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Re: P1. -MERCK FROSST CANADA LTD. V AXYS PHARMACEUTICALS. 

INC.-Solicitud de Patente de Invención en Fase Nacional PCT para 

"INHIBIDORES DE LA CISTEfN-PROTEASA CATEPSINA". -Clase 

A61K.-ExDediente nümero 04-085.271.-

1. Me refiero al auto dictado por ese Despacho notificado por fijación en lista de 2 

de Noviembre de 2007 y a mi memorial de plazo de Enero 28 de 2008. 

2. Con el fin de dar respuesta a las objeciones presentadas por el Seæor 

Examinador en su Concepto TØcnico No. 1975 sobre la patentabilidad de la presente 

solicitud en lo referente a claridad, unidad de invención, excepciones a la 

patentabilidad y falta de novedad, me permito dirigir su atención a las siguientes 

modificaciones y argumentos tØcnicos, por medlo de los cuales se superan 

completamente dichas objeciones. 

3. Claridad De la Solicitud. 

3.1 Descripción. 

El seæor Examinador objeta la claridad de la descripción de la presente 

invención seæalando que "Ia invención no se encuentra sustentada en el aparte 

descriptivo de la, soilcitud". El Seæor Examinador resalta que no se encuentran datos 

para los ensayos de inhibición de Catepsinas K, 5, B y L, y que "no se observa 

ninguna ventaja sobre los compuestos del estado de la tØcnica". 
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Sobre ese particular me permito manifestar que tal como fue presentada, Ia 

descripción es clara al revelar los compuestos materia de la presente solicitud, como 

me permito exponer a continuación: 

La descripción de la solicitud en estudio claramente enseæa nuevos compuestos 

que tienen actividad inhibitoria frente a catepsinas. Mas aun, como se ha presentado 

dicha descripción la persona versada en la materia podrIa entender quØ tipos de 

compuestos son considerados en la invención, cómo obtenerlos y su utilidad como 

inhibidores de cisteIn-proteasas. 

Dado el gran nÆmero de compuestos considerados (Ver por ejemplo pØginas 32 

a 63 de la descripción, o la reivindicación 9) es muy difIcil consignar en la descripción 

los resultados de los ensayos de inhibición obtenidos con todos los compuestos. Sin 

embargo, la descripción claramente manifiesta que los compuestos aquI revelados 

acthan como inhibidores de catepsinas (pØgina 63), y es claro aue dicha actividad 

ha sido comprobada DOF el solicitante. En este punto me permito resaltar lo 

preceptuado en el pØrrafo primero del ArtIculo 28 de la Decision Andina 486 de 2000, 

en relación con su literal C): 

"ArtIculo 28.- La descripción deberÆ divulgar la invención de manera 

suflclentemente clara v comDleta para su comnrensión v oara aue una 

persona canacitada en la materia tØcnica corresDondiente Dueda efecutarla. 

La descripción de la invención indicarØ el nombre de la invención e incluirØ la 

siguiente información: 

C) una descripción de la invención en tØrminos que permitan la comprensión del 

pro blema tØcnico y de la soluc!ón aportada por la invención, exponiendo las 

diferencias y eventuales ventalas con respecto a la tecnologIa anterior;" 

(Resaltado fuera de texto). 

A la luz del citado artIculo, la descripción de la presente solicitud es clara toda 

vez que la persona versada en la materia, a partir de dicha descripción, podrIa 

comDrender que la invención se relaciona con nuevos compuestos que sirven como 

inhibidores de catepsinas, y podrIa a partir de las especificaciones aIII consignadas 

realizar dichos compuestos y comprobar su actividad inhibitoria. 
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En este mismo sentido, me permito tamblØn seæalar lo que con respecto a la 

suficiencia de la descripción enseæa ci Manuel Andino para el Examen de Patentes: 

"El propósito de la  descripción es asegurar que por un lado, la solicitud 

contenga la suficiente información tØcnica para que una persona con conocimiento 

medio en el arte pueda poner en prÆctica la invención, y por el otro que esta 

divulgación sea suficiente para conocer el aporte que se estÆ haciendo a la 

tecnologIa".1 

Teniendo esto en consideración,  la descripción contiene elementos suficientes 

para que la persona con conocimiento medio en ci arte pueda liegar a los 

compuestos revelados y claramente se muestra que ci aDorte hecho por la invención 

es ci de proporcionar nuevos compuestos que presentan actividad como 

inhibidores de cisteIn-proteasas. 

Dc manera adicional a 10 anteriormente expuesto, y para sustentar la declarada 

actividad en Ia inhibición de catepsinas de los compuestos considerados en la 

solicitud en estudio, muy comedidamente me permito Ilamar la atención de ese 

Despacho a los siguientes documentos, de publicación posterior a la solicitud en 

estudio, que recogen gran nimero de datos experimentales a ese respecto. 

Documento Biooraanic & Medicinal Chemistry Letters 15 (2005) 

4741-4744. Dicho documento muestra cómo ci reempiazo del enlace 

amIdico por ci grupo CF3 en compuestos que presentan aiguna actividad 

como inhibidores de catepsina, resulta en ventajas de potencia y 

selectividad en la actividad inhibitoria. 

El citado documento muestra que ci reemplazo del grupo carbonilo de la 

amida por un CF3 hace que la no- basicidad del nitrógeno amIdico se 

mantenga permitiendo ci enlace de puente de hidrógeno del compuesto 

con la Glicina66 de la catepsina K, ci cual es importante para la inhibición. 

La tabla 1 de dicho documento muestra cómo los compuestos que 

incluyen un grupo CF3, como los revelados en la presente solicitud, tienen 

1 Secretaria General de la Comunidad Andina "Manual para el examen de solicitudes de patentes 
de invención en las oficinas de propiedad industrial de los palses de ía Comunidad Andina". 
Lima, 2004. PÆgina 33. 
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una actividad y/o selectividad mayor como inhibidores de catepsinas, 

comparados con sus anâlogos estructurales que contienen el enlace amida 

(siendo de 10 a 20 veces mÆs potentes). 

Me permito seæalar especIficamente el compuesto 8 de dicha Tabla 1, el 

cual es uno de los posibles estereoisómeros del ejemplo 7 de la solicitud 

en estudlo, que muestra una selectividad alta con respecto a la inhibición 

de Ia catepsina K (hasta 10.000 veces mayor que para otras catepsinas) y 

un IC50 muy bajo, :!? 5 pM. Esto demuestra la efectividad de los 

compuestos revelados en la presente solicitud como inhibidores de 

catepsina y sus ventajas con respecto a los revelados en el estado de la 

tØcnica. 

Table 1. Potency of inhibitors in purified enzyme assays 

Compound 

Cat K’ 

ICss (nM)’ 

cat B Cat Lc cat Sc 

2 Il 3950 3725 2010 
3 1.0 123 352 102 
6 1.3 3353 34 121 
7 7.3 2477 84 145 
8 0.005 1111 47 451 
9 4.6 >10,000 68 902 

w 0015d 344 26 120 
12 0.6 1050 3903 >10.000 
13 5.0 >10.000 >10,000 >10,000 
14 0.4 614 2274 >10,000 

ICO are an average of at least two independent titrations. See Ref 15 
for assay conditions. 

"Humanized rabbit enzyme. 
’Human enzyme. 
d Low enzyme conditions see Ref 12. 

Por otra parte, la actividad que presentan los compuestos considerados en 

la presente solicitud como inhibidores de la actividad de catepsinas es 

tamblØn consignada en el documento Biooraanic & Medicinal 

Chemistry Letters 16 (2006) 1985-1989. La tabla 3 del citado 

documento resume las actividades in Vitro de una serie de compuestos de 

la invención. 

Dentro de esta tabla se muestra como el compuesto 1 (ejemplo 3 de la 

solicitud en estudlo) presenta una alta selectividad frente a Ia catepsina K, 

teniendo una alta actividad inhibitoria con un IC50 :!? 50 pM. De igual forma 

compuestos como el ejemplo 9 de la presente solicitud (compuesto 23 en 

la tabla 3) o el ejemplo 6 (compuesto 27 en la tabla 3) presentan una alta 

actividad y selectividad en la inhibición de la catepsina K. 
4 
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Table 3. In vitro activity of representative P3 analogs 

Compound P. 

