufacturer’s instructions. Cells are rinsed once wilh
dPBS and lified with Trypsin-EDTA solution (0.05%
1rypsin/0.53 mM EDTA) as described in the Cell Culture and
Membrane Preparation section above. The detached cells are
washed twice by centrifugation at 650xg for five minutes in
50 mL dPBS. The cell peliet is then re-suspended in 10 mL
dPBS, and the cells are counted with a Coulter Z1 Dual
Particle Counter (Beckman Coulter, Fullerton, Calif.). The
cells are centrifuged again at 650xg for five minutes and
re-suspended in stimulation buffer to an assay concentration
of 1.6x10°-2.8x10° cells/mL.

[1009] The test compound is initially dissolved to a con-
centration of 400 M in dilution buffer (dPBS supplemented
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with 1 mg/ml. BSA (0.1%)), and then serially diluted with
dilution buffer to final molar concentrations ranging from
100 M to 0.1 nM. Oxotremorine is diluted in a similar
manner.

[1010] To measure oxotremorine inhibition of adenylyl
cyclase (AC) activity, 25 uL. forskolin (25 #M final concen-
tration diluted in dPBS), 23 pl. diluted oxotremorine, and 50
4L cells are added 1o agonisi assay wells. To measure the
ability of a test compound to block oxotremorine-inhibited
AC activity, 25 L forskolin and oxotremorine (25 M and
5 uM final concentrations, respectively, diluted in dPBS), 25
4L diluted test compound, and 50 L cells are added 1o
remaining assay wells.

[1011] Reactions are incubated for 10 minutes at 37° C.
and stopped by addition of 100 uL ice-cold detection buffer.
Plates are sealed, incubated overnight at room temperature
and counted the next morning on a PerkinElmer TopCount
Hquid scintillation counter (PerkinElmer Inc., Wellesley,
Mass.). The amount of cAMP produced (pmol/well) is
calculated based on the counts observed for the samples and
cAMP standards, as described in the manufacturer’s user
manual. Data is analyzed by nonlinear regression analysis
with the GraphPad Prism Software package (GraphPad
Software, Inc., San Diego, Calif.) using the non-linear
regression, one-site competition equation. The Cheng-Pru-
soff equation is used to calculate the K;, using the ECy, of
the oxotremorine concentration-response curve and the
oxolremorine assay concentration as the K, and (L], respec-
tively,

[1012] In this assay, a lower K| value indicates that the test
compound has a bigher functional activity at the receptor
tested. Exemplified compound of this invention that were
tested in this assay typically were found to have a K| value
of less than about 300 nM for blockade of oxotremorine-
inhibition of forskolin-mediated cAMP accumulation in
CHO-K1 cells expressing the hM. receptor. For example,
the compound of Example 3 was found to have a K; value
of less than 10 aM.

[1013] B. Blockade of Agonist-Mediated [**S]GTPYS
Binding

[1014] Inasecond functional assay, the functional potency
of test compounds can be determined by measuring the
ability of the compounds to block oxotremorine-stimulated
[**S)GTPYS_binding in CHO-K1 cells expressing the hM,
receptor.

[1015] At the time of use, frozen membranes were thawed
and then diluted in assay buffer with a final targel tissue
concentration of 5-10 ug protein per weli. The membranes
were briefly homogenized using a Polytron PT-2100 tissue
disrupter and then added to the assay plates.

[1016] The ECy, value (effective concentration for 90%
maximal response) for stimulation of [**S]GTPYS binding
by the agonist oxotremorine was determined in each expen-
ment.

[1017] To determine the ability of a test compound to
inhibit oxotremorine-stimulated [**S]GTPYS binding, the
following was added to each well of 96 well plates: 25 uL.
of assay buffer with [**S]GTPyS (0.4 nM), 25 sl of
oxotremorine(ECg,) and GDP (3 uM), 25 ul. of diluted test
compound and 25 ul. CHO cell membranes expressing the

N
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hM, receptor. The assay plates were then incubated at 37° C.
for 60 minutes. The assay plates were filtered over 1%
BSA-pretreated GF/B filters using a PerkinElmer 96-well
harvester. The plates were rinsed with ice-cold wash buffer
for 3x3 scconds and then air or vacuum dried. Microscint-20
scintillation liquid (50 L) was added to each well, and each
plate was sealed and radioactivity counted on a Topcounter
(PerkinElmer). Data were analyzed by nonlinear regression
analysis with the GraphPad Prism Software package (Graph-
Pad Software, Inc., San Diego, Calif.) using the non-linear
regeession, one-sile competition equation. The Cheng-Pru-
soff equation was used to calculate the K, using the ICy,
values of the concentration-response curve for the test
compound and the oxotremorine concentration in the assay
as the Kp, and [L], ligand concentration, respectively.

[1018] Inthis assay, a lower K, value indicates that the test
compound has a higher functional activity at the receptor
tested. Exemplified compound of this invention that were
tested in this assay typically were found to have a K value
of less than about 300 nM for blockade of oxotremorine-
stimulated [**S]GTPyS_binding in CHO-K1 cells express-
ing the hM, receptor. For example, the compound of
Example 3 was found to have a K; value of less than 10 nM.

[1019] C. Blockade of Agonist-Mediated Calcium Release
via FLIPR Assays

[1020] Muscarinic receptor subtypes (M,, M, and M,
receptors), which couple to G, proteins, activate the phos-
pholipase C (PLC) pathway upon agonist binding to the
recepter. As a result, activated PLC hydrolyzes phosphatyl
inositol diphosphate (PIP,) to diacylglycerol {DAG) and
phosphatidyl-1,4,5-triphosphate (IP;), which in turn gener-
ates calcium release from intracellular stores, i.e., endoplas-
mic and sarcoplasmic reticulum. The FLIPR (Molecular
Devices, Sunnyvale, Calif) assay capitalizes on this
increase in intracellular calcium by using a calcium sensitive
dye (Fluo-4AM, Molecular Probes, Eugene, Oreg.) that
fluoresces when free calcium binds. This fluorescence event
is measured in real time by the FLIPR, which detecis the
change in fluorescence from a monolayer of cells cloned
with human M, and M,, and chimpanzee M, receplors.
Antagonist potency can be determined by the ability of
antagonists to inhibit agonist-mediated increases in intrac-
ellular calcium.

(1021] For FLIPR calcium stimulation assays, CHO cells
stably expressing the hM,;, hM; and cMj receptors are
seeded into 96-well FLIPR plates the night before the assay
is done. Seceded cells are washed twice by Cellwash (MTX
Labsystems, Inc.) with FLIPR buffer (10 mM HEPES, pH
74,2 mM calcium chloride, 2.5 mM probenecid in Hank’s
Buffered Salt Solution (HBSS) without calcium and mag-
nesiumy) 10 remove growth media and teaving 50 ul/well of
FLIPR buffer. The cells are then incubated with 30 ul /well
of 4 pM FLUO-4AM (a 2x solution was made) for 40
minutes at 37° C., 5% carbon dioxide. Following the dye
incubation period, cells are washed two times with FLIPR
buffer, leaving a final volume of 50 uL/well.

[1022] To determine antagonist potency, the dose-depen-
dent stimulation of intracellular Ca** release for oxotremo-
rine is first determined so that antagonist potency can later
be measured against oxotremorine stimulation at an ECg,
concentration. Celis are first incubated with compound
dilution buffer for 20 minutes, followed by agonist addition,
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which is performed by the FLIPR. An ECg, value for
oxolremorine is generated according to the method detailed
in the FLIPR measurement and data reduction section below,
in conjunction with the formula EC.=((F/100-F)
"1/H)*ECq,. An oxotremorine concentration of 3xEC; is
prepared in stimulation plates such that an ECgy, concentra-
tion of oxotremorine is added to each well in the antagonist
inhibition assay plates.

[1023] The parameters used for the FLIPR are: exposure
length of 0.4 seconds, laser strength of 0.5 watts, excitation
wavelength of 488 nm, and emission wavelength of 550 nm.
Baseline is determined by measuring the change in fluores-
cence for 10 seconds prior to addition of agonist. Following
agonist stimulation, the FLIPR continuously measured the
change of fluorescence every 0.5 to 1 second for 1.5 minutes
to capture the maximum fluorescence change.

[1024] The change of fluorescence is expressed as maxi-
mum fluorescence minus baseline fluorescence for each
well. The raw data is analyzed against the logarithm of drug
concentration by nonlinear regression with GraphPad Prism
(GraphPad Software, Inc., San Diego, Calif) using the
built-in model for sigmoidal dose-response. Antagonist K
values are determined by Prism using the oxotremorine
EC_ value as the Ky, and the oxotremorine ECy, for the
ligand concentration according to the Cheng-Prusoff equa-
tion (Cheng & Prusoff, 1973).

[1025] In this assay, a lower K; value indicates that the test
compound bas a higher functional activily at the receplor
tested. Exemplified compound of this invention that were
tested in this assay typically were found to have a K; value
of less than about 300 nM for blockade of agonist-mediated
calcium release in CHO cells stably expressing the hM,,
bM_ and CM; receptors. For example, the compound of
Example 3 was found 1o have a K, value of less than 10 1M
for the hM,, hM and cM; receptors.

[1026] Assay Test Procedure E

[1027] Whole-Cell cAMP Flashplate Assay with a Lung
Epithelial Cell Line Endogenously Expressing Human f,
Adrenergic Receptor

[1028] For the determination of agonist potencies and
efficacies (intrinsic activities) in a cell line expressing
endogenous levels of the B, adrenergic receptor, a human
lung epithelial cell line (BEAS-2B) was used (ATCC CRL-
9609, American Type Culture Collection, Manassas, Va.)
(Janvary B, el al., Britisk Journal of Pharmacology, 1998,
123, 4, 701-11). Cells were grown to 75-90% confluency in
complete, serum-free medium (LHC-9 MEDIUM contain-
ing Epinephrine and Retinoic Acid, cat # 181-500, Bio-
source International, Camarillo, Calif.). The day before the
assay, medium was switched to LHC-8 (no epinephrine or
retinoic acid, cat # 141-500, Biosource International, Cama-
rillo, Calif.). cAMP assays were performed in a radioimmu-
noassay format using the Flashplate Adenylyl Cyclase Acti-
vation Assay System with [***[]cAMP (NEN SMP004,
PerkinElmer Life Sciences Inc., Boston, Mass.), according
to the manufacturers instructions. On the day of the assay,
cells were rinsed with PBS, lifted by scraping with 5 mM
EDTA in PBS, and counted. Cells were pelleted by centrifu-
gation at 1,000 rpm and re-suspended in stimulation buffer
pre-warmed to 37° C. at a final concentration of 600,000
cells/mL. Cells were used at a final concentration of 100,000
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to 120,000 cellsfwell in this assay. Test compounds were
serially diluted into assay buffer (75 mM Tris/HCl pH 7.4 at
25° C, 125 mM MgCl,, 1 mM EDTA, 0.2% BSA) in
Beckman Biomek-2060. Test compounds were tested in the
assay at 11 different concentrations, ranging from 10 uM to
10 pM. Reactions were incubated for 10 min at 37° C. and
stopped by addition of 100 uL of ice-cold detection buffer.
Plates were sealed, incubated over night at 4° C. and counted
the next morning in a Topcount scintillation counter (Pack-
ard BioScience Co., Meriden, Conn.). The amouat of cAMP
produced per mL of reaction was calculated based on the
counts observed for samples and cAMP standards, as
described in the manufacturer’s vser manual. Data were
analyzed by nonlinear regression analysis with the Graph-
Pad Prism Software package (GraphPad Software, Inc., San
Diego, Calif.) using the 4-parameter model for sigmoidal
dose-response.

[1029] In this assay, a lower EC, value indicates that the
test compound has a higher functional activity at the recep-
tor tested. Exemplified compound of this invention that were
tested in this assay typically were found to have a EC,, value
of less than about 300 oM for the f, adrenergic receptor. For
cxample, the compounds of Examples 3 and 6 were found to
have EC, values of less than 10 nM.

[1030] If desired, test compound efficacy (% Eff) was
calculated from the ratio of the observed Emax (TOP of the
fitted curve} and the maximal response obtained for isopro-
terenol dose response curve and was expressed as % Eff
relative 1o isoproterenol. Exemplified compounds of this
invention tested in this assay typically demonstrated a % Eff
greater than about 40.

[1031] Assay Test Procedure F

[1032] Duration of Bronchoprotection in Guinea Pig Mod-
els of Acetylcholine-Induced or Histamine-Induced Bron-
choconstriction

[1033] These in vivo assays were used to assess the
bronchoprotective effects of test compounds exhibiting both
muscarinic receplor antagonist and f, adrenergic receptor
“agonist activity. To isolate muscarinic antagonist activity in
the acetylcholine-induced branchoconstriction medel, the
animals were administered propanolol, a compound that
blocks f receptor activity, prior to the administration of
acetylcholine. Duration of bronchoprotection in the hista-
mine-induced bronchoconstriction model reflects P, adren-
ergic receptor agonist aclivity.

[1034] Groups of 6 male guinea pigs (Duncan-Hartley
(HsdPoc:DH) Harlan, Madison, Wis.) weighing between
250 and 350 g were individually identified by cage cards.
Throughout the study, animals were allowed access to food
and water ad libitum.

[1035] Test compounds were administered via inhalation
over 10 minutes in a whole-body exposure dosing chamber
(R&S Molds, San Carlos, Calif.). The dosing chambers were
arranged so that an acrosol was simultancously delivered to
6 individual chambers from a central manifold. Guinea pigs
were exposed to an aerosol of a test compound or vehicle
(WF!). These aeroscls were generated from aqueous solu-
tions using an LC Star Nebulizer Set (Madel 22F51, PARI
Respiratory Equipment, Inc. Midlothiag, Va.) driven by a
mixture of gases (C0,=5%, 0,=21% and N =74%) at a
pressure of 22 psi. The gas flow through the nebulizer at this
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operaling pressure was approximately 3 L/minute. The gen-
erated aerosols were driven into the chambers by positive
pressure. No dilution air was used during the delivery of
aerosolized solutions. During the 10 minute nebulization,
approximately 1.8 mL of solution was nebuhized. This value
was measured gravimetrically by comparing pre- and post-
nebulization weights of the filled nebulizer.

[1036] The bronchoprotective effects of test compounds
administered via inhalation were evaluated using whole
body plethysmography at 1.5, 24, 48 and 72 hours post-dose.

[1037] Forty-five minutes prior to the start of the pulmo-
nary evaluation, each guinea pig was anesthetized with an
Intramuscular injection of ketamine (43.75 mg/kg), xylazine
(3.50 mg/kg) and acepromazine (1.05 mg/kg). After the
surgical site was shaved and cleaned with 70% alcohol, a 2-3
cm midline incision of the ventral aspect of the neck was
made. Then, the jugular vein was isolated and cannulated
with a saline-filled polyethylene catheter (PE-50, Becton
Dickinson, Sparks, Md.) to allow for intravenous infusions
of acetylcholine {Ach) or histamine in saline. The trachea
was then dissecled free and cannulated with a 14G teflon
tube (#NE-014, Small Parts, Miami Lakes, Fla.). If required,
anesthesia was maintained by additional intramuscular
injections of the aforementioned anesthetic mixture. The
depth of anesthesia was monitored and adjusted if the animal
responds to pinching of its paw or if the respiration rate was
greater than 100 breaths/minute.

[1038] Once the cannulations were completed, the animal
was placed into a plethysmograph (#PLY3114, Buxco Elec-
tronics, Inc., Sharon, Conn.) and an esophageal pressure
cannula (PE-160, Becton Dickinson, Sparks, Md.) was
inserted to measure pulmonary driving pressure (pressure).
The teflon tracheal tube was atiached to the opening of the
plethysmograph to allow the guinea pig to breathe room air
from outside the chamber. The chamber was then sealed. A
heating lamp was used to maintain body temperature and the
guinea pig’s lungs were inflated 3 times with 4 mL of air
using a 10 mL calibration syringe (#5520 Series, Hans
Rudolph, Kansas City, Mo.) to ensure that the lower airways
did not collapse and that the animal did not suffer from
hyperventilation.

[1039] Oance it was determined that baseline values were
within the range of 0.3-0.9 mL/em H,0 for compliance and
within the range of 0.1-0.199 cm H,O/mL per second for
resistance, the pulmonary evaluation was initiated. A Buxco
pulmonary measurement computer progam enabled the col-
lection and derivation of pulmonary values.

[1040] Starting this program initiated the experimental
protocol and data collection. The changes in volume over
time that occur within the plethysmograph with each breath
were measured via a Buxco pressure transducer. By inte-
grating this signal over time, a measurement of flow was
calculated for each breath. This signal, together with the
pulmonary driving pressure changes, which were collected
using a Sensym pressure transducer (#TRD4100), was con-
nected via a Buxco (MAX 2270) preamplifier to a data
collection interface (#'s SFT3400 and SFT3813). All other
pulmonary parameters were derived from these two inputs.

[1041] Baseline values were collected for 5 minutes, after
which time the guinea pigs were challenged with Ach or
histamine. When evaluating the muscarinic antagonist
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effects, propanolol (5 mg/Kg, iv) (Sigma-Aldrich, St. Louis,
Mo.) was administered 15 minutes prior to challenge with
Ach. Ach (Sigma-Aldrich, St. Louis, Mo.) (0.1 mg/mL) was
infused intravenously for 1 minute from a syringe pump
(sB.,0iw, World Precision [nstruments, Inc., Sarasota, Fla.)
at the following doses and prescribed times from the start of

the experiment: 1.9 ug/minute at 5 minutes, 3.8 ug/miaute at -~

10 minutes, 7.5 gg/minute at 15 minutes, 15.0 pg/minute at
20 minutes, 30 #g/minute at 25 minutes and 60 ug/minute at
30 minutes. Alternatively, bronchoprotection of test com-
pounds was assessed in the acetylcholine challenge model
without pretreatment with a beta blockiug ¢compound.

[1042] When evaluating the B, adrenergic receptor agonist
effects of test compounds, histamine (25 pg/mL) (Sigma-
Aldrich, St. Louis, Mo.) was infused intravenously for 1
minute from a synnge pump at the following doses and
prescribed times from the slart of the experiment: 0.5
pg/minute at 5 minutes, 0.9 yg/minute at 10 minutes, 1.9
ug/minute at 15 minutes, 3.8 ug/minute at 20 minuies, 7.5
pg/minute at 25 minutes and 15 ug/minute at 30 minutes. If
resistance or compliance had not returned to baseline values
at 3 minutes following each Ach or histamine dose, the
guinea pig’s lungs were inflated 3 times with'4 mL of air
from 2 10 mL calibration syringe. Recorded pulmonary
parameters include respiration frequency (breaths/minute),
compliance (mL/im H,0) and pulmonary resistance (c¢m
H.O/mL per second). Once the pulmonary function mea-
surements were compleled at minute 35 of this protocol, the
guinea pig was removed from the pletbysmograph and
euthanized by carbon dioxide asphyxialion.

[1043] The data were evaluated in one of 1wo ways:

{1044] (a) Pulmonary resistance (R;, cm H,O/mL per
second) was calculated from the ratio of “change in pres-
sure” to “the change in flow.” The R, response 1o ACh (60
ug/min, 1H) was computed for the vehicle and the test
compound groups. The mean ACh response in vehicle-
treated animals, at each pre-treatment time, was calculated
and used 1o compute % inhibition of ACh response, at the
corresponding pre-treatment time, at each test compound
dose. Inhibition dose-response curves for ‘R, ' were fitied
with a four parameter logistic equation using GraphPad
Prism, version 3.00 for Windows (GraphPad Software, San
Diego, Calif} to eslimate bronchoprotective [Dg, (dose
required to inhibit the ACh (60 ug/min) bronchocontrictor
response by 50%). The equation used was as follows:

Y=Min+(Max-Min)/{1+10((to8 [D50-X) hillslope,

[1045] where X is the logarithm of dose, Y is the response
(% Inhibition of ACh induced increase in R;). Y starts at
Min and approaches asymptotically to Max with a sigmoidal
shape.

[1046] (b) The quantity PD,, which is defiped as the
amount of Ach or histamine needed 1o cause a doubling of
the baseline pulmonary resistance, was calculated using the
pulmonary resistance values derived from the flow and the
pressure over a range of Ach or histamine challenges using
the following equation (derived from the equation used to
calculate PC,, values in the clinic (see Am. Thoracic Soc,
2000):
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(log 2 = log C1){2Rp - Ry)
R R

PD- = antilog|log Cy +
[1047] where:

[1048] C,=concentration of Ach or histamine preced-
ing C,

[1049] C,=concentration of Ach or histamine result-

ing in at least a 2-fold increase in pulmonary resis-
tance (R;)

[1050]
[1051] R!aR, value after C,
[1052] R,=R, value after C,

Ro=Baseline R, value

[1053] Statistical analysis of the data was performed using
a two tailed-Students t-test. A P-value <0.05 was considered
significant.

[1054) Exemplified compounds of this invention that were
tested in this assay typically produced a dose-dependent
bronchoprotective effect against MCh-induced bronchocon-
striction and His-induced bronchoconstriction. Generally,
test compounds having a potency (IDs, at 1.5 h post-dose)
of less than about 300 ug/mL for ACh-induced bronchoc-
onstriction and less than about 300 pg/mL for His-induced
bronchoconstriction in this assay are generally preferred.
For example, the compounds of Examples 3 and 6 were
found 1o have an IDs, less than about 100 ug/ml. for
ACh-induced bronchoconsiriction and an iDg, less than
about 100 pg/mL for His-induced bronchoconstriction at 1.5
hours post-dose.

[1055] Additionaily, test compounds having a duration
(PD T,,;) of brochoprotective activity of al least about 24
hours in this assay are generally preferred. By way of
example, the compounds of Examples 3 and 6 were found to
have a PD T,,, of at least about 24 hours posi-dose.

[1056] Assay Test Procedure G

[1057] Einthoven Model for Measuring Changes in Ven-
tilation 1 Guinea Pigs

[1058] The bronchodilator activity of test compounds was
evaluated In an anesthetized guinea pig model (the
Einthoven model), which uses ventilation pressure as a
surrogate measure of airway resistance. Sce, for example,
Einthoven (1892) Pfugers Arch. 51: 367-445; and Moham-
med et al. (2000) Puim Pharmacol Ther 13(6).287-92. In
this model, muscarinic anlagonist aod B, agonist aclivity
was asscssed by determining the protective effects against
methacholine (MCh) and histamine (His)-induced bron-
choconstriction.

[1059] This assay was conducted using Duncan-Hartley
guinea pigs (Harlan, Indianapolis, Ind.), weighing between
300 and 400 g.

[10607 The test compound or vehicle (i.c., sterile water)
was dosed by inhalation (1H) over a 10 minute time period
in a whole body exposure dosing chamber (R+S Molds, San
Carlos, Calif.) using 5 mL of dosing solution. Animals were
exposed 10 an aerosol, which was generated from an L.C Star
Nebulizer Set (Model 22F51, PARI Respiratory Equipment,
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Inc. Midlothian, Va.) driven by Bioblend a mixture of gasses
(5% CO,; 21% O; and 74% N,) at a pressure of 22 psi.
Pulmonary function was evaluated at various time-points
after inhalation dosing.

[1061] Forty five minutes prior to the start of pulmonary
function evaluation, the guinea pigs were anesthetized with
an Intramuscular (IM) injection of a mixture of ketamine
(13.7 mg/kg/xylazine (3.5 mgkg)/acepromazine (1.05
mg/kg). A supplemental dose of this mixture (50% of initial
dose) was administered as needed. The jugular vein and
carotid artery were 1solated and canoulated with saline-filled
polyethylene catheters (micro-renathane and PE-30, respec-
tively, Beckton Dickinson, Sparks, Md.). The carotid artery
was connected o a pressure transducer to allow the mea-
surement of blood pressure and the jugular vein cannula was
used for IV injection of either MCh or His. The trachea was
then dissected free and cannulated with 2 14G needle
(#NE-014, Small Parts, Miami Lakes, Fla.}. Once the can-
nulations were complete, the guinea pigs were ventilated
using a respirator (Model 683, Harvard Apparaws, Inc.,
MA) set at a stroke volume of 1 mL/100 g body weight but
not exceeding 2.5 mL volume, and at a rate of 100 strokes
per minute. Ventilation pressure (VP) was measured in the
tracheal cannula using a Biopac transducer that was con-
nected to a Biopac (TSD 137C) pre-amplifier. Body tem-
perature was maintained at 37° C. using a heating pad. Prior
to nitiating data collection, pentobarbital (25 mg/kg) was
administered intraperitoneally (IP) to suppress spontaneous
breathing and obtain a stable baseline. The changes in VP
were recorded on a Biopac Windows data collection inter-
face. Baseline values were collected for at least 5 minutes,
after which time guinea pigs were challenged IV non-
cumulatively with 2-fold incremental doses of the bronchoc-
onstrictor {MCh or His). When MCh was used as the
bronchoconstrictor agent, animals were pre-treated with
propranolol (5 mg/kg, 1V) 1o isolate the antimuscarinic
effects of the test compound. Changes in VP were recorded
using the Acknowledge Dala Collection Software (Santa
Barbara, Calif.). After the completion of study, the animals
were euthanized.

[1062] Change in VP was measured in cm of waler.
Change in VP (cm H,O)=peak pressure (after bronchocon-
strictor challenge)-peak baseline pressure. The dose-re-
sponse curve to MCh or His was fitted to a four parameter
logistic equation using GraphPad Prism, version 3.00 for
Windows (GraphPad Software, San Diego, Calif.) The equa-
tion used was as follows:
Y=Min+(Max-Min)/(1+10(08 IDS0-X)"Hillslope))

[1063] where X is the logarithm of dose, Y is the response.
Y starts at Min and approaches asymptotically 1o Max with
a sigmoidal shape.

[1064] The percent inhibition of the brorchoconstrictor
response 1o a submaximal dose of MCh or His was calcu-
lated at each dose of the test compound using the following
equation: % Inhibition of response=100—({peak pressure
(after bronchoconstrictor challenge, treated)-peak baseline
pressure (treated)*100%/(peak pressure (after bronchocon-
strictor challenge, water)-peak baseline pressure (water)).
Inhibition curves were fitted using the four parameter logis-
tic equation from GraphPad software. 1D, (dose required to
produce 50% inhibition of the bronchoconstrictor response)
and Emax (maximal inhibition) were also estimated wher-
ever appropriate.
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[1065] The magnitude of bronchoprotection at different
lime-points after inhalation of the test compound was used
1o estimate the pharmacodynamic half-life (PD T,.). PD
T, was determined sing a non-linear regression fit using a
one-phase exponential decay equation (GraphPad Prism,
Version 4.00): Y=Span*exp(-K*X)+Plateau; Starts at
Span+Plateau and decays to Plateau with a rate constant K.
The PD T, ,=0.69/K. Plaleau was constrained o 0.

[1066] Exemplified compounds of this invention that were
tested in this assay typically produced a dose-dependent
bronchoprotective effect against MCh-induced bronchocon-
striction and His-induced bronchoconsiriction. Generally,
test compounds having an Dy, less than about 300 yg/mL
for MCh-induced bronchoconstriction and an D, less than
about 300 ug/mL for His-mduced bronchoconstriction at 1.5
hours post-dose in this assay are preferred. Additionally, test
compounds having a duration (PD T, ,,) of brochoprotective
activity of at least about 24 hours in this assay are generally
preferred.

[1067] Assay Test Procedure H
[1068] Inhalation Guinea Pig Salivation Assay

[1069] Guinea pigs (Charles River, Wilmington, Mass.)
weighing 200-350 g were acclimated to the in-house guinea
pig colony for at least 3 days following arrival. Test com-
pound or vehicle were dosed via inhalation (IH} over a 10
minute time period in a pie shaped dosing chamber (R+S
Molds, San Carlos, Calif.). Test solutions were dissolved in
sterile water and delivered using a nebulizer filled with 5.0
mL of dosing solution. Guinea pigs were restrained in the
inbalation chamber for 30 minutes. During this time, guinea
pigs were restricted (o an area of approximately 110 sq. cm.
This space was adequate for the animals to trn freely,
reposition themselves, and allow for grooming. Following
20 minutes of acclimation, guinea pigs were exposed 10 an
acrosol generated from a LS Star Nebulizer Set (Model
22F51, PARI Respiratory Equipment, Inc. Midlothian, Va))
driven by house air at a pressure of 22 psi. Upon completion
of nebulization, guinea pigs were evaluated at 1.5, 6, 12, 24,
48, or 72 hrs after treatment.

[1070] Guinea pigs were anesthetized one hour before
testing with an intramuscular (IM) iojection of a mixture of
ketamine 43.75 mg/kg, xylazine 3.5 mg/ke, and acepro-
mazine 1.05 mg/kg at an 0.88 mL/kg volume. Animals were
placed ventral side up on a heated (37° C.) blanket at a 20
degree incline with their head in a dowoward slope. A 4-ply
2x2 inch gauze pad (Nu-Gauze General-use sponges,
Johnson and Johnson, Arlington, Tex.) was inserted in the
guinea pig’s mouth. Five minutes later, the muscarinic
agonist pilocarpine (3.0 mg/kg, s.c.) was administered and
the gauze pad was immediately discarded and replaced by a
new pre-weighed gauze pad. Saliva was collected for 10
minutes, at which point the gauze pad was weighed and the
difference in weight recorded to determine the amouant of
accumulated saliva (in mg). The mean amount of saliva
collected for animals receiving the vehicle and each dose of
test compound was calculated. The vehicle group mean was
considered to be 100% salivation. Results were calculated
using result means (n=3 or greater). Confidence intervals
(95%) were calculated for each dose at each time point using
two-way ANOVA. This model is a modified version of the
procedure described in Rechter, “Estimation of anticholin-
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ergic drug effects in mice by antagonism against pilo-
carpine-induced salivationAta Pharmaco! Toxicol, 1996,
24:243-254.

[1071] The mean weight of saliva in vehicle-treated ani-
mals, at each pre-treatment time, was calculated and used 1o
compute % inhibition of salivation, at the corresponding
pre-treatment time, at each dose. The inhibition dose-re-
sponse data were fitted to a a four parameter logistic
equation using GraphPad Prism, version 3.00 for Windows
(GraphPad Software, San Diego, Calif.) to estimate anti-
sialagogue IDs, (dose required to inhibit 50% of pilo-
carpine-evoked salivation). The equation used was as fol-
lows:

P Min+(Max- Min)/(1 +101008 1050-2) Gtsiope

[1072] where X is the logarithm of dose, Y is the response
(% inhibition of salivation). Y starts at Min and approaches
asymptotically to Max with a sigmoidal shape.

[1073] The ratio of the anti-sialagogue ID, to bronchop-
rotective [Ds, was used to compute the apparent lung-
selectivity index of the test compound. Geunerally, com-
pounds having an apparent lung-selectivity index greater
than about 5 are preferred. In this assay, the compound of
Example 3 had an apparent lung-selectivity index greater
than 5.

[1074] While the present invention has been described
with reference to specific aspects or embodiments thereof, it
will be understood by those of ordinary skilled in the art that
various changes can be made or equivalents can be substi-
tuted without departing from the true spirit and scope of the
invention. Additionally, to the extent permitted by applicable
patent statues and regulations, all publications, patents and
patent applications cited herein are hereby incorporated by
reference in their entirely lo the same extent as if each
document had been individually incorporated by reference
herein.