Cut 1b Cat B 

tC(nM) 

Cut L Cal S Bane res 

I 4-Pipeeaein.1.yl phenyl 0A8)S Ill I 47 451 12 
12 Phenyl 0.2 1605 1473 303 44 
13 2.fluorophenyl 0.1 6086 1670 614 28 
14 3.Fluorophauyl 0.5 2476 2792 278 67’ 
15 4.Ruomphenyl 0.6 5939 887 449 29’ 
16 3.4.Difluoropheayl 1.1 8869 1001 189 48’ 
17 3,5.Dilluompheuyl 6 >18.000 3802 249 nd. 
18 4.Methylphenyl 0.3 1337 609 282 27’ 
19 4.MethoxypjjnJ 0.1 1664 560 196 nd. 
20 4Cyauophenyl 0.9 7302 3141 in 
21 4.(Methyllhio)plienyl 0.2 1400 524 153 50 
22’ 44Mcthylauhbllyhphenyl 0.2 5239 264 17$ 13 
23 44Amnosu11ny1)phenyl 0.2 156i 470 154 52 
24 3-(Methyisulfonyliphesiyl 0.3 6984 1460 265 53 
25 Phenoxy 2.3 >10,000 771 220 $8’ 
26 Benioyl 1.5 >10,000 1915 254 151’ 
27 Pyiidiu-4-y) 0.3 2374 80 62 19 
28 3-Thianyl 0.2 1155 1475 365 73’ 
29 1,3.Thiazol.2.yl 0.3 4818 878 240 52 
SI) 3Me1hyi.l,2,4..ozadiaaol.5.y1 2.6 4073 314 436 118’ 
SI Pyrimidin-2.yl 44 5903 1857 169$ 83’ 
32 4’OI1-Iudol-4.yl) 0.4 4699 3047 607 80’ 
334’.(Melhyleullbny)biphenyl4.yl 1.2 1873 2422 653 51 

34 4-Pyrldin-4y1.plienyl <0.2 483 342 18$ 14" 

lCsss are an average of at least two indepmdent thOitiOnS unims speeslied otherwise. 
"Humanized rabbit enzyme (Ref. 3), see Ref. 6 for assay conditions. 
vkabbit bone resorption assay, we Ref is for assay conditions, 
’ 1C,,wws determined at a eonsamtmtron of JO pM en.eynse. 
’This value likely represents the lower limit 01 the assay. 
L.873724. 
11 = I. n.d. =not determined. 

Adicionalmente, el citado documento muestra como el compuesto 22 (L-

873724), que se encuentra dentro de los considerados en la presente 

solicitud, tiene una buena farmacocinØtica, presentando biodisponibilidad 

oral, no-lisosomatropismo y eficacia en la resorción de hueso en el modelo 

de monos rhesus. 

En este orden de ideas, el documento ChemBioChem. 2006,7, 1525-

1535, consigna igualmente la actividad en Ia inhibición de catepsinas de 

los compuestos considerados en la presente invención. En la tabla 7 de 

dicho documento se registran datos de la actividad inhibitoria de varios 

compuestos considerados en la presente solicitud, frente a catepsinas K, 

B, L, y S, su influencia en la resorción de hueso y su comportamiento 

farmacocinØtico en ratas. En la citada tabla 7, se observa como los 

compuestos presentan alta actividad con respecto a las catepsinas K, L y 

S, mostrando una mayor selectividad con respecto a la catepsina K, con 

valores de IC50 desde 0,9 hasta 0,2 nM. Es igualmente evidente que la 

presencia de una sulfona o una sulfonamida en la posición 4 del bifenilo de 

la molØcula (compuestos 26 y 27 de la tabla 7) produce un 

5 
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comportamiento farmacocinØtico que los hace ventajosos frente a otros 

compuestos conocidos en el estado del arte. 

El documento ademØs seæala que, aunque las catepsinas se localizan en 

compartimientos acIdicos, se ha demostrado que los inhibidores 

lisosomatrópicos no presentan una alta potencia como inhibidores de la 

catepsina K. Los compuestos de la presente invención, al ser inhibidores 

no bÆsicos tienen una potencia alta (sub nanomolar) al inhibir dicha 

catepsina K, mostrando de igual forma una alta selectividad sobre otros 

tipos de catepsinas. 

. De otro lado, un documento mØs reciente, Biooraanic & Medicinal 

Chemistry Letters 18 (2008) 923-928, muestra tambiØn ensayos de 

inhibición de catepsinas con compuestos seleccionados de la solicitud en 

estudio. La tabla 1 de dicho documento incluye compuestos como el 

ejemplo 38 de la presente solicitud (compuesto 19 en la tabla 1), el 

ejemplo 14 (compuesto 23 en la tabla 1) y el ejemplo 15, considerado en 

la reivindicación 10 de la solicitud en estudio, (compuesto 24 de Ia tablal, 

odanacatib). Dicha tabla confirma nuevamente la alta actividad y 

selectividad que presentan los compuestos de la presente invención como 

inhibidores de la catepsina K, con valores de IC50 del orden de 0,2 nM. 

El documento igualmente revela, como el compuesto 24 (odanacatib, 

ejemplo 15 de la solicitud en estudio) tiene una mayor selectividad a la 

catepsina K ain en estudios en cØlula completa, comparado con otros 

inhibidores conocidos en el estado del arte como son el balicatib y el 

relacatib (Tablas 2 y 3). El odanacatib presenta, ademØs, una alta 

actividad en resorción de hueso, una excelente estabilidad metabólica y, 

debido a su selectividad, una disminución en la indeseada acumulación de 

colÆgeno en fubroblastos dØrmicos (Figura 2 del citado documento); siendo 

asI un candidato muy atractivo para el tratamiento de osteoporosis. 
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Figure 2. Effect of balicalib, rIacatib, and odanacattib on the 
intracellular accumulation of Type I collagen in cultured primary 
human dermal Iibrobh*els. The data represent the avcragc– SID for at 
Mast a = 2 cxperilncnls for each inhibitor. A similar profik was 
observed using cells from a second donor. 

Dicha utilidad en el tratamiento de la osteoporosis del odanacatib, es de 

igual forma seæalada en el documento Clinical pharmacology & 

Therapeutics, Vol. 83, enero 2008.172-176, donde se resalta que en 

los estudios clInicos en pacientes post-menopÆusicas, el Odanacatib ha 

mostrado ser seguro y bien tolerado, sin presentar tendencia a efectos 

secundarios dependientes de Ia dosis, permitiendo un aumento en la 

densidad mineral ósea en el cuello femoral del 2,5% cuando se emplea 

una dosis semanal de 50mg. 

Por ciltimo, me permito selialar que todos los datos anortados 

anteriormente. contenidos en los documentos citados, 

corniruebanJa utilidad de los comouestos revelados en la solicitud 

en estudio como inhibidores de catepsinas, soportando Ia que a ese 

respecto ensefia la descripción de la presente solicitud. 

Para concluir mi argumentación en torno a  la claridad de Ia descripción, 

me permito manifestar que los argumentos expuestos anteriormente han 

demostrado que la Østa es clara v suficiente al revelar la invención, toda 

vez que la persona versada en la materia podrIa, a partir de dicha 

descripción, comprender que la materia reclamada se refiere a nuevos 

compuestos que presentan actividad como inhibidores de cisteIn-

proteasas, y que dicha persona versada en la materia podrIa desarrollar 

dichos compuestos y reconocer su aporte al estado de la tØcnica a partir 

de las enseæanzas consignadas en dicha descripción. Sumado a lo 
7 
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anterior, los documentos citados proporcionan datos que soportan las 

revelaciones que hace la descripción de Ia presente solicitud con respecto 

a la actividad y ventaja sobre el estado de la tØcnica de los compuestos 

aqul revelados. De esta forma, la descripción de  la presente solicitud 

cumole lo DreceDtuado en el Articulo 28 de la Decision Andina 486 

de 2000. 