Whal is claimed is:
1. A compound of fermula I:

(R‘),——:- (R?):
i, _/\ ﬁ ! oH
Ry | \A/ \/N\R‘/N
RS
R"" OH
Rﬁ
wherein:

a 1s 0 or an integer of from 1 to 3;

each R' is independently selected from (1-4Clalkyl,
(2-4C)alkenyl, (2-4Q)alkynyl, (3-6C)cycloalkyl,
cyamo, halo, —OR™, —C(O)OR™, —SRI*,
—S(0)R™, S(0),R* and —NR*R'S;

each of R™, R'™, R'®, R, R**, R' and R'# is indepen-
dently hydrogen, (1-4C)alkyl or phenyl-(1-4C)alkyl;
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b is 0 or an integer of from 1 to 3;

each R? is independently selected from (t-4C)alkyl,
(2-4C)alkenyl, (2-4C)alkynyl, (3-6C)cycloalkyl,
cyano, halo, —OR®, —C(Q)OR®, —SR*,
—S(0)R*, —8(0),R* and —NR*'R?S;

each of R®, R®, R, R*®, R*, R*' and R*® is indepen-
dently hydrogen, (1-4C)alkyl or phenyl-(1-4C)alkyl;

W is attached to the 3- or 4-position with respect to the
nitrogen atom in the piperidine ring and represents O or
NW?

W? is hydrogen or (1-4C)alkyl;

c is 0.or an integer of from 1 to 4;

each R® is independently selected from (1-4C)alkyl,
(24C)alkenyl, (2-4C)alkynyl, (3-6C)cycloalkyl,
cyano, halo, —OR*, —C(0)OR™, —SR¥,
—S(0)R*, —S(0),R* and —NR*R?; or two R’
groups are joined to form (1-3C)alkylene, (2-3C)alk-
enylene or oxiran-2,3-diyl;

each of R*, R®, R®, R*, R?*, R3 and R8 is indepen-
dently hvdrogen or (1-4C)alkyl;

‘R is a divalent group of the formula:

R AAY R g (A R )—
wherein

d, e, f, g, h and i are each independently selected from 0
and 1;

R*, R*®, R* and R™ are each independently selected
from  (1-10C)alkylene, (2-10C)alkenylene  and
(2-10C)alkynylene, wherein each alkylene, alkenylene
or alkynylene group is unsubstituted or substituted with
from 1 to 5 substituents independently selected from
(14C)alkyl, fluoro, hydroxy, phenyl and phenyl{1-
4C)alkyl,

A’ and A% are each independently selected from (3-7C)cy-
cloalkylene, (6-10C)arylene, —O-(6-10C)arylene,
(6-10C)arylene-O—, (2-9C)heteroarylene, —O-(2-
9C)heteroarylene,  (2-9C)heteroarylene-O0—  and
(3-6C)heterocyclene, wherein each cycloalkylene is
unsubstituted or substituted with from 1 to 4 substi-
tutents selected independently from (1-4C)alkyl, and
each arylene, heteroarvlene or heterocyclene group is
unsubstituted or substituted with from 1 to 4 substitu-
ents independently selected from halo, (1-4C)alkyl,
{1-4C)alkoxy, —S-(1-4C)alkyl, —S(0)-(1-4C)alkyl,
—S8(0)-(1-4Cjalkyl, —C(0)0(1-4C)alkyl, carboxy,
cyano, hydroxy, nitro, trifluoromethyl and trifluo-
romethoxy;

Q is selected from a bond, —O0—, —C(0)0—,
—0C(0y—, —S8—, —S{O0)—, —5(0),—,
—N(Q4)C(0), —C(ON(Q")-,  —N(Q)S(0),—,
—S(0):N(Q°)-, —N(Q)IC(ONQY,
—N(Q¥S(0),NQ")-, —OCIONQ)-, —NQ-
YC(0)0— and N(Q¥Y;

Q2 Q°, Q°, Q4 Q°, QF, Q% Q" Qi Q' and Q are cach
independently selected from hydrogen, (1-6C)alkyl, A>
and (1-4C)alkylene-A*, wherein the alkyl group is
unsubstituted or substituted with from 1 to 3 substitu-
ents independently selected from fluoro, hydroxy and
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(1-4C)alkoxy; or together with the nitrogen atom and
the group R* or R* to which they are attached, form
a 4-6 membered azacycloalkylene group;

A?and A" are each independently selected from (3-6C)cy-
cloatkyl, (6-10C)aryl, (2-9C)heteroaryl and (3-6C)hel-
erocyclyl, wherein each cycloalkyl is unsubstituted or
substituted with from 1 to 4 substitutents selected
independently from (1-4C)alkyl and each aryl, het-
eroaryl or heterocyclyl group is unsubstituted or sub-
stituted with from 1 to 4 substituents independently
selected from halo, (1-4C)aky! and (1-4C)alkoxy;

provided that the number of contiguous atoms in the
shortest chain between the two nitrogen atoms to which
R* is attached is in the range of from 4 1o 16;

R® represenis hydrogen or (1-4C)alkyl;

R® is —NRSCR®(Q) or —CR*CR*0OR® and R is
hydrogen; or R® and R” together form —NR™*C(0)—
CR™=CR’*—, —CR"™®=CR7™—C(Q)—NR"*—,
—NR8C(0)—CR™R™—CR7R™— or —CR"R™—
CR™R™—C(0)—NR™P—;

each of R®™, R®™, R%*, R* and R is independently
hydrogen or (1-4C)alkyl; and

each of R7, R™, R, R™, R™, R\, R, R™, R, R},
R™, R”, R"™ R’ R™ and R is independently
hydrogen or (1-4C)alkyl;

or a pharmaceutically acceptable salt or solvate or stere-

oisomer thereof.

2. The compound of claim 1, wherein the number of
contiguous atoms in the shortest chain between the two
nitrogen atoms to which R* is attached is in the range of
from 8 to 14.

3. The compound of claim 2, wherein the number of
contiguous atoms in the shortest chain between the two
nitrogen atoms 1o which R* is attached is 8, 9, 10 or 11.

4. The compound of claim 1, wherein W is attached 1o the
piperidine ring at the 4-position with respect to the nitrogen
atom.

§. The compound of claim 1, wherein a, b, and ¢ are each
0, and W* and R’ are both hydrogen.

6. The compound of claim 1, wherein W represents 0.

7. The compound of claim 1, wherein R® is —NHCHO or
—CH,OH and R” is hydrogen; or R® and R together form
—NHC(0)—CH=CH—, —CH=CH—C(0)}—NH—,
—CH,—CH,—C(O)NH— or —NHC(0)}—CH,—CH,—.

8. The compound of claim 1, wherein R* is a divalent
group of the formula: —(R**),— where R* is (4-10C)alky-
lene.

9. The compound of claim 8, wherein R* is —(CH,)y—,
—(CH.,),, and —(CH,),;—.

10. The compound of claim 1, wherein R* is a divalent
group of the formula:

—(R¥)e (A (R*)—
wherein R™ is (1-10C)alkylene; A? is (6-10C)arylene or
(2-9C)heteroarylene; and R* is (1-10C)alkylene.

11. The compound of claim 1, wherein R* is a divalent
group of the formula:

—{(R*) Q- (A% (R*)—
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wherein Q is —O— or —N(QY)-; Q is hydrogen or
(1-3C)alkyl; R* s (1-10C)alkylene; A? is
(6-10C)arylene or (2-9C)heteroarylene; and R* is
(1-10C)alkylene.
12. The compound of claim 1, wherein Q is
—N(Q*)C(0)— or —C(OIN(Q®)-.
13. The compound of claim 12, wherein R* is selected
from:

= (CHy—C— N—(CHa)

wherein m is an integer from 2 to 10; and n is an integer
from 2 to 10; provided that m+n is an integer from 4 to
12;

0

—(cago—ﬂ—g4@7ccaz)p-—

wherein o is an integer from 2 10 7; and p is an integer
from 1 1o 6; provided that o+p is an integer from 3 to
8; and wherein the phen-1,4-ylene group is optionally
substituted with from 1 to 4 substituents independently
selected from halo, (1-4C)alkyl, (1-4C)alkoxy, —S-(1-
4C)akkyl, —S(0)-(1-4Calkyl, —S(0),«(1-4C)alkyl,
—C(0)O(1-4C)alkyl, carboxy, cyano, hydroxy, nitro,
trifluoromethyl and trifluoromethoxy;

o]
I
——(CHizly—C—N—(CHy); ~(CHy,—

wherein q is an integer from 2 to 6; r is an integer from
1 1o 5; and s is an integer from 1 to 5; provided that
g+r+s is an integer from 4 to 8; and wherein the
phen-1,4-ylene group is optionally substituted with
from 1 to 4 substituents independently selected from
hale, (1-4Calkyl, (1-4C)alkoxy, —S-(1-4C)alkyl,
—S(0)-(1-4C)alkyl, —S(0),-(1-4C)alkyl,
—C(0)0(1-4C)alkyl, carboxy, cyano, hydroxy, nitre,
trifluoromethyl and trifluoromethoxy;

o]

(=N O (CH,

wherein 1 is an integer from 2 to 10; and u is an integer
from 2 to 10; provided that t+u is an integer from 4 to
12;
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i
—(CHi»—g—CO(CHm—

wherein v is an integer from 2 to 7; and w is an integer

from 1 to 6; provided that v+w is an integer from 3 to
8; and wherein the phen-1,4-ylene group is optionally
substituted with from 1 to 4 substituents independently
selected from halo, (1-4C)alkyl, (1-4C)alkoxy, —S-(1-
4C)alkyl, —S(0)-(1-4C)alkyl, —S(0),-(1-4C)alkyl,
—C{0)3(1-4C)alkyl, carboxy, cyano, hydroxy, nitro,
trifluoromethyl and trifluoromethoxy; and

from 1 1o 5 substituents independently selected from
(1-4C)alkyl, fivore, hydroxy, phenyl and phenyl-(1-
4C)alkyl;

A’ and A? are each independently selected from (3-7C)cy-
cloalkylene, (6-10C)arylene, —O-(6-10C)arylene,
(6-10C)arylene-0-—, (2-9C)heteroarylene, —O-(2-
9C)heteroarylene,  (2-9C)heteroarylene-O—  and
(3-6C)heterocyclene, wherein each cycloalkylene is
unsubstituted or substituted with from 1 to 4 substi-
tutents selected independently from (1-4C)alkyl, and
each arylene, heteroarylene or heterocyclene group is
unsubstituted or substituted with from 1 to 4 subsltitu-
ents independently selected from halo, (1-4C)alkyl,
(1-4C)alkoxy, —S-(1-4C)alkyl, —S(0)-(1-4C)alkyl,
—S(0),-(1-4C)alkyl, —C(0)O(1-4C)atkyl, caiboxy,

cyano, hydroxy, nitro, trifluoromethy! and trifluo-

o] romethoxy;
—(CH;),-—N—!—(CHZ)). {CH),— Q is selected from a bond, —0—, —C(0)O—,
H —0C(0)—, —S— —S80)—, —S(0)—,
—N(Q)C(0)— —C(O)N(Q")-, —N(Q)S(0).—,
—S(0).N(Q%), —N(Q)C(ONQY)-,

wherein x is an integer from 2 to 6; y is an integer from b i
110 5; and z is an integer from 1 to 5; provided that )EFCE;)OE)—S(SJEN_(_QNgak)- —OC(ON@Q)-, —N(@-
x+y+z is an integer from 4 1o §; and wherein the ’ o
phen-1,4-ylenc group is optionally substituted with Q" Q% Q5 Q4 Q5 QY Q5 Q% Q) @ and Q* are each
from 1 to 4 substituents independently selected from independently selected from hydrogen, (1-6C)alkyl, A>
halo, (1-4C)alkyl, (1-4C)alkoxy, —S-(1-4C)alkyl, and {1-4C)alkylene-A®, wherein the alkyl group is
—S(0)-(1-4C)alkyl, —5(0),-(1-4Clalky}, unsubstituted or substituted with from 1 to 3 substitu-
—C({0)0(1-4C)alkyl, carboxy, cyano, hydroxy, nitro, ents independently selected from fluoro, hydroxy and
irifluoromethyl and trifluoromethoxy. (1-4C)alkoxy; or together with the nitrogen atom and

14. A compound of formula II: the group R*™ or R*“ to which they are attached, form

a 4-6 membered azacycloalkylene group;

A®and A* are each independently selected from (3-6C)cy-
O cloalkyl, (6-10C)aryl, {2-9C)heteroaryl and (3-6C)het-

erocyclyl, wherein each cycloalkyl is unsubstituted or
H
N W,
O \“/ @ L
o} . N\ W

independently from (1-4C)alkyl and each aryl, hel-
eroaryl or heterocyclyl group is unsubstituted or sub-
stituted with from 1 to 4 substituents independently
selected from halo, (1-4C)alkyl and (1-4C)alkoxy;

provided that the number of contiguous atoms in the
shortest chain between the two nitrogen atoms to which

Zo

substituted with from 1 to 4 substitutents selected
R

CH R* is attached is in the range of from 4 10 14;
NH or a pharmaceutically acceptable salt or solvate or stere-
oisomer thereof.
o 15. A compound of formula IIT:

wherein mm
W re presents O or NW*;
W* is hydrogen or (1-4C)alkyl;
R* is a divalent group of the formula: i

W,
—(R*) (A R®Y-Q (R'),- (A% (R*) — ‘ \[r . OH
wherein 0 N\R‘,N

d, e, [, g, h and i are each independently sclected from 0

and 1; OH
R*, R*®, R*™ and R** are each independently selected H NH

from (1-10C)alkylene, (2-10C)alkenylene and T

(2-10C)alkynylene, wherein each alkylene, alkenylene o}

or alkynylene group is unsubstituted or substituted with
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wherein

W represents O or NW?;

W is hydrogen or (1-4C)alkyt;

R? is a divalent group of the formula:
—RAA) R QR (AT R ¥ —

wherein

d,e, £, g, hand i are each independently sclected from 0
and I;

R**, R*, R* and R are each independently selected from
(1-10C)alkylene, (2-10C)alkenylene and (2-10C)alky-
nylene, wherein each alkylene, alkenylene or alky-
nylene group is unsubstituted or substituted with from
1 to 5 substituents independenly selected from
(1-4C)alkyl, flucro, hydroxy, phenyl and phenyl-(1-
4C)alkyl;

A’ and A? are each independently selected from (3-7C)cy-
cloalkylene, (6-10C)arylene, —O~6-10C)arylene,
(6-10C)arylene-O—, (2-9C)heteroarylene, —O-(2-
9C)heteroarylene,  (2-9C)heteroarylene-O—  and
(3-6C)heterocyclene, wherein cach cycloalkylene is
unsubstituled or substituted with from 1 to 4 substi-
tutenis selected independently from (1-4C)alkyl, and
each arylene, heteroarylene or heterocyclene group is
unsubstituted or substituted with from 1 to 4 substitu-
ents independently selected from hale, (1-4C)alkyl,
(1-4C)alkoxy, —S-(1-4C)alkyl, —S(0){1-4Calkyl,
—S(0),-(1-4C)alkyl, —C(0)O(1-4C)alky}, carboxy,
cyano, hydroxy, nitro, trifluoromethyl and trifluo-
romethoxy;

Q is sclected from a bond, —0—, —((0)O—,
—0C(0)y—, ~—S— —S0)— —SO)—,
~NQMC(0)—, —CON(Q"), —N(Q)S(0),—,
—S(0).N(Q%)-, —N(Q*)C(OIN(Q):-,
—N(Q¥)S(0):N(Q")-, —OC(OIN(Q)-, —N(@Q"
YC(0)O— and —N(Q¥);

Q7 Q% Q5 Q% Q°, QF, Q5 Q" @, Q' and Q are each
independently selected from hydrogen, (1-6C)alkyl, A
and (1-4C)alkylene-A*, wherein the alkyl group is
unsubstituted or substituted with from 1 to 3 substitu-
ents independently selected from fluoro, hydroxy and
(1-4Calkoxy; or together with the nitrogen atom and
the group R™ or R* 10 which 1bey are atiached, form
a2 4-6 membered azacycloalkylene group;