3.2. Reivindlcaclones. 

De igual forma, el seæor Examinador objeta la claridad del capItulo 

reivindicatorio seæalando que existen tØrminos muy amplios que no permiten definir 

los compuestos de la presente solicitud. AdemÆs presenta objeciones especIficas 

sobre ciertas reivindicaciones por considerarlas redundantes. 

Teniendo en consideración dichas objeciones es deseo del solicitante modificar 

el caDItulo relvindicatorio para aiustarlo a los Ilneamientos de claridad 

oreceotuados en el Articulo 30 de Ia DecisIon 486 de 2000. De esta forma el 

caoItulo reivindicatorio aueda constituido de quince (15) relvindicaciones. 

Me permito manifestar que las modificaciones mencionadas no amplIan de 

manera alguna el alcance de la invención toda vez que las mismas encuentran pleno 

sustento en la descripción de  la solicitud, tal como me permito seæalar a 

continuación: 

Reivindicación 1. Acatando las objeciones del Seæor examinador se ha 

restringido el signiflcado de R7 al caso en el cual corresponde a hidrógeno, 

alquilo C1...6, -S02R12, -SO(R12), -OS02R’°,  SOmN(Rc)(Rd), SOmCH 

(R10)(R11), o SOm(RC)(Rd); de igual forma y con elfin de hacer mayor 

claridad sobre los compuestos reclamados, se introdujo en esta 

reivinducación la definición de los tØrminos "arilo" y "heteroarilo" 

consignadas en la descripción. Adicionalmente, por un error involuntario 

en la traducción de la solicitud, la  correspondencia de n fue escrita como 

"entre un nümero entero de cero a tres", y no "entre un nümero entero de 

MQ a tres" como se encuentra consignado en la reivindicación 1 de la 

solicitud internacional (PCT/US03/06147, pØgina 230). Este error es 

corregido para ajustar Ia equivalencia de n a la solicitud internacional. 

8 
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De esta forma, la nueva reivindicación 1 se lee como sigue: 

"La presente invención se reflere a corn puestos de la siguiente 

formula qulmica: 

6 5 

;R4 R3 I;I 

N(
 

o 

R>’cR1 

en la que R1 es hidrógeno,  alquilo C1..6 o aiquenilo c2..6 donde dichos 

grupos alquilo y aiquenilo estÆn opcionalmente sustituidos con de uno a 

seis halo, cicloalquio C3..6, -SR91 -SR12, -SOR9, -SOP12, -S02R9, -S02R12, 

-SO2CH(’R12)(R11), -OR 12 
, -OR91 -N(R12)2, arilo, heteroario o 

heterociclilo donde dichos grupos arilo, heteroarilo y heterociclilo estÆn 

opcionalmente sustituidos con uno o dos sustituyentes seleccionados 

independientemente entre alquilo C1 -6, halo, hidroxialquilo, hidroxi, 

alcoxi 0 ceto; 

p2 es hidrógeno,  alquilo C1..6 o aiquenio C2..6 donde dichos grupos 

alquilo y aiquenilo estÆn opcionalmente sustituidos con de uno a seis 

halo, cicloalquio C3..6, -SP91 -SR12, -SOP9, -SOP12, -SO2R91 - 

S02R12, -S02CH(R12)(R11), -OR 12, - OR91 -N(R12)2, arilo, heteroario o 

heterociclio donde dichos grupos arilo, heteroanio y heterociclilo estØn 

opcionalmente sustituidos con uno o dos sustituyentes seleccionados 

independienternente entre alquilo C1 -6, halo, hidroxialquilo, hidroxi, 

alcox! 0 ceto; 

o R y R2 pueden tornarse junta con el Ætorno de carbono al que 

estÆn unidos para forrnar un an/I/o cicloalquio c3..8 a heterociclilo donde 

dicho sistema de anillos estÆ opcionalmente sustituido con uno o dos 

sustituyentes seleccionados independienternente entre alquilo C1-6, 
hidroxialquilo, haloalquio, o halo; 

P3 es hidrógeno,  alquilo C1..6 o aiquenio C donde dichos grupos 

alquilo y aiquenio estØn opcionalmente sustituidos con cicloalquio C3..6 

o de uno a seis halo; 

R4 es hidrógeno,  alquilo C1..6 o aiquenio C2..6 donde dichos grupos 

alquilo y alquenio estØn opcionalmente sustituidos con cicloalquio C3..6 

o de uno a seis halo; 
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o R 3 y R4 pueden tomarse junto con el Ætomo de carbono al que 

estÆn unidos para formar un anillo cicloalquilo C3..8, anhllo C5..8 

cic!oalquenilo, 0 un heterocic!i!o de cinco a siete miembros donde 

dichos grupos cicloalquilo, cicloa!queni!o y heterocic!io estØn 

opcionalmente sustituidos con uno o dos sustituyentes seleccionados 

independientemente entre a!quilo C1..6, halo, hidroxiaiquilo, hidroxi, 

alcoxi o ceto; 

R5 se selecciona entre hidrógeno o alquilo  C1..6 sustituido con halo 

1-6; 

R6 es arilo, heteroarilo, haloa!qui!o c1..6, ari!a!qui!o o 

heteroarilalquilo, donde dichos grupos arilo, heteroarilo, arilalquilo y 

heteroarila!quilo estØn opcionalmente sustituidos con uno, dos o tres 

sustituyentes seleccionados independientemente entre halo, alquilo C1.. 

6, haloa!qui!o C1..6, cicloalquilo C3..6, haloalcoxi, -SR9. -SR, -SOP91 - 

SoF  12 , -so2R9, S02R12, -S02CH(R12)(R11), -OR 12, -N(R10)(R11), 

ciano, o arilo que estØ opcionalmente sustituido con 

cada D es independientemente alquilo C1..3, alquenilo C2..3, aiquinilo 

C..3, arilo, heteroarilo, cicloalquilo C3..8 o heterociclllo donde cada uno 

de dichos grupos arilo, heteroarilo, cicloalquilo y heterocicli!o, que 

pueden ser monocIclicos o bicIclicos, estÆn opcionalmente sustituidos 

sobre el Ætorno de carbono o el heteroÆtomo con de uno a cinco 

sustituyentes seleccionados independientemente entre alquilo C1..6, 

haloalquilo, halo, ceto, alcoxi, -SR9, -SR 12, -OR9, -OR 12, -N(R12)2, - 

S02R9, o -S02R10; 

R7 es hidrógeno,  alquilo C1..6, -502R12, -SO(R12), -OS02R101 - 

SOrnN(Rc)(Rdi), -SOmCH(R10)(R), o 5Om(Rc)(R); 

es hidrógeno o alquilo  C1..6; 

o P4 y R8 pueden tornarse junto con cualquiera de los Ætomos a los 

que pueden estar unidos para formar un sistema de anillos heterociclilo 

de 4-10 miembros donde dicho s/sterna de anillos, que pueden ser 

monocIclicos o bicIclicos, estÆ opcionalmente sustituido con uno o dos 

sustituyentes se!eccionados independientemente entre alquilo C1..6, 

halo, hldroxialqui!o, hidroxi, ceto, -0R10, -5R10 o -N(R10)2; 

P9 se selecciona entre el grupo corn puesto por hidrógeno, 

arilo, aril-alquilo (C1..4), heteroarilo, heteroaril-alquilo (C1..4), cicloalquilo 

C3.., cic!oa!quIl C3-8-alquilo (C1..4) y heterocicli!-alquilo (C1..4) donde 

dichos grupos pueden estar opcionalmente sustituidos con uno, dos o 
10 
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tres sustituyentes seleccionados independientemente entre halo, alcoxi 

o SO2R; 

R1° es hidrógeno o alquilo, C1..6 
pU es hidrógeno o alquilo C1..5; 

p12 es hidrógeno o alquilo C1..6 que estØ opcionalmente sustituido 

con uno, dos o tres sustituyentes seleccionados independientemente 

entre halo, alcoxi, ciano, -NP1° o -SR10; 
pa es hidrógeno, alquilo C1..6, (alquil C1..6)arilo, (alquil C1..6)hidroxilo, 

-O(alquil C1..6), hidroxilo, halo, arilo, heteroarilo, cicloalquilo 

heterociclilo, donde dicho alquilo, arilo, heteroarilo, cicloalquilo C3..8 y 

heterociclilo pueden estar opcionalmente sustituidos sobre el carbono o 

el heteroÆtomo con uno, dos o tres sustituyentes seleccionados 

independientemente entre alquilo C1..6 o halo; 

es hidrógeno,  alquilo C1..6, (alquil C1..6)arilo, (alquil C1..6)hidroxilo, 

alcoxilo, hidroxilo, halo, arilo, heteroarilo, cicloalquilo C3-8 0 

heterociclilo, donde dicho alquilo, arilo, heteroarilo, cicloalquilo y 

heterociclilo pueden estar opcionalmente sustituidos sobre el carbono o 

el heteroÆtomo con uno, dos o tres sustituyentes seleccionados 

independientemente entre alquilo C1..6 o halo; 

o Ra y Rb pueden tomarse junto con el Ætomo de carbono al que 

estÆn un/dos o los que estÆn entre ellos para formar un anillo 

cicloalquilo C3..8 o un anillo C3..8 heterociclilo donde dicho sistema de 

an/lbs de 3-8 miembros puede estar opcionalmente sustituido con uno 

o dos sustituyentes seleccionados independientemente entre alquilo C1.. 

6 y halo; 
pC es hidrógeno o alquilo C1..6 que estÆ opcionalmente sustituido 

con uno, dos o tres sustituyentes seleccionados independientemente 

entre halo o -OR9; 
pd es hidrógeno o  alquilo C1..6 que estÆ opcionalmente sustituido con 

uno, dos o tres sustituyentes seleccionados independientemente entre 

halo o -OR9; 

o R , 
pd pueden tomarse junto con el Ætomo de nitrógeno al que 

estÆn unidos o los que estÆn entre el/os para formar un an/I/o C3..8 

heterociclilo, que estÆ opcionalmente sustituido con uno o dos 

sustituyentes seleccionados independientemente entre alquilo C1..6, halo 

h/droxialquio, hidroxi, alcoxi o ceto; 

11 
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n se selecciona independienternente entre un nÆrnero entero de uno 

a tres; 

cada rn se selecciona independienternente entre un nÆmero entero 

de cero a dos; 

donde "ario" es cualquier anillo de carbonos rnonocIclico o bicIclico 

estable de hasta 12 Ætornos en cada anhllo, donde a menos un anhlo es 

arornÆtico; y "heteroarilo" representa un anillo monocIclico, bicIclico o 

tricIclico de hasta 10 Ætornos en cada anillo, donde al menos un anillo 

es arornØtico y contiene de 1 a 4 heteroÆtomos seleccionados entre el 

grupo corn puesto por 0, N y S. 

y las sales estereoisómeros y derivados de N-ox/do 

farmacØuticarnente aceptables de los misrnos." 

Me permito, ademâs, seæalar que [as equivalencias de todos los sustituyentes 

del compuesto de formula 1 se encuentran plenamente sustentados en la 

descripción, donde se muestran 38 ejemplos de sIntesis y se consideran 

especIficamente mÆs de 450 compuestos Cal igual que en la reivindicación 9). 

La persona versada en la materia al referirse a estos compuestos podrIa 

comprender la diversidad de posibles sustituyentes que conforman los compuestos 

que se estÆn reclamando, y reconocer que no es posible limitar mâs el significado de 

dichos sustituyentes sin excluir algunos de los compuestos especIficamente 

seæalados. 

Como ejemplo de esto me permito mostrar [as equivalencias de los 

sustituyentes correspond ientes a algunos de los compuestos especIficos revelados en 

la solicitud en estudio: 

Ejemplo 15 (odanacatib) 

R’ y R2 = anillo cicloalquilo C3 

R3 =H 

12 

R4 = alquilo C4 sustituido halo 1 

R5 = H 

= halo alquilo C1 

R8 = H 

n=2 

D = arilo 

R7= -S02R12 

R’2= alquilo C1 
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CF, 

N4 

N 
Nl-? 

CE N 

Br 

Ejemplo 23 

R1 y R2 = H 

R3 = H 

R4 = alquilo C3 

R5 = H 

R6 = halo alquilo C1 

R8 = H 

n=1 

D = arilo sustituido halo 

13 

Ejemplo 36 

R1 y R2 = anhllo cicloalquilo C3 

R3 = H 

R4 = alquilo C4 

R5 = H 

R6 = heteroarilo de cinco miembros 

con 2 heteroÆtomos S y N 

R8 = H 

n=2 

D = arilo y arilo di halo sustituido 

Ejemplo 20 

R1 y R2 = H 

R3 = H 

R4 = alquilo C4 

R5 = H 

R6 = arilo disustituido halo 

R7 = 

R8 = H 

n=2 

D = arilo 

R7= -S02R12 

R12= alquilo Ci 
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As( los signiflcados de todos los sustituyentes considerados en la 

reivindicación uno se encuentran sustentados en la descripción y son claros at 

definir el objeto de la presente invención. 

Reivindicaciones 2 a 4. Estas reivindicaciones no han sido modificadas y 

corresponden a las originalmente presentadas. 

Reivindicación 5. Al igual que en  la reivindicación 1, con el fin de 

clarificar los compuestos reclamados, se introduce el significado de los 

tØrminos "arilo" y "heteroarilo". 

Reivindicaciones 6 y 7. Estas reivindicaciones no han sido modificadas y 

corresponden a las originalmente presentadas. 

Reivindicación 8. Al igual que en las reivindicaciones 1 y 5, se introduce 

el significado de los tØrminos "arilo" y "heteroarilo". 

Reivindicaciones 9. Se modifica el encabezado de esta reivindicación 

haciØndola independiente. De esta forma el encabezado se lee "Un 

compuesto seleccionado entre:" Todos los compuestos aqul 

relacionados se encuentran consignados en Ia descripción (pÆginas 32 a 

62). 

Reivindicaciones 10 a 13. Estas reivindicaciones no han sido 

modificadas y corresponden a las originalmente presentadas. 

. Reivindicación 14. Acatando la sugerencia del seæor examinador se 

introduce el tØrmino en una cantidad terapØuticamente eflcaz", at 

referirse al compuesto de la reivindicación 1. 

Reivindicación 15. Teniendo en consideración  la objeción de claridad 

expuesta por el Seæor Examinador con respecto a esta reivindicación, 

es deseo del solicitante eliminarla del capitulo reivindicatorio. 

Reivindicación 16. Tomando en cuenta la obJeción expuesta por El 

Seæor Examinador con respecto a esta reivindicación por referirse a un 

14 
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procedimiento que no detalla pasos, es deseo del solicitante 

eliminarla del capItulo reivindlcatorio. 

Reivindicaciones 17 a 21. Acatando la objeción expuesta por el Seæor 

Examinador con respecto a estas reivindicaciones, por considerar 

mØtodos terapØuticos, es deseo del solicitante eliminarlas del 

caoltulo relvindlcatorio. 

Reivindicación 22 (Nueva reivindicación  M. Considerando la objeción 

del Seæor Examinador con respecto a la claridad de esta reivindicación, 

se han especificado los tipos de agentes que pueden acompaæar al 

compuesto de la reivindicación 1 en la formulación farmacØutica. Todos 

los compuestos aqul relacionados son mostrados en la descripción como 

los principios activos preferidos en las composiciones farmacØuticas que 

contienen los compuestos de la reivindicación 1 (PØginas 69 a 80). 

Reivindicaciones 23 y 24. Acatando la objeción expuesta por el Seæor 

Examinador con respecto a estas reivindicaciones, por considerar 

mØtodos terapØuticos, es deseo del solicitante eliminarlas del 

caoItulo relvindicatorlo. 