A® and A™ are each independently selected from (3-6C)cy-
cloalkyl, (6-10C)aryl, (2-9C)heteroary! and (3-6C)hei-
erocyclyl, wherein each cycloalkyl is unsubshituted or
substituted with from 1 to 4 substitutents selected
independently from (1-4C)alkyl and each aryl, bet-
eroaryl or heterocyclyl group is unsubstituted or sub-
stituted with from 1 lo 4 substituents independently
selected from halo, (1-4C)alkyl and (1-4C)alkoxy;

provided that the number of contiguous atoms in the
shortest chain between the two nitrogen atoms to which
R* is attached is in the range of from 4 to 14;

or a pharmaceutically accepiable salt or solvate or stere-
oisomer thereof.
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16. A compound of formula I'V:

H
N W.
T 8
H
o) N\R‘/N

CH
OH

wherein

W represents O or NW™,

W is hydrogen or (1-4C)alkyl;

R* is a divalent group of the formula:

—(R (A R)eQ-RY ) (AT (R*)—
wherein

d, e, f, g, h and i are each independently sclected from 0
and 1;

R*, R*®, R* and R* are each independently selected
from (1-10C)alkylene, (2-10C)alkenylene  and
{2-10C)alkyaylene, wherein each alkylene, alkenylene
or alkynylene group is unsubstituled or substituted with
from 1 to 5 substituents independently selected from
(1-4C)alkyl, fluoro, hydroxy, phenyl and phenyl{1-
4C)alkyl;

A" and A* are each independently selected from (3-7C)cy-
cloalkylene, (6-10C)arylene, —0-(6-10C)arylene,
(6-10C)arylene-0—, (2-9C)heteroarylene, —O-(2-
9C)heteroarylene,  (2-9C)heteroarylene-O—  and
(3-60)heterocyclene, wherein each cycloalkylene is
unsubstiteted or substituted with from 1 to 4 substi-
tutents selected independently from (1-4C)alkyl, and
each arylene, heteroarylene or heterocyclene group is
unsubstituted or substituted with from 1 to 4 substitu-
enls independently selected from halo, (1-4Calkyl,
(1-4Q)alkoxy, —S-(1-4C)alkyl, —S(0)-(1-4C)alkyl,
—8(0),-(1-4Chalkyl, —C(OYO(1-4C)alkyl, carboxy,
cyano, hydroxy, nitro, irifluorometbyl and tifluo-
romethoxy;

Q is selected from a bond, —O—, —C(0)0—,
—0C(0)—, —8—, —=SO)—  —5{0),—,
—N(Q")C(0)—, —C(ON(Q")-, —N(Q%)S(0).—,
—S(0),N(Q°), —N(O)C(ONQ)-,
—N(Q9)S(O)LNQ")-, —OCON(Q)-, —N(Q"
YC(0)0— and —N(QX);

Q4 Q% Q5 0% Q5 QY Q5 Q, Q) @ and Q are cach
independently selected from hydrogen, (1-6C)alkyl, A®
and (1-4C)alkylene-A*, wherein the alkyl group is
unsubstituted or substituted with from 1 to 3 substitu-
ents independently selected from fluoro, hydroxy and
(1-4C)alkoxy; or together with the nitrogen atom and
the group R™ or R* (o which they are attached, form
a 4-6 membered azacycloalkylene group;
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A? and A" are each independently selected from (3-6C)cy-
cloalkyl, (6-10C)aryl, (2-9C)heteroaryl and (3-6C)het-
erocyclyl, wherein each cycloalkyl is unsubstituted or
substituted with from 1 to 4 substitutents sclected
mdependently from (1-4C)alkyl and each aryl, het-
eroaryl or heterocyclyl group 1s unsubstituted or sub-
stituted with from 1 to 4 substituents independently
selected from halo, (1-4Chalkyl and (1-4C)alkoxy;

provided that the number of contiguous atoms in the
shortest chain between the two nitrogen atoms to which
R? is attached is in the range of from 4 to 14;

or a pharmaceutically acceptable salt or solvate or stere-

oisomer thereof.

17. The compound of any one of claims 14, 15 or 16,
wherein the number of contiguous atoms in the shortest
chain between the two nitrogen atoms to which R* is
attached is in the range of from 8 10 14.

18. The compound of any one of claims 14, 15 or 16,
wherein the number of contiguous atoms in the shortest
chain between the two nitrogen atoms to which R* is
attached is 8, 9, 10 or 11.

19. The compound of any one of claims 14, 15 or 16,
wherein W represents O.

20. The compound of any one of claims 14, 15 or 16,
wherein R* is a divalent group of the formula: —(R*),-13
where R** is (4-10C)alkylene.

21. The compound of claim 20, wherein R* is
—(CH,);—, —(CH,),, and —(CH,),,—.

22. The compound of any one of claims 14, 15 or 16,
wherein R* is a divalent group of the formula:

—(R¥) (A (R )
wherein R** is (1-10C)alkylene; A2 is (6-10C)arylene or
(2-9C)hetercarylene; and R* is (1-10C)alkylene.
23. The compound of any one of claims 14, 15 or 18,
wherein R* is a divalent group of the formula:

—(R¥)rO-(ADh-(R*)—
wherein Q is —O0— or —N(Q")-; Q* is hydrogen or
{1-30)alkyl; R*™ is (1-10C)alkylene, A® is
(6-10C)arylene or (2-9C)heteroarylene; and R* is
(1-10Caikylene.
24. The compound of any one of claims 14, 15 or 16,
wherein Q 1s —N(Q*)C(0)— or —C(O)N(Q®)-.
25. The compound of claim 24 wherein R* is selected
from:

(e]

— (CH— C—N—(CH)—

wherein m is an integer from 2 to 10; and n is an integer
from 2 to 10; provided that m+n is an integer from 4 to
12,

o}

—(cugo—g—g—@—(cm —
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wherein o is an integer from 2 to 7; and p is an integer
from 1 to 6; provided that o+p is an integer from 3 to
8; and wherein the phen-1,4-ylene group is optionally
substituted with from 1 to 4 substituents independently
selected from halo, (1-4C)alkyl, (1-4C)alkoxy, —S-(1-
4QC)alkyl, —S(0)(1-4C)alkyl, —S(0),-(1-4C)alkyl,
—C(0)0O(1-4C)alkyl, carboxy, cyano, hydroxy, nitro,
triflueromethy! and trifluoromethoxy;

0

_(CHQ)q_E_E— (CHDO(CHﬂr

wherein q is an integer from 2 to 6; r is an integer from
110 5; and s is an integer from 1 to 5; provided that
g+r+s is ao integer from 4 to 8; and wherein the
phen-1,4-ylene group is optionally substituted with
from 1 to 4 substituents independently selected from
halo, (1-4Clalkyl, (1-4C)alkoxy, —S-(1-4Calkyl,
—S(0)-(14C)alkyl, —S(0),-(1-4Cualkyl,
—C(0)O(1-4C)alkyl, carboxy, cyano, hydroxy, nitro,
wrifluoromethyl and trifluoromethoxy;

o}

—(CHy— E—C'”(Cﬂz)u_

wherein t is an integer from 2 to 10; and u is an integer
from 2 to 10; provided that t+u is an integer from 4 to
12;

o]
|-
—(cnz)v—ﬁ—c (CHy—

wherein v is an integer from 2 to 7; and w is an integer
from 1 to 6; provided that v+w is an integer from 3 1o
8; and wherein the phen-1,4-ylene group is optionally
substituted with from 1 to 4 substituents independently
selected from halo, (1-4C)alkyl, (1-4C)alkoxy, —S-(1-
4Q)alkyl, —S(0)-(1-4C)alkyl, —S(0),-(1-4C)alkyl,
—C(0)0(1-4C)alkyl, carboxy, cyano, hydroxy, nitro,
triflucromethyl and trifluoromethoxy; and

i
_(cﬂﬂ,—ﬁ—c—(CHz),O—(CHz)z__

wherein x is an integer from 2 to 6; y is an integer from
110 5; and z is an integer from 1 to 5; provided that
x+y+z is an integer from 4 to 8; and wherein the
phen-1,4-ylene group is optionally subslituted with
from 1 to 4 substituents independently selected from
halo, (i-4Clalkyl, (1-4C)alkoxy, —S-{1-4C)alkyl,
—S(0)-(1-4C)alkyl, ~—5(0),-(1-4C)alkyl,
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—C(0)O(1-4C)alkyl, carboxy, cyano, hydroxy, nitro,
trifluoromethy! and trifluoromethoxy.
26. The compound of any one of claims 14, 15 or 16,
wherein R* is selected from:

—(CH,)—;

—{(CH )g—;

—(CH)—;

—(CHz)10—;

—(CH2),,—;

_(CH:):C(O)NH(CHz)s‘;
—(CH_),N(CH,)C(CXCHo)s—;
—(CH,),C(0)NH(phen-1,4-ylene)CH,—;
—(CH,),NHC(O)(phen-1,4-ylene)CH,—;
—(CH,).NHC(O)NH(CH,,)s—;
—(CH,)};NHC(O)NH(CH,);—;
—(CH,),C(O)NHCH,(cyclohex-1,3-ylene)CH,—;
—(CH,),NHC(O)(cis-cyclopent-1,3-viene)-;
—(CH,),NHC(O)NH(phen-1,4-ylene } CH.,),—;
1-[-(CH,),C(0)](piperidin-4-y1)(CH,),—;
—(CH,),NHC(O){trans-cyclohex-1,4-ylene) CH,—;
—(CH,),NHC(O)(cis-cyclopent-1,3-vlene)-;
—(CH.).NH(phen-1,4-ylene{CH,}.—;
1-{-(CH,),NHC(O)}(piperidin-4-yl)(CH,),—;
—CH,(phen-1,4-ylenc)NH(phen-1,4-ylene)CH ~—;
—(CH,),C(0)NHCH(phen-1,3-ylene)CH,—;
—{CH,),C(O)NHCH (pyrid-2,6-ylene)CH,—;
—(CH..).C(O)NH(cis-cyclohex-1,4-ylene)CH,—;
—CH,),C(O)NH(trans-cyclohex-1,4-ylene)CH,—;
—(CH,),NHC(O)(cis-cyclopent-1,3-ylene)CH,—;
—{CH.).N(CH;)C(O)}phen-1,3-ylene)CH,—;
—(CH,).N(CH;)C(O)(trans-cyclohex-1,4-ylene)CH,—;
—{(CH.,),C(O)NH(phen-1,4-ylene)CH,—;
—(CH,).C(O)NH(phen-1,4-ylenc)C*H(CH,}—((S)-iso-

mer);

—(CH,).C(O)NH(phen-1,4-ylene)C*H(CH,)}—((R)-iso-
mer);

2{(8)(—CH,—)(pyrrolidin-1-y) C{OX}CH,) ,—;

2-[(S){—CH,—](pyrrolidin-1-y)C(O)(phen-1,4-yle-
ne)CH,—;

~—(CH.,).C(O)NH(4-chlorophen-1,3-ylene)CH,—;
—CH,(2-flucrophen-1,3-ylene)CH,—;
-—(CH_),C(O)NH(4-methylphen-1,3-ylene)CH,—;
—(CH.,,),C(O)NH(6-chlorophen-1,3-ylene)CH,—;
—(CH,),C{O)NH(2~chlorophen-1,4-ylene) CH,—;
—(CH,).C(O)NH(2,6-dichlorophen-1,4-ylene)CH,—;
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—{CH,),NHC(O)NHCH,(phen-1,3-vlene)CH,—;
4-[-CH,—)(piperidin-1-yi)C(O)(phen-1,4-ylene) CH.—;
—{(CH,),C(O)N(CH,CH,)(phen-1,4-ylene)CH,—;
1-[-(CH,),NHC(O)](piperidin-4-yI)-;
—(CH,),C(O)NH(phen-1,4-yiene)( CH,),—;
—{(CH,),NHC(O)(thien-2,5-ylene)CH,—;
—(CH,),N(CH,;)C(O)(3-nitrophen-1,4-ylene)CH,—;
—(CH,),N(CH,)C(O)(trans-cyclohex-1 4-ylene)-;
1-{-CH,(2-fluorophen-1,3-ylene)CH, ](piperidin-4-yl)-;
5{{CH,),NHC(O)](pyrid-2-y))CH,—;
—(CH,),(phen-1,4-ylene)(CH,),—;
—(CH,,)5(thien-2,5-ytene X CH,);—;
—(CH,),(phen-1,4-vlene)NH(phen-1,4-ylene)(CH,).—;
—CH,(phen-1,2-ylene)NH(phen-1,4-ylene)}( CH,),—;

1-[-CH,(2-fluorophen-1,3-ylene)CH, |(piperidin-4-
YINCHy),—;

1-[-CH,(2-fluorophen-1,3-ylene)CH,](piperidin-4-
yHCH,—;

—(CH,),C(O)NH(3-chlorophen-1,4-ylene)CH,—;
—{(CH,),C(O)NH(2-(CF,0—)phen-1,4-ylene) CH.—;
—(CH,);(phen-1,3-ylene)NH(phen-1,4-vlene)(CH, ),—;
—(CH,),S(0);NH(CH,)—;
—CH,(phen-1,3-ylene)NH(phen-1,4-ylene)(CH,) ,—;
—(CH,),C(O)NH(2-iodophen-1,4-ylene)CH,—;

—(CH,),C(O)NH(2-chloro-5-methoxyphen-1,4-yle-
ne)CH,—;

—(CH,),C(O)NH(2-chloro-6-methylphen-1,4-yle-
ne)CH,—;

—(CH,),C(C)NH(CH)s—;
—(CH,),N(CH,)S(0),(phen-1,4-ylene)CH,—;
—(CH,),C(Q)NH(2-bromophen-1,4-ylene)CH,—;
—{(CH,);(phen-14-vlene)NH(phen-1,4-yleneCH,),—;
—(CH,),(phen-1,2-ylene)NH(phen-1,4-ylene}(CH,),—;
1-[-CH,(2-flucrophen-1,3-ylene)CH, |(piperidin-4-
yINCHo):—;
—(CH,),C(O)NH(2-methoxyphen-1,4-ylene)CH,—;
—(CH,);NH(phen-1,4-ylene)(CH,),—;
4-[(CH,),-I(piperidin-1-yl)phen-1,4-ylene){CH,).—;
—{CH.,),C(O)NH(phen-1,4-ylene)CH(CH,)CH,—;

—{CH,),(trans-cyclohex-1,4-ylene)NH(phen-1,4-yle-
ne}(CH,)—;

—(CH,),C(O)NH(2-fluorophen-1,4-ylene)CH,—;
—{(CH,),(phen-1,3-ylene)NH(phen-1,4-vlene)(CH,),—;
—(CH,,),C(O)NH(2,5-difluorophen-1,4-ylene) CH,—;
—(CH,),NHC(O)(phen-1,4-ylene )} CH,),—;

472
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1{-CH,(pyrid-2,6-ylene)CH, )(piperidin-4-y1)CH,—;
—(CH,,),NH(phen-1,4-ylene)(CH,),—;
—(CH,),NH(naphth-1,4-ylene}( CH,),~;
—(CH,);0(phen-1,4-ylene)CH,—;

I{-(CH,); Kpiperidin-4-y)CH,—;
4[-(CH,),Xpiperidin-1-yl)C(O)(phen-1,4-ylene)CH,—;
—(CH,)5(phen-1,4-ylene)NHC(O)YCH,),—;
—{(CH.,),0(phen-1,4-ylene)}(CH_),—;
2-[-(CH,),J(benzimidazol-5-yl)CH,—;
—(CH,,),-(trans-cyclohex-1,4-ylene)NHC(O)(CH,,),—;
—(CH,),-(transcyclohex-1,4-ylene)NHC(O) CH,),—;
—(CH,),-(trans<cyclohex-1,4-ylene)NHC(O)(CH,),—;
4-[-(CH,), Y(piperidin-1-y) C(OXCH;),—;
—(CH,),NHC(O)NH(phen-1,4-ylene)CH,—;
—(CH,),N(CH,)}(CH,).(cis-cyclohex-1,4-ylene)-;

—-(CH,),C(O)NH(2,3,5,6-tetrafluorophen-1,4-yle-
ne)CH,—;