Reivindicación 25. Tomando en cuenta la objeción expuesta por El 

Seæor Examinador con respecto a Ia claridad de esta reivindicación, es 

deseo del solicitante eliminarla del caDitulo relvindicatorio. 

Reivindicaciones 26 a 28. Considerando la objeción expuesta por el 

Seæor Examinador con respecto a estas reivindicaciones, por considerar 

mØtodos terapØuticos, es deseo del solicitante eliminarlas del 

caoItulo relvindicatorio. 

Me permito seæalar que las modificaciones realizadas en el capItulo 

reivindicatorio clarifican completamente los compuestos reclamados en la solicitud 

en estudio, encontrÆndose por tanto dicho capitulo dentro de las consideraciones 

del ArtIculo 30 de la Decision Andina 486 de 2000. 

15 
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4. Unidad de Invención. 

Por otra parte el seæor examinador asegura que la presente solicitud carece 

de unidad de invención, seæalando que no hay una caracterIstica tØcnica comün 

entre los compuestos reclamados dado que "cada terminación en el radical R7 

(grupos 1-8) le confiere al compuesto diferentes caracterIsticas y propiedades 

quImicas, modos de acción y efectos diferentes" 

Sobre este particular me permito seæalar que todos los compuestos 

considerados en la presente solicitud comparten una estructura bÆsica comün, que 

hace que tengan una relación estructural que los convierte en una sola unidad de 

i nvención. 

Este hecho es mâs evidente a la Iuz de las modificaciones realizadas en la 

reivindicación 1, donde se limita el nümero de posibles significados de R7, 

haciendo aue este QFUDO no oueda ser mÆs Imoortante oue el esoueJeto 

central. 

Me permito presentar como muestra de este hecho [as estructuras de los 

ejemplos 15, 20, 23 y 36 antes mencionados, donde es evidente que i 

estructura -principal es un derivado de un a-amlnoÆcldo pue tiene un 

nitróaeno sobre el carbonilo. Dicho nitrógeno se encuentra a su vez unido a un 

carbono que soporta un grupo ciano. El nitrógeno a al carbonilo se une a un 

carbono que sirve de puente a un grupo que puede ser alifÆtico o al menos un 

anillo aromâtico. 

En la figura se resalta la estructura comün que presentan todos los 

compuestos considerados en la solicitud en estudio: 

16 
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Ejemplo 15 

r------------- 
’s I 

_ 

fl __________ 

Ejemplo 23 

Ejemplo 36 

Me permito seæalar que todos los compuestos considerados en la solicitud en 

estudio comparten este mismo "esqueleto" central en su estructura, y que ip 

sustituventesadlcionales. aunaue oresentan influencia an la actividad del 

compuestp. no son estructuralmente mÆs importantes aue la- unidad 

central comün. De esta forma, todos los compuestos revelados en la presente 

solicitud pueden considerarse derivados de una misma unidad estructural. 

Esto es igualmente visible en los documentos adicionales citados 

anteriormente y que se adjuntan con este memorial, donde se expone de forma 

clara cómo todos los comouestos mantlenen una relaclón estructural, y que 

a pesar de los cambios de sustituventes su actividad como inhibidores de 

cateDsinas, dicha estructura es semelante. 

Teniendo en consideración 10 anteriormente expuesto, me permito 

manifestar que todos los compuestos de la invención comparten una misma 

estructura central y, por 10 tanto, se constituven en una sola unidad de 

Invención. 

17 
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5. Novedad. 

Finalmente, el Seæor Examinador objeta Ia novedad de la solicitud en estudio 

frente a las enseæanzas del documento CO-03104808 (Dl), que revela 

compuestos que tienen actividad como inhibidores de catepsina S. Con respecto a 

dicho documento el Seæor Examinador declara que compuestos especIficos 

considerados en Dl "son iguales a compuestos de la presente solicitud, tras hacer 

los reemplazos respectivos de sustituyentes" Ademâs, el Seæor Examinador 

seæala "Si se mira la reivindicación 1 de dicha anterioridad, se puede apreciar que 

puede haber mÆs compuestos idØnticos a compuestos de la actual solicitud, al 

hacer los correspondientes reemplazos de grupos sustituyentes." 

A ese respecto me permito manifestar que, teniendo en consideración los 

significados de todos los sustituyentes incluidos en la formula 1 de la solicitud en 

estudio, no existe la posibilidad pue compuestos revelados en Dl se 

encuentren incluidos dentro de los compuestos de la Dresente solicitud, 

como me permito mostrar a continuÆción: 

Tenga en cuenta que oara aue los comouestos considerados en Dl 

Dudleran estar dentro de los reclamados en la oresente solicitud se 

reauerirIa pue no existiera tin pruo D en la molØcula, es decir aue n 

fuera ipual a cero. Como se mencionó anteriormente, en la reivindicación 1 el 

valor de n fue erróneamente consignado como "entre un nümero entero de cero a 

tres", y no "entre un nümero entero de MQ a tres" como se encuentra escrito en 

la reivindicación 1 de  la solicitud internacional (PCT/US03/06147, pÆgina 230). De 

esta forma, teniendo en cuenta la corrección realizada en la reivindicación 

1 con respecto al sicinificado de 
n, 

no existe Dosibilidad ciue ninciuno de 

los compuestos considerados en Dl corresoonda a algün comDuesto de 

los revelados en la solicitud en estudio. 

Como ejemplo de lo anteriormente expuesto, me permito puntualizar en una 

de las molØculas que fueron seæaladas por el Seæor Examinador como iguales a 

algunas de las consideradas en Ia presente solicitud: 

18 
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R4 R3 
R5 

’(Th HH CH3H 
C=N 

R1 

R8 R2 

Compuesto de Dl 
En la figura se 

R5 R R3 
6 

muestra 

las?*

 
R8 

Formula I presente solicitud 

correspondencias de los sustituyentes presentes en el compuesto considerado en 

el documento Dl con los sustituyentes de la formula 1 de la solicitud en estudlo. 

Como lo seæala el Seæor Examinador los posibles significados de estos 

sustituyentes podrIan construir la molØcula mostrada. Sin embargo, la ünica 

oosibllldad oara auedlcho compuesto de Dl fuera narte de los revelados 

en la solicitud en estudio as pue no exista ninqün aruno D ni R7 en la 

molØcula. Como se mencionó anteriormente, al corregir el error material 

cometido en la reivindicación 1, es claro aue el valor de n no nuede ser cero, 

por 10 cual ter,drIa que existir al menos uno grupo D en la molØcula. De esta 

forma, el carbono adyacente al nitrógeno amInico (marcado en la figura con *) 

necesariamente es terciario (o cuaternario), y no secundarlo como en el 

compuesto correspondiente a Dl. 

Esta diferencia en el nümero de sustituventes sobre el carbono 

advacente al nitróQeno aminico excluve comnietamente laposibilidad de 

pue los comnuestos revelados en la solicitud en estudio nuedan estar 

incluldos dentro de los comnuestos considerados en Dl. 

El anÆlisis anterior es vÆlido para todos los compuestos considerados en Dl y 

seæalados como equivalentes a los de la presente solicitud por el Seæor 

Examiriador. De esta forma dichos comnuestos de Dl son diferentes can 

resnecto p los considerados en la solicitud en estudlo. 

19 
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Considerando lo anteriormente expuesto, me permito resaltar que los 

compuestos considerados en la presente solicitud no nueden estar incluidos en 

el citado documento Dl, siendo por lo tanto Ia presente solicitud 

novedosa frente a las enseæanzas de dicho documento Dl, v cumnliendo 

con los repuisitos exiciidos por el ArtIculo 16 de la Decision Andina 486 de 

2000. 

6. Conclusion. 

Finalmente, me permito manifestar que los argumentos expuestos con 

respecto a la claridad del capItulo descriptivo, junto con las modificaciones 

realizadas sobre el capItulo reivindicatorio, han mostrado que la presente 

solicitud es clara y suficiente para describir Ia invención reclamada. 

De igual forma, los argumentos tØcnicos discutidos mostraron que todos los 

compuestos considerados en la presente solicitud incluyen una estructura quImica 

comCjn, haciendo que se constituyan en una sola unidad de invención. 