—{(CH,),C(O)NH(2,6-diiodophen-1,4-ylene) CH,—;
4-(-(CH,), )(piperidin-1-y}C(O)CH,),—;
4-[-(CH,), J(piperidin-1-y)C(O)(CH,),—;
4-[-(CH,), J(piperidin-1-yDC(ONCH,)s—;
—(CH.,).C(O)NHCH.(phen-1,4-ylene)CH,—;
—{CH,),NHC(O)NHCH,(phen-1,4-ylene)CH,—;
—{CH,),C{(O)NH(2-methylphen-1,4-ylene }CH,—;

1-{-(CH.);O(phen-1,4-ylene}(CH,), (piperidin-4-
y)CH,—;

—(CH.),C(0)NHCH,(phen-1,3-ylene)(CH,),—;
—(CH,),O(phen-1,3-ylene) CH,—;
—(CH,),N(CH,)C(0)CH,0(phen-1,4-ylene)CH,—;
—{(CH,),N(CH,)C(O)CH,O(phen-1,3-ylene)CH,—;
—(CH,),N(CH,)C(O)fur-2,5-ylene)CH,—;
—(CH,),N(CH,)C(O)thien-2,5-ylene)CH,—;
—(CH,),0(phen-1,4-ylene)O(CH,) ,—;

—{(CH,),(trans-cyclohex-1,4-ylene)NHC(O)(phen-1,4-
ylene)CH,—;

—(CH.)(trans-cyclohex-1,4-
ylene)NHC(0)CH,O(phen-1,2-ylene) CH,—;

—{(CH,),(trans-cyclohex-1,4-
ylene)NHC(O)CH,O(phen-1,3-ylene)CH,—;

—(CH,),(trans-cyclohex-1,4-
ylene)NHC(O)YCH,O(phen-1,4-ylene)CH,—;

—{(CH,),(trans-cyclohex-1,4-ylene)NHC(O){fus-2,5-yle-

ne)CH,—;

—(CH,),(trans-cyclohex-1,4-ylene)NHC(O)(thien-2,5-
ylene)CH,—;
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4-[{CH,),](piperidin-1-y)C(Q)YCH,O(phen-1,2-yle-

ne)CH,—;

4.[-(CH,),](piperidin-1-y)C(Q)YCH,O(phen-1,3-yle-
ne)CH,—;

4-[-(CH,),)(piperidin-1-yl)C(O)CH,O(phen-1,4-yle-
ne)CH,—;

4-[{CH,),(piperidin-1-yl) C(O)(fur-2,5-ylene)CH,—;-
4-[-(CH,),|(piperidin-1-y)C(O)(thien-2,5-ylene)CH.,—;

—{(CH,).(phen-1,4-ylene)NHC(O)}phen-1,3-yle-
ne)CH,—;

—(CH,),(phen-1,4-ylene)NHC(O) phen-1,4-yle-
ne)CH;——;

—(CH,),(phen-1,4-ylene)NHC(O)CH,O(phen-1,2-yle-
ne)CH,—;

—(CH,),(phen-1,4-ylene)NHC(O)CH,O(phen-1,3-vle-
ne)CH,—;

—{CH,),(pten-1,4-ylene)NHC(O)YCH,O{phen-1,4-yle-
ne)CH,—;

—(CH,),(phen-1,4-ylene)NHC(O)} fur-2,5-ylene) CH,—;

—(CH,),(phen-1,4-ylene)NHC(O)(thien-2,5-yle-
ne)CH,—;

—(CH,),(trans—cyclohex-1,4-ylene)NHC(O)(phen-1,3-
ylene)CH,—;

—(CH,);O(phen-1,3-ylene)CH,—;
—CH,CH(OH)CH,NH(phen-1,4-ylene)(CH,),—;
—(CH,),NH(phen-1,4-ylene)}(CH,),—;
—(CH,),C(O)NH(phen-1,4-ylene)CH,NHC(O)CH,—;

—(CH,),C(O)NH(phen-14-
ylene)(CH,),NHC(O)CH,—;

—(CH,),C(O)NHCH,,{trans-cyclohex-1,4-ylene)CH,—;
—(CH,),NHC(O)(CH,)s—;
—(CH,),O(phen-1,3-ylene)O(CH,),—;
—(CH,),O(pken-1,2-ylene)O(CH,),—;
—CH,(phen-1,2-ylene)O(phen-1,2-ylene)CH,—;
—(CH,),C(O)NH(CH,}s—;
—(CH,),(phen-1,4-ylene)}(CH,);—;
—(CH,)+(phen-1,4-ylene)(CH,),—;
—(CH,),(phen-1 4-ylene)(CH,),—;
—(CH,);(furan-2,5-ylene)}(CH,);—;
—{CH,),N(CH)C(O)NH{phen-1,4-ylene){CH,),—;

4-[-(CH,),J(piperidin-1-yl)C(O)NH(phen-1,4-yle-
ne)l(CH,),—

—{CH,);(phen-1,3-yiene){CH,);—;
—(CH,),(tetrabydrofuran-2,5-ylenc} CH,);—; and
—(CH,),0(phen-1,4-ylene)C(O) CH),—.
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27. A compound of formula I:

g # ®)
(Rl)‘,—: | \([)]/ R"N
¥ R’ OH
RG
wherein:

a is 0 or an integer of from 1 to 3;

each R' is independently sclected from (1-4C)alkyl,
(2-4C)alkenyl,  (2-4C)alkynyl, (3-6C)cycloalkyl,
cyano, halo, —OR'®, —C(O)OR'®, SR*°, —S(O)R',
S(0).R', and —NRR’S;

each of R™, R™, R*, R", R*, R'f and R'® is indepen-
dently hydrogen or (1-4C)alkyl;

b is ( or an integer of from 1 to 3;

each R* is independently selected from (1-4C)alkyl,
(2-4C)alkenyl,  (2-4C)alkynyl, (3-6C)cycloalkyl,
cyano, halo, ~—OR**, —C(O)OR®, SR*, —S(0)R>,
—S(O)R** and —NRR?%;

each of R*, R™, R*, R*, R*, R* and R*® is indepen-
dently hydrogen or (1-4C)alkyl;

W is attached to the 3- or 4-position with respect to the
nitrogen atom in the piperidine ring, and represents O
or NW?,

W2 is hydrogen or (1-4C)alkyl;
c is 0 or an integer of from 1 to 4;

each R? is a substituent on carbon independently selected
from (1-4C)akkyl, (2-4Cjalkenyl, (2-4C)alkynyl,
{3-6C)cycloalkyl, cyano, halo, —OR*, —C(O)OR™,
SR*, —S(0O)R*, —§(0),R*, and —NR*R"s;

each of R*, R*, R¥, R*, R**, R* and R is indepen-
dently hydrogen or (1-4C)alkyl;

R* is a divalent group of the formula:
—R*) (A AR Q-(R) (A7) (R*)—
wherein

d, ¢, f, g, h and i are each independently selected from 0
and 1;

R*, R*, R* and R* are each independently selected
from (1-10Q)alkylene, (2-10C)alkenylene  and
(2-10C)alkynylene wherein each alkylene, alkenylene
or alkynylene group is unsubstituted or substituted with
from 1 to 5 substituents independently selected from
(1-4C)aikyl, fluoro, hydroxy, phenyl and phenyl(1-4C)-
alkyl;

A*and A® are each independently selected from (3-7C)cy-
cloalkyiene, (6-10C)arylene, (2-9C)heteroarylene and

.
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(3-6C)heterocyclene; wherein each cycloalkylene is
unsubstituted or substituted with from 1 to 4 substi-
tutents selected independently from (1-4C)alkyl and
each arylene, heteroarylene or heterocyclene group is
unsubstituted or substituted with from 1 to 4 substitu-
ents independently selected from halo, (1-4C)alkyl and
(1-4C)alkoxy;

Q s selected from a bond, —0—, —C(0)0—,

—0C(0)—, —S—, —S(O)— —S(0).—,
—N(Q)C(0), —C(ON(Q”)-, —N(Q*)3(0),—,
—S(0):N(@Q?)-, N(Q*)C(ON(QY)-,

—N(Q®S(0):N(Q")-, —OC(O)N(Q)- and —N(Q'-
Y(0)0—;

Q% Q% Q7 Q% @7, QF Q% Q" Q' and Q are each
independently selected from hydrogen, (1-6C)alkyl, A®
and (14Calkylene-A*; wherein the alkyl group is
unsubstituted or substituted with from 1 to 3 substitu-
ents independently selected from fluoro, hydroxy and
(1-4C)alkoxy; or together with the nitrogen atom and
the group R*™ or R* 1o which they are atlached, form
a 4-6 membered azacycloalkylene group;

A®and A" are each independently selected from (3-6C)cy-
cloalkyl, (6-10C)aryl, (2-9C)heteroaryl and (3-6C)het-
erocyclyl; wherein each cycloalkyl is unsubstituted or
substituted with from 1 to 4 substitutents selected
independently from (1-4C)alkyl and each aryl, hel-
eroaryl or heterocyclyl group is unsubstituted or sub-
stituted with from 1 to 4 substituents independently
selected from halo, (1-4C)alkyl and (1-4C)alkoxy;

provided that the number of contiguous atoms in the
shortest chain between the two nitrogen atoms to which
R* is attached is in the range of from 8 to 14;

R represents hydrogen or (1-4C)alkyl;

RS is —NR®*CR®®(0) and R is hydrogen, or R® and R’
together form —NR™C(0)—CR™=CR™-,
—CR™=CR"™—C(0O)}—NR"—, —~—NR8C(0)—
CRThR'?i__CR’IjR7k_ or _CR71R7m_CR7nR7o_
C(Oy—NR"—;

each of R*™ and R® is independently hydrogen or
(1-4Q)alkyl; and

each Of R'fa, R7b, R7C, R‘ld’ R7e’ R"f’ R7h, R?i’ R-,j, R7k’ Rﬂ,
R’ R™, R™ and R is independently hydrogen or
(1-4Chalkyl;

or a pharmaceutically acceptable salt or solvate or stere-
oisomer thereof.
28. A compound selected from:

1-biphenyl-2-y1-3-(1-{9-[2-hydroxy-2-(8-hydroxy-2-
oxo-1,2-dihydroquinolin-5-yl)ethylamino)
nonyl}piperidin-4-yljurea;

biphenyl-2-ylcarbamic acid  1-{9-[2-hydroxy-2-(8-hy-
droxy-2-o0xo0-1,2-dihydroquinolin-5-yl)ethylamino]
nonyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{9-[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-3-yllethylamino]
nonyl}piperidin-4-yl ester;

biphenyl-2-ylearbamic acid 1-{9(R)-2-(3-formylamino-

4-hydroxy-pheayl)-2-hydroxyethylamino]
nonyl}piperidin-4-yl ester;
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biphenyl-2-ylcarbamic acid 1-{9{(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2,3,4-tetrahydroquinolin-5-yl)ethy-
lamino]nonyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{5{(R)-2-bydroxy-2-(8-
hydroxy-2-oxo0-1,2-dthydroquinolin-5-yl)ethylamino]
pentylcarbamoyl}ethylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-({6{(R)-2-hydroxy-2-
(8-hydroxy-2-oxc-1,2-dihydroquinolin-5-yl)ethy-
lamino Jhexanoyl }methylamino)ethyl]piperidin-4-yl
ester;

biphenyl-2-ylearbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}phenylcarbamoyl)ethyl]piperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-0xc-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-benzoylamino)ethyl lpiperidin-4-yl
ester;

bipheayl-2-ylcarbamic acid 1-[2(3-{5-{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jpentyl }-ureido)ethyllpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{3+(3-{5-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jpentyl}-ureido)propy!piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{9{(R)-2-hydroxy-2-(4-
hydroxy-3-hydroxymethylphenyl)ethylaming]
nony!}piperidin-4-yl ester;

1-biphenyl-2-y1-3-(1-{9-[2-hydroxy-2-(4-hydroxy-3-hy-
droxymethylphenylethylaminononyl }piperidin-4-
ylurea;

biphenyl-2-yicarbamic acid 1-{2{(3-{[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-cyclohexylmethylcarbamoyl)
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-({(1R,38)-3-[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2,3,4-tetrahydroquinolin-
5-ylethylamino]cyclopentanecarbonyl jamino)ethyl]
piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-(2-chloro-4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl} phenylcarbamoyethyl]piperidin-
4-yl ester;

biphenyl-2-ylearbamic acid 1-(2-{5-{(R)-2-hydroxy-2-(8-
hydroxy-2-0xo0-1,2-dibydroquinolin-5-yl)ethylamino]
pentylsulfamoyl1}-ethyl)piperidin-4-yl ester;

biphenyl-2-ylearbamic acid 1-{2{(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ylethy-
lamino)methyl}-benzenesulfonyl)methylamino]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[3-(3-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-ylJethy-
lamino Jmethyl}benzylureido Jethyl } piperidin-4-yl
ester;

biphenyl-2-ylcarbamic  acid  1-{3-{4-(4-{2-[(R)-2-hy-
droxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-3-y1-
Jethylaminolethy!} phenylamino)phenyl]
propyl}piperidin-4-yl ester;
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biphenyl-2-ylcarbamic acid 1-[2-fluoro-3-(4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl}piperidin-1-ylmethyl)benzylpip-
eridin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[3-(4-{2-[(R}-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jethy! }phenoxy)propylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{2-{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jethyl}phenyl)ethyl]piperidin-4-y1 ester;

biphenyl-2-ylcarbamic acid 1-[3-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jmethyl} piperidin-1-y1)-propyl lpiperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 12-{2-chloro-4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl-
Jethylamino]methyl}-5-methoxyphenylearbamoyl-
Jethyl]-piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{7-{(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-3-yl)ethytamino]
heptyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{8-[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo0-1,2-dthydroquinolin-5-ylethylamino]
octyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic  acid  1-{2-[3-(4-{2{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dikydroquinolin-5-yl-
JethylaminoJethyl} phenyl)ureidoethyl} piperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 1-{3-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
laminoJethyl} piperidin-1-yI)-3-oxopropyl lpiperidin-4-
yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
laminojmethyl}-cyclohexanecarbonyl)amino]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-({(1R,38)-3-[(R)-2-(3-
formylamino-4-hydroxyphenyl)-2-hydroxyethy-
lamino]-cyclopentanecarbonyl }amino)ethyl pipericlin-
4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-(3-{5-[(R)-2-(3-formy-
lamino-4-hydroxyphenyl)-2-hydroxyethylamino]
pentyl}ureidojethy!]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
laminoJethyl}phenylamino)ethyl Jpiperidin-4-yl ester;

biphenyl-2-ylcarbamic ~ acid  1{3-(3-{5{2-(3-formy-
lamino-4-hydroxyphenyl)-2-hydroxyethylamino]
pentyl}ureido)propylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[(4-{2-[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yl)ethy-
laminoJethyl}piperidine-1-carbonyl)amino]
ethyl }piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[4-(4-{2-[(R}-2-hvdroxy-2-
(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jethyl}-pheaylamino)benzylpiperidin-4-yl
ester;
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biphenyi-2-ylcarbamic acid 1-{243-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yl)ethy-
lamino}methyl}-benzylcarbamoyl)ethyl Jpiperidin-4-yl
esler;

3-[4-(3-biphenyl-2-yl-ureido)piperidin-1-yl}-N-(4-{[(R)-
2-hydroxy-248-hydroxy-2-oxo-1,2-dihydroquinolin-
5-yl)ethylamino]methyl}phenyl)propionamide;

biphenyl-2-vicarbamic acid 1-{2-{(6-{[(R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}pyridin-2-ylmethyl)carbamoyl]
ethyl} piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-
(8-hvdroxy-2-oxo-1,2-dihydroquinolin-5-yljethy-
lamino]methyl}-cyclohexylcarbamoyl)ethyl]piperidin-
4-y| ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{{{R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihvdroquinolin-5-yt)ethy-
lamino Jmethyl}-cvclohexylcarbamoyl)ethylpiperidin-
4-yl ester;

biphenyl-2-ylearbamic acid 1-2-({(1R,35)-3-[(R)-2-hy-
droxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-yl-
Jethylamino -cyclopentanecarbonyl}amino)ethyl pip-
cridin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2{(3-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo0-1,2-dibydroguinolin-5-yl)ethy-
lamino]methyl}-benzoyl)methylamino]
ethyl}piperidin-4-y! ester;

biphenyl-2-yicarbamic acid 1-{2{(4-{[{R)-2-hydroxy-2-
(8-tiydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)ethy-
lamino Jmethyl}-cyclohexanecarbonyl)methylamino]-
ethyl}piperidin-4-yl ester;

biphenyl-2-yicarbamic acid 1-[24(4-{[2-hydroxy-2-(8-hy-
droxy-2-ox0-1,2-dihydroquinolin-5-yl)ethylamino]
methyl}phenylcarbamoyl)ethylJpiperidin-4-yl ester;

biphenyl-2-ylearbamic  acid  1{2-(4-{(S)-1-[(R)-2-hy-

droxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-yl-
Jethylamino Jethyl} phenylcarbamayl)ethyl]piperidin-
4-yl ester;

biphenyl-2-ylcarbamic acid  1-[2-(4-{(R)-1-[(R)-2-hy-

droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
)ethylamino Jethyl} phenylcarbamoyljethyl]piperidin-
4-yl ester;

biphenyl-2-ylcarbamic acid 14(S)-1-{5{(R)-2-hydroxy-
2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
lamino Jpentanoyl} pyrrolidin-2-ylmethyl)piperidin-4-
yl ester;

bipheny!-2-ylcarbamic acid 1-[(S)-1-(4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethy-
lamino)methyl}-benzoylpyrrelidin-2-ylmethyllpiperi-
din-4-yl ester;

biphenyl-2-ylcarbamic acid  1-[244-{[(R)-2-(3-formy-
lamino-4-hydroxy-phenyl)-2-hydroxy-ethylamino]
methyl}phenylcarbamoyl)ethyllpiperidin-4-yl ester;

biphenyl-2-ylcarbamic  acid  1-[2-(4-{(R)-1-[(R)-2-(3-
formylamino-4-hydroxy-phenyl)-2-hydroxy-ethy-
lamino]ethyl} phenylcarbamoyl)ethyl Jpiperidin-4-yl
ester;
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biphenyl-2-ylcarbamic acid 1{2-(4-chioro-3-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-y1-
Jethylamino Jmethyl}phenylcarbamoyl)ethyl]piperidin-
4-y! ester;

N-{2{4-(3-biphenyl-2-yl-ureido)-piperidin-1-ylJethyl }-
4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydro-
quinolin-5-yl)ethylaminoJmethyl }benzamide;

1-biphenyl-2-yl-3-{1-[3-(4-{2-{{R)-2-hydroxy-2-(8-hy-
droxy-2-0x0-1,2-dihvdroquinolin-5-yl)ethvlamino]
ethyl} piperidin-1-y1)-3-oxo-propyl Ipiperidin-4-
yl}urea;

3-[4-(3-biphenyl-2-yl-ureido)piperidin- 1-y1]-N-(3-{[(R)-
2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-
5-yl)ethylamino Jmethyl}-benzyl)propionamide;

biphenyl-2-ylcarbamic acid  1-(2-fluoro-3-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-ox0-1,2-dihydroguinolin-5-yl-
Jethylamino Jmethyl}-benzylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2«(3-{[(R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-3-yl)ethy-
lamino]methyl}-4-methyl-phenylcarbamoyl)ethyl]pip-
eridin-4-yl ester;

biphenyl-2-ylcarbamic acid 14{2-(2-chloro-5-{[{R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-diydroquinolin-5-yl-
Jethylaminolmethyl}phenylcarbamoyl)ethylpiperidin-
4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2+2,6-dichloro-4-{[(R)-2-
hydroxy-2-(8-hydroxy-2-oxeo-1,2-dihydroquinolin-5-
yl)ethylaminoJmethyl }phenylcarbamoyl)ethyl piperi-
din-4-yl ester;

biphenyl-2-ylcarbamic acid -{1{4-{[(R)-2-hvdroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-53-yl)ethy-
lamino Jmethyl}benzoyl)-piperidin-4-ylmethyl]piperi-
din-4-yl ester;

biphenyl-2-ylcarbamic acid  1-[244-{[(R)-2-(3-lormy-
lamino-4-hydroxy-phenyl)-2-hydroxyethylaminoJme-
thyl}-benzoylamigo)ethyl Jpiperidin-4-yl ester;

bipheayl-2-ylcarbamic acid 1-{2{ethyl-(4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl}phenyl)carbamoyl]
ethyl}piperidin-4-y] ester;

biphcnyl—Z-ylcarbamié acid 1-(3-{4-{(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethylamino]
piperidin-1-yl}-3-oxo-propyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-3-yljethy-
laminoJethyl} phenylcarbamoylyethyl]piperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 1-{2-[(5-{[(R)-2-hvdroxy-2-
(8-hydroxy-2-oxo0-1,2-dihydroquinolin-3-yl)ethy-
laminoJmethyl}-thiophene-2-carboayl)amino]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-3-pitro-benzoyl)methylamino]
ethyl}piperidin-4-yl ester;

Gz
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biphenyl-2-ylcarbamic acid  1-[2-(4-{[(R)-2-(3-formy-
lamino-4-hydroxyphenyl)-2-hydroxyethylaminojme-
thyl}-cyclohexylcarbamoyl)ethyl]piperidin-4-y1 ester;

biphenyl-2-ylcarbamic acid 1-[2-({4{({R)-2-hydroxy-2-
{8-hydroxy-2-oxe-1,2-dihydroquinolin-5-yiethy-
lamino Jeyclohexanecarbonyl}-methylamino)ethylJpip-
erdin-4-y] ester;

biphenyl-2-ylcarbamic acid 1-(2-fluoro-3-4-[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylaminopiperidin-1-ylmethyl }benzyl)piperidin-4-
yl ester;

biphenyl-2-vlcarbamic acid 1-{2-{(6-{[{R)-2-hydroxy-2-
(8-hydroxy-2-oxc-1,2-dihydroquinolin-5-yl)ethy-
laminoJmethyl}pyridine-3-carbonyl)amino]
ethy)}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[3<5-{3{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihvdroquinolin-5-yl)ethy-
lamino Jpropyl}-thiophen-2-yl)propy!piperidin<4-yl
esler;

biphenyl-2-ylcarbamic acid 1-{2(4-{2-[(R)-2-(3-formy-
lamino-4-hydroxyphenyl)-2-hydroxy-ethylamino]
ethyl}phenylcarbamoyl)ethylpiperidin-4-yl ester;

biphenyl-2-vicarbamic acid 1-[2+(4-{2{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
laminoJethyl} phenylamino)benzyl Jpiperidin-4-yl
esler;

biphenyl-2-vicarbamic acid 1{2-fluoro-3-(4-{2{(R)-2-
hydroxy-2~(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDethylaminoJethyl}piperidin-1-ylmethy)benzyl)pip-
endin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[3-(4-{2{(R)-2-bydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-ybethy-
laminoJethyl}phenylamino)propyl Ipiperidin-4-y]
ester;

biphenyl-2-ylcarbamic acid 1{2-(3<hloro-4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-o0x0-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl}phenylcarbamoyl)ethy!piperidin-
4-yl ester;

bipheny}-2-ylcarbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-2-trifluoromethoxy-phenylcarbamoyl-
Jethyl]piperidin-4-yl ester;

bipheayl-2-vicarbamic  acid  1-{3{3-{4-{2-[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jethyl}phenylamino)phenyl]
propyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1{3-(4-{24{(S)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yljethy-
laminojethyl} phenylamino)benzy! Ipiperidin-4-yl
ester;

biphenyl-2-ylearbamic acid 1-[2-{4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-ylethy-
lamino Jmethyl}-2-iodo-phenylcarbamayl)ethyl lpiperi-
din-4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-(2-chloro-4-{[(R)-2-hy-
draxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-y!-
Jethylamino]methyl}-6-methylphenylcarbamoyl)ethyi]
piperidin-4-yl ester;
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biphenyl-2-ylcarbamic acid 1-(2-{5-[2-hydroxy-2-(8-hy-
droxy-2-oxo0-1,2-dihydroquinolin-3-yl)ethylamino]
pentylcarbamoyt}ethy!)-piperidin-4-y! ester;

biphenyl-2-ylcarbamic acid 1-[2{2-bromo-4-{[{R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylaminc Jmethyl}phenylcarbamoyllethyl]piperidin-
4-y] ester;

biphenyl-2-ylcarbamic acid  1-{3-[2-(4-{2-{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxa-1,2«lihydroquinolin-5-yl-
Jethylamine Jethyl}phenytamino)-phenyl)
propyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-Buorc-3-(4-{3{(R)-2-
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqumohn-5-
ylethylamino Jpropyl} piperidin-1-ylmethyl)benzyl Jpi-
peridin-4-yl ester;

bipheayl-2-ylcarbamic acid 1-{244-{[(R)-2-hydroxy-2-
(8-hydroxy-2-o0x0-1,2-dihydroquinolin-3-yl)ethy-
lamino]methyl}-2-methoxy-phenylcarbamoyl)ethyl]
piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[5-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
laminoJethyl} phenylamino)pentyl]piperidin-4-yl ester;

biphenyl-2-ylcarbamic  acid  1-{2-{i-(4-{2{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jethyl}phenyl)-piperidin-4-yl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{2-[(R)-2-hycroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroguinolin-3-yl}ethy-
lamino]-1-methyl-ethyl} phenylcarbamoyl)eihyl]pip-
eridin-4-yl ester;

biphenyi-2-ylcarbamic  acid  1-{2-[4-(4-{2{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylaminolethyl}phenylamine)cyclohexyl]
ethyl}piperidin-4-y! ester;

biphenyl-2-ylcarbamic acid 1{2-(2-fluoro-4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl}phenylcarbamoyl)ethyl]piperidin-
4-yl ester;

biphenyl-2-ylcarbamic  acid  1-{2-[3-(4-{2{(R)-2-hy-
droxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-yl-
JethylaminoJethyl} phenylamino)pheayl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-(2,5-difluoro-4-{{(R)-2-
hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroguinolin-3-
yl)ethylamino)methyl} phenylcarbamoyl)ethyl]piperi-
din-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{2-[(R)-2-hvdroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroguinolin-3-yl)ethy-
lamino Jethyl}-benzoylamino)ethyl piperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 1-[6-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)ethy-
lamino}methyl}piperidin-1-ylmethyl)pyridin-2-ylm-
ethylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-0xo-1,2-dihydroquinolin-3-yl)ethy-
laminoJethyl}-naphihalen-1-ylcarbamoyl)ethyl piperi-
din-4-yl ester;

%
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biphenyl-2-ylcarbamic acid 1-{2{1-(4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-ox0-1,2-dihydroguinolin-5-yl)ethy-
lamino Jmethyl}-benzoyl)piperidin-4-yl]
ethyl}piperidin-4-yl ester;

biphenyl-2-vlcarbamic acid 1-[3<4-{3{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihvdroguinolin-5-yljethy-
lamino]propionylamino}phenyl)propylJpiperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 1-[3-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-y1)ethy-
laminoJmethyl}phenoxy)propyl]piperidin-4-yl ester;

biphenyl-2-vicarbamic acid 1-{2-(5-{[(R)-2-hydroxy-2-
{8-hvdroxy-2-oxo-1,2-dihydroquigolin-5-yl)ethy-
lamino Jmethyl}-1H-benzoimidazol-2-ylethyllpiperi-
din-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2+(4-{3-[(R)-2-bydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ylethy-
lamina Jpropionylamino }cyclohexyl)ethyl Jpiperidin-4-
yl ester;

bipheny!-2-ylcarbamic acid 1-{24{4-{5{(R)-2-hydroxy-2-
(8-hydroxy-2-0xc-1,2-dihydroquinolin-5-yl)ethy-
lamino Jpentanoylamino }eyclohexyl)ethyl Jpiperidin-4-
yl ester;

biphenyl-2-vlcarbamic acid 1-[2+(4-{6-{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino]-hexanoylamino}eyclohexylethyllpiperidin-4-
yl ester;

biphenyl-2-vlcarbamic acid 1-[2+1-{3{(R)-2-bydroxy-2-
(8-hvdroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
laminolpropionyl}piperidin-4-yl)ethyllpiperidin-4-yl
esler,

biphenyl-2-ylearbamic acid 1-{2-[3-(4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-0x0-1,2-dihydroquinclia-5-yl)ethy-
lamino]methyl} phenylureido Jethyl} piperidin-4-yl
ester;

biphenyl-2-vlcarbamic acid 1-{2-{(2-{4-[(R)-2-hydroxy-
2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
lamino]cyclohexyl}-ethyl)methylamino}
ethyl}piperidin-4-yl ester;

bipheny!-2-ylcarbamic acid 1{2+2,3,5,6-tetrafluoro-4-{
{(R)-2-hydroxy-2+(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-3-yl)ethylamino]methyl}phenylcarbamoyl)-
ethyl]piperidin-4-y! ester;

biphenyl-2-ylcarbamic acid 1{2-(4-{[{R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dibvdroquinolin-5-yl)ethy-
lammnoJmethyl}-2,6-diiodo-phenylcarbamoyl)ethyl]pi-
peridin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-2-(1-{4-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yI)ethy-
lamino]-butyryl} piperidin-4-ylethylJpiperidia-4-y
ester;

biphenyl-2-ylcarbamic acid 14[2-(1-{5-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jpentanoyl}piperidin-4-ylethyllpiperidin-4-yl
esier;

biphenyl-2-ylcarbamic acid 1-[2-(1-{6-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroguinolin-S-yl)ethy-
lamino }-hexanoyl} piperidin-4-vl)ethyljpiperidin-4-yl
ester;
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biphenyl-2-ylcarbamic acid 1-[2<{4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxe-1,2-dihydroguinohin-5-yl)ethy-
lamino]melhyl}-benzylcarbamoyl)ethyl piperidin-4-yl
esler;

biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-(3-formy-
lamino-4-hydroxy-phenyl)-2-hydroxyethylamino me-
thyl}-benzylcarbamoyl)ethylipiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2{3-(4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-0%0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-benzyl)ureido]etbyl }piperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 1-{2-{3-(4-{[(R)-2-(3-formy-
lamino-4-hydroxyphenyi)-2-hydroxyethylamino]
methyl}benzyl)-ureido]etbyl} piperidin-4-y! ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-hvdroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroguinolin-53-yl)ethy-
lamino methyl}-2-methyl-phenylcarbamoyl)ethyl]pip-
eridin-4-yl esler;

biphenyl-2-ylcarbamic  acid  1-(3-{4{2-(4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinclin-5-yl-
Jethylamino Jmethyl} piperidin-1-yljethyl]

phenoxy }propyl)-piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(3-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-y1)ethy-
laminoJethyl}-benzylcarbamoyl)ethy!ipiperidin-4-yl
ester;

biphenyl-2-ylcarbamic acid 1-{2-(3-{{(R})-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroguinolin-5-yl)ethy-
lamino]methyl}phenoxy)ethyl]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{[2-(4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dibydroguinolin-5-yl)ethy-
lamino Jmethyl}phenoxy)acetyl]
methylamino}ethyl)piperidin-4-y] ester;

biphenyl-2-ylcarbamic acid 1-(2-{[2-{3-{{(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jmethyl} phenoxy)acetyl Jmethylamine }ethyl)-
piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-{(5-{[(R)-2-hydroxy-2-
(8-hydroxy-2-o0x0-1,2-dihydroquinolin-5-yl)ethy-
laminoJmethyl}furan-2-carbonyl)methylamine]
ethyl }piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[(5-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-3-yl)ethy-
lamino Jmethyl}-thiophene-2-carbonyl)methylamino]
ethyl}-piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
laminoJethoxy }phenoxy)ethyl]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2{4-(4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-benzoylamino)cyclohexyl]
ethyt}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-(2-{4-[2-(2-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-0x0-1,2<dihydroquinolin-5-yl-
Yethylamino]methyl}phenoxy)acetylamino]
cyclohexyl}ethyl)-piperidin-4-yl ester;
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biphenyl-2-ylcarbamic acid  1-(2-{4{2(3-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-0x0-1,2-dihydroguinolin-5-y?-
Jethylamino]methyl}phenoxy)acetylaming]
cyclohexyl}ethyl)-piperidin-4-yt ester;