Sumado a lo anterior, los argumentos expuestos con respecto al documento 

Dl junto con dichos cambios en el capItulo reivindicatorio, excluyen de manera 

absoluta Ia posibilidad que los compuestos materia de Ia presente invención se 

encuentren incluidos en aquellos revelados en el documento Dl, demostrando i. 

novedad de Ia presente invención frente all estado del arte mÆs próximo. 

7. Anexo me permito presentar: 

(a) Recibo ncimero 08-17.033, expedido por la Superintendencia de 

Industria y Comercio, que acredita el pago de las modificaciones 

mencionadas; 

(b) Copia del nuevo capItulo reivindicatorio, en el cual se han realizado las 

modificaciones expuestas anteriormente; y 

(c) Copia de los documentos Bioorganic & Medicinal Chemistry Letters 15 

(2005) 4741-4744, Bioorganic & Medicinal Chemistry Letters 16 (2006) 

1985-1989, ChemBioChem, 2006,7, 1525-1535, Bioorganic & Medicinal 

Chemistry Letters 18 (2008) 923-928, Clinical pharmacology & 

Therapeutics, Vol. 83, enero 2008,172-176, referenciados en el texto. 
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8. En vista de todo lo anterior, ruego a usted proceder a estudiar nuevamente la 

solicitud a la Iuz de las modificaciOneS y los argumentoS presentados y conceder el 

privileglo de patente solicitado. 

Selior Superintendente, 

44ICIA LLOREDA RICAURTE 

T.P. 53.215 

DE BOGOTA  
..’’ HOTARIA SE XT A 

Y pSNTACI0N PERSONAL 
REC0N0CIMNTO 
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� fl/ C’1 
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suya (s) y 

1t (I(:’......�’’  

uu , 
.tio c . c.( o� fl coflSt 

.i 

-St.’ 

�[I,

 

----.---� 

CIA LLOREDA RICAURTE 

C.C. No. 39.690.713 de UsaquØn 

21 



REIVINDICACIONES 

1. La presente invención se refiere a compuestos de la siguiente formula 

qulmica: 
5 

R’ R R’ R’ H/ 
A 

/ 

OUPERINTENBENCIA BE INDUSTRIA Y COIIERCIO 

NIT 800176089-2 
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***** CONS I SNAC I ON 

----------------------------------------------------------------------------------------------------------------------
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TOTAL 4 103.000.00 

ON CIENTO TRES NIL PESOS 

RESPONSABLE 

RECIE:O BE CAJA APLICABO AL EXPEDIENTE N. 
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R6 es arilo, heteroarilo, haloalquilo C16, arila1qi10 o heteroari1aj2 donde 

dichos grupos arilo, heteroarilo, arilaiquilo y heteroarilaiquilo estÆn opcionalmente 

sustituidos con uno, dos o tres sustituyentes seleccionados independientemente entre 

halo, alquilo C16, haloalquilo C16, cicloalquilo C36, haloal_ic i -SR9, -SR 12, -SOR9, 

-SOR’2, -S02R9, -S02R12, -S02CH(R12)(R’1), -OR 12, -N(R’°)(R"), ciano, o arilo 

que estÆ opcionalmente sustituido con -S02R12; 

cada D es independientemente alquilo C13, aiquenilo C23, aiquinilo C23, arilo, 

heteroarilo, cicloalquilo C38 o heterociclilo donde cada uno de dichos grupos arilo, 

heteroarilo, cicloalquilo y heterociclilo, que pueden ser monocIclicos o bicIclicos, 

estÆn opcionalmente sustituidos sobre el Ætomo de carbono o el heteroÆtomoon de 

uno a cinco sustituyentes seleccionados independientemente entre alquilo C16, 

haloalquilo, halo, ceto, alcoxi, -SR9, -SR 12, -OR9, -OR 12, -N(R’2)2, -S02R9, o - 

S02R 

R7 CS hidrógeno, alquilo  C16, -S02R12, -SO(R’2), -OSO2R’0, -SOmN(R’)(R’), 

15 -SOmCH(R10)(R’ 1), o SOm(Rc)(Rd); 

R8 es hidrógeno o alquilo C,6; 

o R4 y R8 pueden tomarse junto con cualquiera de los Ætomos a los que pueden 

estar unidos para formar un sistema de anillos heterociclilode 4-10 miembros donde 

dicho sistema de anillos, que pueden ser monocIclicos o bicIclicos, CStÆ 

20 opcionalmente sustituido con uno o dos sustituyentes seleccionados 

independientemente entre alquilo C,6, halo, hjglo, hidroxi, ceto, -OR10, 

-SR’° o -N(R’0)2; 

se selecciona entre el grupo compuesto por hidrógeno, arilo, aril-alquilo 

(C1.4, heteroarilo, heteroaril-alquilo (C1.4, cicloalquilo C38, cicloalquil C3..8-alquilo 

25 (C14) y heticlil-alquilo (C14) donde dichos grupos pueden estar opcionalmente 

sustituidos con uno, dos o tres sustituyentes seleccionados independientemente entre 

halo, alcoxi _o-SO2R’2; 

R’° es hidrógeno o alquilo C16 

R" Cs hidrógeno o alquilo C16; 

30 R’2 CS hidrógeno o  alquilo C16 que CstÆ opcionalmente sustituido con uno, dos 

o tres sustituyentes seleccionados independientemente entre halo, alcoxi, ciano, 

o -SR’°; 

es hidrógeno, alquilo  C16, (aiquil C,6)arilo, (aiquil C,6)hidroxilo, 

-O(alquil C,6), hidroxilo, halo, arilo, heteroarilo, cicloalquilo C38, heterociclilo, 

35 donde dicho alquilo, arilo, heteroarilo, cicloalquilo C38 y hQcic1i1pueestar 

AIJ 
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opcionalmente sustituidos sobre el carbono o el heteroÆtomocon uno, dos o tres 

sustituyentes seleccionados independientemente entre aiquilo C16 o halo; 

Rb es hidrógeno, aiquilo C16, (aiquil C14arilo, (aiquil C16)hidroxilo,alcoxilo, 

5 hidroxilo, halo, arilo, heteroarilo, cicloalquilo C38 o heterociclilo, donde dicho 

aiquilo, arilo, heteroarilo, cicloalquilo C3 y heterciclilopipsaropcionalmente 

uno, dos o tres sustituyentes 

seleccionados independientemente entre aiquilo C16 o halo; 

o R a , Rb pueden tomarse junto con el Ætomo de carbono al que estÆn unidos o 

10 los que estÆn entre ellos para formar un anillo cicloalquilo C38 0 Ufl anillo CT 
heterociclilo donde dicho sistema de anillos de 3-8 miembros puede estar 

opcionalmente ? sustituido con uno o dos sustituyentes seleccionados 

independientemente entre aiquilo C1..6 y halo; 

Rc es hidrógeno o aiquilo C16 que estÆ opcionalmente sustituido con uno, dos 

15 o tres sustituyentes seleccionados independientemente entre halo o �OR9; 

Rd es hidrogeno o aiquilo C16 que estÆ opcionalmente sustituido con UflO, dos 

o tres sustituyentes seleccionados independientemente entre halo o �OR9; 

o Rc y R" pueden tomarse junto con el Ætomo de nitrógeno al que estÆn unidos 

o los que estÆn entre ellos para formar un anillo C3Jrociclilo que estÆ 

20 opcionalmente sustituido con uno o dos sustituyentes seleccionados 

independientemente entre aiquilo C1..6, halo hidroxialquilo, hidroxi, alcoxi o ceto; 

n se selecciona independientemente entre un nümero entero de uno a tres; 

cada m se selecciona independientemente entre un nümero entero de cero a 

dos; 

25 donde "arilo" es cualquier anillo de carbonos monocIclico o biciclico estable de7hasta 

12 Ætomos en cada anillo, donde a menos Ufl anillo es aromÆtico; y "heteroarilo" 

representa un anillo monocIclico, bicIclico o tricIclico de hasta’ 10 Ætomos en cada 

anillo, donde al menos un anillo es aromÆtico y contiene de 1 a 4 heteroÆtomos 

seleccionados entre el grupo compuesto por 0, N y S. 