biphenyl-2-ylcarbamic acid  1-(2-{4{24-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl}phenoxy)acetylamino]
cyclohexyl}ethyl)-piperidin4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{4-[(5-{[(R)-2-hydroxy-
2-(8-hydroxy-2-o0xo0-1,2-dibydroquinolin-5-yl)ethy-
lamino Jmethyl}furan-2-carbonyl)aminojeyclohexyl} -
ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-2-{4{(5-{[(R)-2-hydroxy-
2-(8-hydroxy-2-0x0-1,2-dihydroguinolin-5-yl)ethy-
lamino]methy1}-thiophene-2-carbonyl)aminc]eyclo-
hexyl}-ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic  acid  1-(2-{1{242-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yl1-
Jethylamino Jmethyl}phenoxy)acetyl lpiperidin-4-
yl}ethyl)-piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-(2-{1{2«(3-{[(R)-2-hy-
droxy-2+(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl-
JethylaminoJmethyl }phenoxyJacetylJpiperidin-4-
yl}ethyl)-piperidin-4-y| ester;

biphenyl-2-ylcarbamic acid 1-(2-{1{244-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl}phenoxy)acetyl Jpiperidin-4-
yi}ethyl)-piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2{1-(5-{[(R)-2-hydroxy-
2-(8-hydroxy-2-0%o-1,2-dihydroquinolin-S-yl)ethy-
lamino Jmethyl} furan-2-carbonyl)piperidin-4-yl]
ethyl}piperidin-4-yl ester;

biphenyl-2-yicarbamic acid 1-{2-{1-(5-{[(R)-2-hydroxy-
2-(8-hydroxy-2-0x0-1,2-dihydroquinclin-5-yljethy-
lamino]methyl}-thiophene-2-carbonyl)piperidin-4-yl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2{4-(3-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yl)ethy-
lamino Jmethyl}-benzoylamino)phenyl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2{4-(4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-benzoylamino)phenyl]
ethvl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-(2-{4{2-(2-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino]methyl}phenoxy)acetylamino]
phenyl}ethyl)-piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-(2-{4-{243-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
JethylaminoJmethyl}phenoxy)acetylamino]
phenyl}ethyl}-piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-(2-{4{2-(4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-0xo-1,2-dihydroguinotin-5-yl-
JethylaminoJmethyl}phenoxy)acetylamino]
phenyl}ethyl)-piperidin-4-yl ester;
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biphenyl-2-ylcarbamic acid 1-(2-{4{(5-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yDethy-
lamino]methyl} furan-2-carbonyl)amino]
phenyl}ethylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{4-[(5-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamine Jmethy!}-thiophene-2-carbonyl)amino Jphe-
nyl }-ethyl)piperidin-4-yl ester;

bipheayl-2-ylcarbamic acid 1-{2-[4-(3-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jmethyl}-benzoylamino)cyclohexyl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-3<3-{[(R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethy-
lamino Jmethyl} phenoxy)-propyl]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-hydroxy-3-(4-{2-[(R)-2-
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
ylethylaminoJethyl}phenylamino)propyljpiperidin-4-
yl ester;

biphenyl-2-ylcarbamic acid 1-{4-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-0xo-1,2-dihydroguinolin-3-yl)ethy-
laminoJethyl}phenylamino)butyl lpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[4-({2{(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jacetylamino }-methyl)phenylcarbamoyl]
ethyl }piperidin-4-yl ester;

biphenyl-2-ylcarbamic  acid  1-{2{4-(2-{2{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamine Jacetylamino }ethyl)phenylcarbamoyl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-ylethy-
lamine]methyl}-cyclobexylmethyl)carbamoyl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{6{(R)-2-hydroxy-2-(8-
hydroxy-2-ox0-1,2-dihydroquinolin-3-yl)ethylamino]
hexanoylamino}-ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(3-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
laminoJethoxy} phenoxy)ethyl]piperidin-4-yl ester;

biphenyl-2-ylearbamic acid 1{2+2-{2-{(S)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yhethy-
laminoJethoxy } phenoxy)ethyl]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[242-{[(R)-2-bydroxy-2-
(8-hydroxy-2-oxo-1,2-dihkydroquinolin-5-yl)ethy-
laminomethyi}phenoxy)benzyl]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{6{(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]
hexylcarbamoyl }ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-({(1R,3S)-3{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Yethylamino Jeyclopentanecarbonyl famino)ethyl]pip-
eridin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[3-(4-{3-[(R)-2-hydroxy-2-

(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
lamino Jpropyl}phenyl)propyl Jpiperidin-4-yl ester;
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biphenyl-2-ylcarbamic acid 1-[3-(4-{2{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ytethy-
laminoJethyl}phenyl)propylt]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[4-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yljethy-
laminoJethyl}phenyl)butyl]piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[3«(5-{3{(R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethy-
lamino Jpropyl} furan-2-yl)propyllpiperidin-d-yl ester;

biphenyl-2-ylcarbamic  acid  1-{2{3-(4-{2[(R)-2-hy-
droxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl-
Jethylamino Jethyl}phenyl)-1-methylureido]
ethvl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic  acid  1-{2{1-(4-{2-[(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino kethyl}phenylcarbamoyl)piperidin-4-yl]
ethyl}piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{3«(3-{3{(R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethy-
lamina]propyl}phenyl)propyllpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1{35-{3-[(R)-2-hydroxy-2-
(8-hvdroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethy-
laminoJpropyl}tetrahydrofuran-2-yl)propyl Jpiperidin-
4-yl ester;

biphenyl-2-ylcarbamic acid 1{2-(4-{2-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ylethy-
lamino]ethylcarbamoyl} phenoxy)ethyilpiperidin-4-yl
ester;

(5-bromobiphenyl-2-yl)carbamic acid 1-{9-[2-hydroxy-
2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-yl)ethy-
lamino]nonyl}-piperidin-4-yl ester;

(2*-Buorobiphenyl-2-yl)carbamic acid  1-{9-{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-y1-
Jethylaminononyl}-piperidin-4-yl ester;

(3'-chloro-3,5-diflucrobiphenyl-2-vl)carbamic acid 1-{9-
[(R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydro-
quinolin-5-yl)-cthylamino]nonyl} piperidin-4-yl ester;

(3".5"-dichloro-3,5-difluorobiphenyl-2-yl)carbamic  acid
1-{9{(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-5-yl)-ethylamino Jnonyl} piperidin-4-yl ester;

(3,5-difluorobiphenyl-2-ylcarbamic acid 1-{9-[(R)-2-hy-
droxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl-
JethylaminoJnony! }piperidin-4-yl ester;

biphenyl-2-vlcarbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}-phenylcarbamoyl)ethyl)-4-methylpip-
eridin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-[2-(4-{[(R)-2-(3-formy-
lamino-4-hydroxyphenyl)-2-hydroxyethylamino]
methyl}phenylcarbamoyl)-ethyl)-4-methylpiperidin-4-
yl ester;

biphenyl-2-vlcarbamic acid 1-{9{(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-yl}thylamino]
nonyl}-4-methylpiperidin-4-yl ester;

biphenyl-2-vlcarbamic acid 1-{9{(R)-2-(3-formylamino-
4-hydroxy-phenyl)-2-hydroxyethylamino]oonyl}-4-
methylpiperidin-4-yl ester;
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biphenyl-2-ylcarbamic acid 1-(2-{5-{(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]
pentylcarbamoyl}-ethyl)-4-methylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-(2-{5-[(R)-2-(3-formy-
lamino-4-hydroxyphenyl)-2-hydroxyethylamino]
pentylcarbamoyl}ethyl)-4-methylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{6-(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]
hexanoylamino}ethyl}-4-methylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid  1-(2-{6-[(R)-2-(3-formy-
lamino-4-hydroxyphenyi)-2-hydroxyethylamino}
hexanoylamino}ethyl)-4-methylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethy-
lamino]methyl}benzoylamino)eihyl]-4-methylpiperi-
din-4-yl ester;

biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-(3-formy-
lamino-4-hydroxyphenyl)-2-hydroxyethylamino]
methyl }benzoylamino)ethyi]-4-methylpiperidin-4-yl
esler;

biphenyl-2-ylcarbamic  acid  1-{3{4-(4-{2{(R)-2-hy-
droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylaminolethyl} phenylamino)phenyllpropyl} -4-
methylpiperidin-4-yl ester,

biphenyl-2-ylcarbamic acid 1{2-(2-chloro-4-{[(R)-2-hy-

. droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl-
Jethylamino Jmethyl} phenylcarbamoylethyl]-4-meth-
ylpiperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 14{2-(2-chloro-4-{[(R)-2-hy-
droxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-y1-
Jethylamino Imethyl}-5-methoxyphenylcarbamoyl-
Jethyl]-4-methylpiperidin-4-yl ester;

4-(biphenyl-2-ylcarbamoyloxy)-1-{9{(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)-thy-
laminoJnonyl}-1-azoniabicyclo[2.2.2 Joctane;

biphenyl-2-ylcarbamic acid 8-{9-[(R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1,2-dihydroquinotin-3-yl)ethylamino)
nony!}-8-azabicyelo[3.2.1Joct-3-y1 ester;

7-(biphenyl-2-ylcarbamoyloxy)-9-{9-{(R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)-ethy-
lamino]nonyl}-9-methyl-3-oxa-9-azoniatricyclo
[3.3.1.0*2,4* Jnonane; and

biphenyl-2-ylcarbamic acid 9-{9{({R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroguinolin-5-yl)ethylamino]
nonyl}-3-oxa-9-aza-tricyclo[3.3.1.0*2,4* Jnon-7-vl
esler;

or a pharmaceutically acceptable salt or solvate thereof.

29. Biphenyi-2-ylcarbamic acid 1-{9-[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydro-quinolin-S-yljethylamino]
nonyl}piperidin-4-y1 ester or a pharmaceutically acceptable
salt or solvate thereof.

30. Biphenyl-2-ylcarbamic acid 14(2-{5-[(R}-2-hydroxy-
2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)ethylamino
pentylcarbamoyl}ethyl)piperidin-4-yl ester or a pharmaceu-
tically acceptable salt or solvate thereof.

31. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and a therapeutically effective
amount of a compound of any one of claims 1, 14, 15, 16,
27, 28, 29 or 30.
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32. The pharmaceutical composition of claim 31, wherein
the composition further comprises a therapeutically effective
amount of a steroidal anti-inflammatory agent.

33. The pharmaceutical composition of claim 31, wherein
the composition further comprises a therapeutically effective
amouni of a PDE, inhibitor.

34. A method for treating a pulmonary disorder, the
method comprising administering to a patient in need of
treatment a therapeutically effective amount of a compound
of any one of claims 1, 14, 15, 16, 27, 28, 29 or 30.

35. A method of providing bronchodilation in a patient,
the method comprising administering to a patient requiring
bronchodilation a therapeutically effective amount of a
compound of any one of claims 1, 14, 15, 16, 27, 28, 29 or
30.

36. A method of treating chronic obstructive pulmonary
disease or asthma, the method comprising administering to
a patient in need of treatment a therapeutically effective
amount of a compound of any one of claims 1, 14, 15, 16,
27,28, 29 or 30.

37. A method for treating a pulmonary disorder, the
method comprising administering a compound having both
muscarinic receptor antagonist and f,-adrenergic receptor
agonist activity.

38. The method of claim 37, wherein the compeund has
a K; for the M3 muscarinic receptor of less than about 100
aM and an EC,, for the B, adrenergic receptor of less than
about 100 oM.

39. The methed of claim 37 or claim 38, wherein the
compourd has a ratio of the K; for the M, muscarinic
receptor 1o the EC,, for the B, adrenergic receptor is from
about 30:1 to about 1:30.

40. A methed of studying a biological system or sample
comprising a muscarinic receptor or a f§, adrenergic recep-
tor, the method comprising;

(a) contacting the biological system or sample with a
compound of claim 1; and

(b) determining the effects caused by the compound of
claim 1 on the biclogical system or sample.
41. A process for preparing a compound of formula I:

OH
Ré

wherein:

as0oran inlegér of from 1 to 3;

each R! is independently selected from (1-4C)alkyt,
(2-4Calkenyl,  (2-4C)alkynyl, (3-6C)cycloalkyl,
cyano, halo, —OR a, —C(O)OR™, SR, §(O)R™,
S(O)R* and —NR'R'%;

each of R™, R™®, R*, R, R, R* and R*# is indepen-
dently hydrogen, (1-4C)alkyl or phenyl-(1-4C)alkyl;
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b is 0 or an integer of from 1 to 3;

cach R* is independently sclected from (1-4C)alkyl,
(2-4C)alkenyt, (2-4C)alkynyl, (3-6C)cycloalkyl,
cyano, halo, —OR*, —C(O)OR™, —SR*,
—S(0)R™, S(0),R* and —NR*R%%;

each of R%, R, R*, R*, R**, R*" and R”% is indepen-
dently hydrogen, (1-4C)alkyl or phenyl-(1-4C)alkyk;

W is attached 1o the 3- or 4-position with respect to the
nitrogen atom in the piperidine ring and represents O or
NW?;

W is hydrogen or (1-4C)alkyl;

¢ is 0 or an integer of from 1 to 4,

each R*® is independently selected from (1-4C)alkyl,
(2-4QC)alkenyl,  (2-4C)alkynyl,  (3-6C)cycloalkyl,
cyano, halo, —OR®, —C(O)OR®, --SR¥%,
—S(O)R*, $(0),R> and —NR¥R®; or two R groups
are joined to form (1-3C)alkylene, (2-3C)alkenylene or
oxiran-2,3-diyl;

each of R*®, R*, R*, R¥, R*, R* and R is indepen-
deatly hydrogen or (1-4C)alkyl;

R* is a divalent group of the formula:

—(R*) (A R¥)Q-R* (A (R —
wherein

d, ¢, f, g, h and { are each independently selected from 0
and 1,

R*, R*™, R* and R* are each independently selected
from (1-10C)alkylene, (2-10C)alkenylene  and
(2-10C)alkynylene, wherein each alkylene, alkenylene
or alkynylene group is unsubstituted or substituted with
from 1 to S substituents independently selected from
(1-4Q)alkyl, fluoro, hydroxy, phenyl and phenyl{(1-
4C)alkyl;

A* and A? are each independently selected from (3-7C)cy-
cloalkylene, (6-10C)arylene, —O-(6-10C)arylere,
(6-10Q)arylene-0—, (2-9C)heteroarylene, —O-(2-
9C)heteroarylene,  (2-9C)heteroarylene-O—  and
(3-6C)heterocyclene, wherein each cycloalkylene is
unsubstituted or substituted with from 1 to 4 substi-
tutents selected independently from (1-4C)alkyl, and
each arylene, heteroarylene or heterocyclene group is
unsubstituted or substituted with from 1 1o 4 substitu-
enls independently selected from halo, (1-4C)alkyl,
(1-4C)alkoxy, —S-(1-4C)alkyl, —S(0)-(1-4C)alkyi,
—8(0),-(1-4C)alkyl, —C(0)O(1-4C)alkyl, carboxy,
cyano, hydroxy, nitro, trifluoromethyl and trifluo-
romethoxy;

Q is selected from a bond, —O0—, —C(0)O—,

—0C(0)y—, —S—, —S(O)—, —S(O):—,
—N(Q)C(0), —CON@Q%)-,  —N(Q9)S(0),—,
—S(0).N(Q°)-, —N(O)C(O)N(Q)-,
—N(Q®)S(0),N(Q")-, —OC(ONQ)-, —N(@Q-
)C(0)0— and —N(Q");

Q°, Qb Q°, Q¢ 5, Qf, Q8 QY QY O and Q* are each

independently selected from hydrogen, (1-6C)alkyl, A
and (14C)alkylene-A’, wherein the alkyl group is
unsubstituted or substituted with from 1 to 3 substitu-
ents independently selected from fluoro, hydroxy and
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(1-4C)alkoxy; or together with the nitrogen atom and
the group R*™ or R* to which they are attached, form
a 4-6 membered azacycloalkylene group;

A’ and A are each independently selected from (3-6C)cy-
cloalkyl, (6-10C)aryl, (2-9C)heteroaryl and (3-6C)het-
erocyclyl, wherein each cycloalkyl is unsubstituted or
substituted with from 1 to 4 substitutenis selected
independently from (1-4C)alkyl and each aryl, het-
eroaryl or heterocycly! group is unsubstituted or sub-
stituted with from 1 to 4 substituents independently
selected from halo, (1-4C)alkyl and (1-4C)alkoxy;

provided that the number of contiguous atoms in the
shortest chain between the two nitrogen atoms to which
R* is attached is in the range of from 4 10 14;

R® represents hydrogen or (1-4C)alkyl;
R% is —NR®CR®™(0) or —CR*CR%“OR® and R’ is

hydrogen; or R® and R” together form —NR™*C(0)—

CR®=CR""—, —CR™=CR™—C(0)—NR"—,

—NR&C(0}—CR™R™—CRMR™— or —CR7R™™—

CR™R7°—C(0)—NRP—;

each of R®, R®, R*, R* and R* is independently
hydrogen or (1-4C)alkyl; and

each of R7a’ RTb, R7C, R-’d, R7e, R'lf’ R?g’ RTh, R'ii, R-’j,
R™, R™, R"™, R™, R™ and R is independently
hydrogen or (1-4C)alkyl;

or a stereoisomer thereof; the process comprising;

(2) reacting a compound of formula 1:

®Rh—

=
=
=

or a salt thereof; with a compound of formula 2:

[*3

or!

H
X—R'*—N

wherein X’ represents a leaving group, and P* and P* each
independently represent a hydrogen atom or a
hydroxyl-protecting group;
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(b) reacting a compound of formula 3:

®Y—
(R

L0

N W

N NH.

Ry — ‘ T \/ gl
.0

x

or salt thereof; with a compound of formula 4:

op?

R’ ot

RS

wherein X2 represents 2 lcaving group, and P* and P* each
independently represent a hydrogen atom or a
hydroxyl-prolecting group;

(c) coupling a compound of formula 5:

S

®Y,
A R,

Z
(R“‘).,—\ | T (R*)—(AH) — (R*)~ X%

with a compound of formula 6:

p op®

I
XE—RIp—@R—RG—N

R’ OP®

R

wherein X and X% each independently represent func-
tional groups that couple to form a group Q, P*™
represents a hydrogen atom or an amino-protecting
group; and P*® and P® each independently represent a
hydrogen atom or a hydroxyl-protecting group,

%
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{d) for a compound of formula I wherein R® represents a
hydrogen atom, reacting a compound of formula 3 with
a compound of formula 7:

QHC

R’ op’

or a hydrate thereof (e.g., a glyoxal), in the presence of a
reducing agent, wherein P7 represents a hydrogen atom
or a hydroxyl-protecting group;

(e) reacting a compound of formula 1 with a compound of

formula 8:
8
[o] l|;lO OPB
J
H RY
RS
R’ (054
R6

or a hydrate thereof, in the presence of a reducing agent,
wherein P® and P° each independenily represent a
hydrogen atom or a hydroxyl-protecting group, P'°
represents a hydrogen alom or an amino-protecting
group, and R* represents a residue that, together with
the carbon to which it is attached, affords a group R*
upon completion of the reaction;

(f) reacting a compound of formula 9:

9
~
(Rl).—l
(®)
H
N W=
= \[r 1\ X
@ | R
[ 0
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wherein X> represents a leaving group, with a compound
of formula 10:

op!!
PRHN

RS
RT 0P12

R®

wherein P® and P'? each independently represent a
hydrogen atom or a hydroxyl-protecting group, and P*?
represents a hydrogen atom or an amino-protecting
group, or

(g) reacting a compound of formula 11:

11
N
®RO—
®).

7
i L8
(R%_: I \ﬂ/ \/N\R"LH

or a hydrate thereof, wherein R* represents a residue that,
together with the carbon to which it is attached, affords
a group R* upon completion of the reaction; with a
compound of formula 10 in the presence of a reducing
agent; and then

removing any protecting group P, P2, P?, P4, pSe P pS,
P7, P%, P®, P, P, P*2 or P** 10 provide a compound
of formula 1.

42. The process of claim 41, wherein the process further
comprises forming a pharmaceutically acceptable salt of the
compound of formula L.

43. The product prepared by the process of claim 41 or 42.

/0
2z “
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Sefiora Jefe, Fecha: 2010 06 21 17: 1865-3-0 Dep. 2020 DIR NUEVASCR |
DIVISION DE NUEVAS CREACIONES N a o U ERVTER "~ Foos. 108
Superintendencia de Industria y Comercio A -
E. S. D.

Referencia : Expediente N° 08 115666

Asunto : Oposiciéon a la solicitud de patente de Invencion titulada

“COMPUESTOS DE DIALQUILFENILO CON
ACTIVIDAD AGONISTA DEL RECEPTOR BETA2
ADRENERGICO Y ANTAGONISTA DEL RECEPTOR

MUSCARINICO”
Solicitante : THERAVANCE INC.
Opositora : PROCAPS S.A.

Publicada en la Gaceta de la Propiedad Industrial
- N° 614 del 19 de marzo de 2010

Yo, CIELO ANGELA PENA RODRIGUEZ, abogada en ejercicio, identificada como
aparece al pie de su firma, con tarjeta profesional No. 82701 del Consejo Superior de
la Judicatura, en mi condicién de apoderada de la sociedlad PROCAPS S.A.
conformada bajo las leyes de la Republica de Colombia y domiciliada en la ciudad de
Barranquilla, Colombia, atentamente manifiesto que estando dentro del término de ley
y por orden expresa de mi representada, presento oposicion a la concesion del registro
de la Patente de Invencion titulada “COMPUESTOS DE DIALQUILFENILO CON
ACTIVIDAD AGONISTA DEL RECEPTOR BETA2 ADRENERGICO Y
ANTAGONISTA DEL RECEPTOR MUSCARINICO”, cuyo titular es

Catrera 13 N° 11995, Of. 104 Tel. (571)2 1312 13 - 62050 21 - Fax. (57T1) 6 12 19 79
E-mail: negocios@optimum-co.com - www.optimum-co.com
Bogota Colombia



THERAVANCE INC, y pido a Usted declarar fundada esta oposicion y en

consecuencia negar ¢l registro de la patente solicitada.

1. INTERES PARA ACTUAR

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 2000 de la
CAN, estando dentro del término estipulado por la ley, manifiesto el legitimo interés
de nuestra representada para oponerse al registro de la patente de la referencia,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
ley como se analizard mas adelante y de ser concedida afectaria directamente la
comercializacion de algunos productos de mi representada, que contienen, en
particular DERIVADOS DE BIFENIL. Por lo tanto, solicito respetuosamente a ese
Despacho se sirva tener en cuenta la presente oposicion dentro del tramite

administrativo que se surte en esta Superintendencia.

2. FUNDAMENTOS DE HECHOS

2.1. La solicitud objeto de la presentelfue presentada el 29 de octubre de 2008
reivindicando prioridad bajo la solicitud US20060794702P del 2006-04-25; y fue
publicada en Colombia, en la Gaceta de la Propiedad Industrial N° 614 del 19 de
marzo de 2010, cuya publicacion internacional corresponde a la WO2007/127196
del 2007-11-08.
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2.2.La solicitud colombiana 08 115666 objeto de la presente oposicion, se refiere a
compuestos de dialquilfenilo que son agonistas del receptor [beta] 2 adrenérgico y
antagonistas del receptor muscarinico. La solicitud se refiere también a
composiciones farmacéuticas que comprenden dichos compuestos, procesos vy
productos intermedios para la preparacion de tales compuestos y métodos de
utilizacion de estos compuestos, por ejemplo, para el tratamiento de trastornos

pulmonares.

2.3.En primera instancia, se debe advertir que en algunos apartes del capitulo
reivindicatorio de la solicitud objeto de la presente oposicion, se hace referencia un
método terapéutico, no solo a la composicion farmacologica o a un método de
tabricacion mediante la cual se obtenga un producto tangible y segun la legislacion,
decision 486 de la Comunidad Andina de Naciones, Articulo 14.- “Los Paises
Miembros otorgardn patentes para las invenciones, sean de producto o de procedimiento
(...)", los usos no estan contemplados como patentables; y, Articulo 20.- “No serdn
patentables (...) d) los métodos terapéuticos o quinirgicos para el tratamiento humano o
animal, asi como los métodos de diagnostico aplicados a los seres humanos o a animales”.
Solo serdan patentables los productos o procedimientos. Por lo tanto a luz de la

norma, dicha materia referente a un método terapéutico no seria patentable.

2.4.Con base en el articulo 14 de la Decision 486 de la CAN que consagra: “Los paises
miembros otorgardn patentes para las invenciones, sean de producto o procedimiento, en
todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean
susceptibles de aplicacion industrial”, tenemos que las invenciones objeto de patenre
deben ser nuevas y tener nivel inventivo. Bien, pues antes de la fecha de prioridad
de esta solicitud se encuentran los siguientes documentos que afectan la

patentabilidad de la presente solicitud:
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e DI:  US2004167167 publicada el 26 de agosto de 2004.

2.5. Ahora bien, el documento DI, se refiere a novedosos derivades bifenilo, que son
utiles para el tratamiento de ctrastornos pulmonares. La .invencion se refiere
también a composiciones farmacéuticas que comprenden tales derivados bifenilo,
procesos y productos intermedios para la preparacion de dichos derivados bifenilo
y métodos derivados de su uso para tratar los trastornos pulmonares. El documento
D1 ademas revela en el parrafo 008 que los compuestos tienen actividad agonista

del receptor [beta] 2 adrenérgico y actividad antagonista del receptor muscarinico.

2.6.Tomando el documento DI como muestra del estado del arte anterior a la
solicitud objeto de la presente oposicién, no es posible reconocer altura inventiva,
ya que seria obvio para un experto en la materia con la aplicacién de unas pruebas
conocidas a partir de dicho documento D1 concebir compuestos de dialquilfenilo
que son agonistas del receptor |beta] 2 adrenérgico y antagonistas del recepror
muscarinico, composiciones farmacéuticas que comprenden dichos compuestos,
procesos y productos intermedios para la preparacion de tales compuestos y
métodos de utilizacion de estos compuestos, por ejemplo, para el tratamiento de
trastornos pulmonares. Asi entonces las reivindicaciones de la solicitud objeto de la

presente oposicion, carecen de altura inventiva.

2.7.En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la solicitud
colombiana 08 115666 no puede pretender un monopolio por patente toda vez

que lo que pretende no cumple con dos de los tres requisitos necesarios para su

proteccion.

2.8. Que por consiguiente, respecto a la solicitud pretendida se tiene que:
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2.8.1.

2.8.2.

2.9.

CARENCIA DE ALTURA INVENTIVA. Segin la Decision 486 de la

Comunidad Andina de Naciones, Articulo 18.- “Se considerard que una invencién
tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia
técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese derivado
de manera evidente del estado de la técnica.”. A la fecha de prioridad, 25 de abril de
2000, a partir del documento D1 mediante pruebas conocidas, puede llegar de
manera evidente a compuestos de dialquilfenilo que son agonistas del receptor
[beta] 2 adrenérgico y antagonistas del receptor muscarinico, a composiciones
farmacéuticas que comprenden dichos compuestos, procesos y productos
intermedios para la preparacion de tales compuestos y métodos de utilizacion
de estos compuestos, por ejemplo, para el tratamiento de trastornos

pulmonares, sobre lo cual busca proreccion en el capitulo reivindicatorio.

CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de la CAN

consagra en su articulo 14 lo siguiente: “Los paises miembros otorgardn patentes
para las invenciones, sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicacion industrial”. La presente solicitud carece de aplicacion Industrial ya que
como se demostro anteriormente, en el capitulo reivindicatorio se reclaman
métodos terapéuticos y estos no son aplicables industrialmente porque primero
no se obtiene un producto o proceso; v segundo esto no es. reproducible o
repetible a escala industrial. Por lo tanto, el objeto de la presente solicitud
referido a un método terapéutico no cumple con el requisito de la aplicacion

industrial.

Dado lo anterior, es posible deducir que la solicitud y lo reivindicado no es

objeto de patentabilidad pues es contrario a lo que dicta la Decision 486 de la
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Comunidad Andina de Naciones, Articulo 14.- “Los Paises Miembros otorgardn
patentes para las invenciones, sean de producto o de procedimiento, en todos los campos de la
tecnologta, siempre que sean nueva;i, tengan nivel inventivo y sean susceptibles de aplicacién
industrial.”. La solicitud pretendida no cumple con dos de los tres requisitos de

patentabilidad.

2.10. Por todo lo anterior, atentamente solicito a usted que se sirva declarar
fundada la presente oposicion v en consecuencia negar el registro a la solicitud
de patente titulada “COMPUESTOS DE DIALQUILFENILO CON
ACTIVIDAD AGONISTA DEL RECEPTOR BETA2 ADRENERGICO Y
ANTAGONISTA DEL RECEPTOR MUSCARINICO” cuyo titular es
THERAVANCE INC, solicitud Colombiana que aparecié publicada en la
Gaceta de la Propiedad Industrial N° 614 del 19 de marzo de 2010.

3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener

como prueba en este asunto los siguientes:

e DI: US2004167167 publicada el 26 de agosto de 2004.

4. FU_NDAMENTO DE DERECHO
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Fundamento esta observacion en las normas legales siguientes:

4.1.  Numeral 1 del articulo 586 del Codigo de Comercio.

4.2.  Articulo 42 de la Decision 486 de la Comision del Acuerdo de Carragena.

4.3.  En las demas normas concordantes.

5. ANEXOS

Para los efectos correspondientes anexo al presente escrito los siguientes documentos:

l. Poder para actuar en el presente.

Documento que acredita al representante legal de PROCAPS S.A.

Recibo de caja del respectivo pago de tasa.

Rl o

Copias de los documentos:

e DI: US2004167167 publicada el 26 de agosto de 2004.
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6. NOTIFICACIONES

Para efectos de notificaciones que por disposicion del articulo 50 del Decreto
01 de 1984 debe hacer su Despacho, informo que mi representada y la suscrita

recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en la Carrera 13 Ne 11995, Of. 104 de esta ciudad de Bogota.

Senor Superintendente,

CIELO ANGELA PENA RODRIGUEZ
C.C. 51'940.252 de Bogota
T.P.A. 82701 del C.S. de la].
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3?0
Industria y Comercio
SUPERINTENDENCIA
2020
Bogota, D.C.,
Doctora: oficioN: &1 03 27
Dilia Maria Rodriguez D’Aleman =
Apoderada
ASUNTO: Radicacion PCT N°  08-115666
- Tramite 011
Evento 378
Actuacion 440
Folios 009

Con fundamento en lo previsto por el articulo 43 de la Decision 486 de la Comision de
la Comunidad Andina, se le comunica que la oposicién presentada por la doctora Cielo
Angela Pena Rodriguez, en su calidad de apoderada de Procaps S.A., retine los
requisitos formales exigidos por la ley al momento de su presentacién.

En cumplimiento de lo dispuesto en la citada norma, se le concede el término de
sesenta (60) dias habiles siguientes a la fecha de notificacion del presente oficio, para
gue haga valer sus argumentaciones y presente pruebas.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZ (:ESPEDES DE VERGEL -
Directora de Nueyas Creaciones (C).

3.3 260, 20"

El anterior oficio fue notificado por fijacidn en lista de fecha,

202021
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