30 y las sales estereoisómeros y derivados de N-óxido farmacØuticamente 

aceptables de los mismos. 

2. El compuesto de la reivindicación 1 donde R’ es hidrogeno y R2 es 

hidrógeno, o R1 y R2 pueden tomarse junto con el Ætomo de carbono al que estÆn 

35 unidos para formar un anillo de cicloalquilo C38 estando dichos sistema de anillo 
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opcionalmente sustituido con uno o dos sustituyentes seleccionados entre alquilo CI -6 

o halo, y las sales, estereoisómeros y derivados de N-óxido farmacØuticamente 

aceptables del mismo. 

5 3. El compuesto de la reivindicación 2 donde R3 es aiquilo CI -6 que estÆ 

opcionalmente sustituido con de uno a seis halo y R4 es hidrogeno, y las sales, 

estereoisómeros y derivados de N-óxido farmacØuticamente aceptables del mismo. 

4. El compuesto de la reivindicación 3 donde R3 es n-propil, isobutilo, 2-

10 fluoro-2-metilpropilo, 2-trifluorometilpropilo, 3-fluoro-2-(2-fluorometil)propilo, 2,2-

difluoroetilo, 2,2-difluoropropilo, 3 ,3,3-trifluoropropilo, o 2,2-dicloroetilo y R4 es 

hidrogeno; y las sales, estereoisómeros y derivados de N-óxido farmacØuticamente 

aceptables del mismo. 

15 5. El compuesto de la reivindicación 3 donde R5 es hidrógeno y R6 es arilo 

o heteroarilo, donde "arilo" es cualquier anillo de carbonos monocIclico o bicIclico 

estable de hastal 2 Ætomos en cada anillo, donde a menos un anillo es aromÆtico; y 

"heteroarilo" representa un anillo monocIclico, bicIclico o tricIclico de hasta 102 

Ætomos en cada anillo, donde al menos un anillo es aromÆtico y contiene de 1 a 4 

20 heteroÆtomos seleccionados entre el grupo compuesto por 0, N y S, estando dicho 

arilo o heteroarilo opcionalmente sustituido con uno, dos o tres sustituyentes 

seleccionados entre halo o �S02R12; las sales, estereoisómeros y derivados de N-

óxido farmacØuticamente aceptables del mismo. 

25 6. El compuesto de la reivindicación 3 donde R5 es hidrogeno y R6 es aiquilo 

C16 sustituido con 1-6 halo; las sales, estereoisómeros y derivados de N-óxido 

farmacØuticamente aceptables del mismo. 

7. El compuesto de la reivindicación 6 donde R5 es hidrógeno y R6 es 

30 trifluorometilo o 3,3,3 ,2,2-pentafluoroetilo; las sales, estereoisómeros y derivados de 

N-óxido farmacØuticamente aceptables del mismo. 

8. El compuesto de la reivindicación 6 donde n es dos, cada D es 

independientemente arilo o heteroarilo y R’ es SOmCH(R")(R") 

35 SOm(R’)(R"), cada Rc y R" es independientemente hidrógeno o aiquilo C1.6; donde 
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"arilo" es cualquier anillo de carbonos monocIclico o biciclico estable de hasta12 

Ætomos en cada anillo, donde a menos un anillo es aromÆtico; y "heteroarilo" 
(7 

representa un anillo monocIclico, bicIclico o tricIclico de hasta 10 Ætomos en cada 

anillo, donde al menos un anillo es aromÆtico y contiene de 1 a 4 heteroÆtomos 

5 seleccionados entre el grupo compuesto por 0, N y S; y las sales, estereoisómeros y 

derivados de N-óxido farmacØuticamente aceptables del mismo. 

9. Un compuesto seleccionado entre: 

N’-( 1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-

10 (metilsulfonil)- 1,1’ -bifenil-4-il]etil} -L-leucinamida; 

N-(cianometi1)-N2-(2,2,2-trifluoro- 1 -feniletil)-L-leucinamida-’ 

N-(cianometil)-N2-[2,2,2-trifluoro- 1 -(4-fluoro-3-metilfenil)etil]-L-

leucinamida; 

.N’-(cianometil)-N2-[( 1R)-2,2,2-trifluoro-1-(4-piridm-3-ilfenil)etil]-L-

15 leucinamida; 1v 

N’-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1 -(4-piridin-3-ilfenil)etil]-L-

leucinamida; 

N’ -(cianometil)-N2-[( 1R)-2,2,2-trifluoro-1 -(4-piridin-4-ilfenil)etil]-L-

leucinamida; 

20 , N’-(cianometil)-N2-[( 1 S)-2,2,2-trifluoro- 1-(4-piridin-4-ilfenil)etil]-L-

leucinamida; p" 

N1 -(cianometil)-N2-[( 1 R-2,2,2-trifluoro-1 -(4- { [-(2-fluoroetil)piperazin- 1-

il]carbonil} fenil)etil]-L-leucinamida; 

� N’-(cianometil)-N2-[2,2,2-trifluoro- 1 -(4- { [4-(2-fluoroetil)piperazm- 1-

25 il]carbonil} fenil)etil]-L-leucinamida; 

N-[1 -(1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(cianometil)-L-leucinamida; 

’N’ -(cianometil)-N2- {2,2,2-trifluoro- 1 -[4-(3 -hidroxi-3 -metilbut- 1-

inil)fenil]etil} -L-leucinamida; 

tN’.-(cianometil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(3-hidroxi-3-

30 metilbutil)fenil]etil} -L-leucinamida; 
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10 

15 

N2-[(1 S)- 1-(4-bromofenil)-2,2,3,3,3-pentafluoropropil]-N1 -(cianpmetil)-L-

leucinamida; 

Nl-(cianometil)-N2-[(1 S)-2,2,3,3,3-pentafluoro- 1 -(4-piridin-4-illenil)propil]-

L-leucinamida; 

� N1-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1-(4’-fluoro-1, 1 ’-bifenil-4-il)etil]-L-

leucinamida; 

�Nl -(cianometil)-N2-((1 S)-2,2,2-trifluoro- 1 - 14-[(1E)-3-hidroxi-3-metilbut-1-

enil]fenil} etil)-L-leucinamida; 

� Ni -(cianometil)-N2- {(1 S)-2,2,3,3,3-pentafluoro- 1 -[4’-(metiltio)- 1,1 ’-bifenil-4-

il]propil} -L-leucinamida; 

�Nl-(cianometil)-N2- {(1 S)-2,2,3,3,3-pentafluoro- 1-[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]propil} -L-leucinamida; 

�N1 -(cianometil)-N2- {(1 S)-2,2,2-trifluoro-1-[4-(1-oxidopiridin-3-il)fenil]etil} - 

L-leucinamida; 

tN.1-(cianometil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(morfolin-4-

ilocarbonil)fenil]etil} -L-leucinamida; 

Nl-(cianometil)-N2-{(1 S)-2,2,2-trifluoro- 1 -(4- {[metoxi 

(metil)aniino]carbonil} fenil)etil]-L-leucinamida; 

Ni-(cianometil)-N2-[( 1 S)-2,2,2-trifluoro- 1-(4-tien-3-ilfenil)etil]-L-

20 leucinamida; 

25 

CTI 

35 

Nl-(cianometil)-N2-{(1 S)-2,2,2-trifluoro-1-[4-(4-metilpiridin-2-il)fenil]etil)-

L-leucinamida; 

Ni-(cianometil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4-(5-metilpiridin-2-il)fenil]etil} - 

L-leucinamida; 

� N1-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1-(2’-fluoro-1, 1 ’-bifenil-4-il)etil]-L-

leucinamida; 

.N1 r(cianometil)-N2- {(I S)- 1-[4-(3,5-dimetilisoxazol-4-il)fenil]-2,2,2-

trifluoroetil} -L-leucinaniida; 

’N1 --(cianometi1)_N2 ((1 S)-2,2,2-trifluoro- 1-[4’-(hidroximetil)- 1,1 ’-bifenil-4-

il]etil} -L-leucinamida; 

,N24(1 S)- 1 -(4’-ciano- 1, 1’-bifenil-4-il)-2,2,2-trifluoroetilj-Nl -(cianometil)-L-

leucinamida; 

�Nk.(cianometi1)N2_[(1 S)-1-(3’,4’-difluoro-1 , 1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-

L-leucinamida; 

-"ster metIlico del Æcido 4’- { 1-[ 1-(Cianometil-carbamoil)-3-metil-butilainino]  Jo 
-
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2,2,2-trifluoro-etil} -bifenil-2-carboxIlico; 

Øster metIlico del Æcido 4’- { 1-[l -(Cianometil-carbamoil)-3-metil-butilamino]-

2,2,2-trifluoro-etil} -bifenil-3-carboxIlico; 

Ni -(cianometil)-N2-[(1 S)- 1 -(3’,4’-dimetoxi- 1,1 ’-bifenil-4-il)-2,2,2-

5 trifluoroetil]-L-leucinamida; 

,Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[2’-(trifluorometil)- 1,1 ’-bifenil-4-

ii] etil} -L-leucinamida; 

Ni-(cianometil)-N2-[(1 S)-1 -(3’,4’-dicloro-1 , 1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-

L-leucinaniida; 

10 N,1 -(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1-(3’-formil-1 , 1 ’-bifenil-4-il)etil]-L-

leucinamida; 

Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4-(2-oxo-2,3-dihidro- 1,3-

benzotiazol-6-il)fenil]etil} -L-leucinamida; 

N2- {(1 S)-1-[4-(5-bromopiridin-3-il)fenil]-2,2,2-trifluoroetil} -Nl-(cianometil)-

15 L-leucinamida; 

- Ni-(cianometil)-N2- ((1 S)-2,2,2-trifluoro-1 -[4’-(trifluorometoxi)-1 , 1 ’-bifenil-4-

il]etil} -L-leucinamida; 
1 -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(1 H-indol-4-il)fenil]etil} -L-

leucinamida; 

20 4 N,l-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1-(4-pirimidin-5-ilfenil)etil]-L-

leucinamida; 

*Nl-(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1-(4-quinolin-3-ilfenil)etilj-L-

leucinamida; 

N,l-(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(1 ,3-tiazol-2-il)fenil]etil} -L-

25 leucinamida; 

ester metulico del Æcido 4’- { 1-[ 1 -(cianometil-carbamoil)-3-metil-butilamino]-

2,2,2-trifluoro-etil} -bifenil-4-carboxIlico; 

- Mi-(cianometil)-N2-[(1 S)-2,2,2-trifluoro- i-(4-pirimidin-2-ilfenil)etil]-L-

leucinaniida; 

30 / N’l-(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1-[4-(3-metilpiridin-2-il)fenil]etil} - 

L-leucinamida; 

Nl-(cianometil)- N2- {(1 S)-2,2,2-trifluoro- 1-[4-(3-furil)fenil]etil} -L-

leucinamida 

tN -(cianometil)-N2-((1 S)-2,2,2-trifluoro- 1- {4-[3-(trifluorometil)piridin-2- ’-j. 

35 ii] fenil} etil)-L-leucinamida; 
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Nl-(cianometil)-N2-(( 1 S)-2,2,2-trifluoro-1 - {4-[4-(trifluorometil)piridin-2-

il]fenil} etil)-L-leucinamida; 

Ni -(cianometil)-N2-((l S)-2,2,2-trifluoro- 1- {4-[5-(trifluorometil)piridin-2-

il]fenil} etil)-L-leucinamida; 

N.l-(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1-(3t-metoxi- 1,1 ’-bifenil-4-il)etil}-L-

leucinamida; 

Ni-(cianometi1)-N2-{(1 S)-2,2,2-trifluoro-1 -(3’-metoxi-1 , 1 ’-bifenil-4-il)etil]-L-

leucinamida; 

N- {(1 S)-1-[4’-(acetilamino)-3’-fluoro-1 ,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} - 

10 Nl-(cianometil)-L-leucinamida; 

Nl-(cianometil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4-(3-metiltien-2-il)fenil]etil} -L-

leucinamida; 

Nl -(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1 -(3 ’-fluoro- 1,1 ’-bifenil-4-il)etil]-L-

leucinamida; 

15 ’N2- {(1 S)- 1 -[ 4-(5-acetiltien-2-il)fenil]-2,2,2-trifluoroetil} -Ni-(cianometil)-L-

leucinamida; 

N2-[(1 S)- 1 -(3’-acetil-1 , 1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-Nl-(cianometil)-L-

leucinaniida; 

-Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[3’-(trifluorometil)- 1,1 ’-bifenil-4-

20 il]etil} -L-leucinamida; 

Nl -(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1 -(5’-fluoro-2’-metoxi- 1,1 ’-bifenil-4-

il)etil]-L-leucinamida; 
Isjl -(cianometil)-N2-[(1 S)-1-(3’,5’-difluoro-1 ,1 ’-bifenil-4-il)-2,2,2-trifluoroetilJ-

L-leucinamida; 

25 ’N1 -(cianometil)-N2-[( 1 S)-2,2,2-trifluoro- 1-(2’,3’,5’-trifluoro- 1,1 ’-bifenil-4-

il)etil]-L-leucinamida; 

Æcido 3-(4’- { 1 -[1 -(Cianometil-carbamoil)-3-metil-butilamino]-2,2,2-trifluoro-

etil) -biferiil-3-il)-acrulico; 

N2- {(1 S)- 1 -{4-(9-antril)fenil]-2,2,2-trifluoroetil} -Ni -(cianometil)-L-

30 leucinamida; 

1N2-[(1 S)-1 -(4’-benzoil-1 , 1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-Nl-(cianometil)-L-

leucinamida; 

’N2-t(1 S)- 1 -(3’-acetil-4’-hidroxi-1, 1’-bifenil-4-il)-2,2,2-trifluoroetilJ-Nl-

(cianometil)-L-leucinamida; 

35 Nl-(cianometi1)-N2- {(1 S)- 1-[2’-(cianometil)- 1,1 ’-bifenil-4-il]-2,2,2- 65 
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trifluoroetil} -L-leucinamida; 

Ni -(cianometil)-N2- {2,2,2-trifluoro-1-[4’-(metilsulfonil)-1 ,1 ’-bifenil-4-il]etil} - 

L-leucinamida; 

�.Nl-(cianometil)-N2- {2,2,2-trifluoro-1 -[4’-(metilsulfinil)- 1,1 ’-bifenil-4-il]etil}-

L-leucinamida; 

Ni -(cianometil)-N2-[2,2,2-trifluoro- 1 -(4-morfolin-4-ilfenil)etil]-L-

leucinamida; 

Ni -(cianometil)-N2- {(1R)-2,2,2-trifluoro-i-[4-(6-metilpiridin-3-il)fenil]etil}-

L-leucinamida; 

10 �Nl-(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1-[4-(6-metilpiridin-3-il)fenil]etil) - 

L-leucinamida; 

Ni -(cianometil)-N2-[2,2,2-trifluoro-1 -(5-fenilotien-2-il)etil]-L-leucinaniida; 

uNl -(cianometil)-N2-[2,2,2-trifluoro- 1 -(4-quinolin-8-ilfenll)etil]-L-

leucinamida; 

15 Nl-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1-(4-piridin-2-ilfenil)etil]-L-

leucinamida; 

cN2- { 1 -{4’-(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} -Ni - 

(cianometil)-L-leucinamida; 

N2- {(i S)- 1-[4’-(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} -N1 - 

20 (cianometil)-L-leucinamida; 

Ni -(cianometil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1 ’-bifenil-4-

il]etil} -L-leucinamida; 

Ni-(cianometil)-N2- {(i S)-2,2,2-trifluoro-1-[4’-(metiltio)-1, 1 ’-bifenil-4-il]etil)-

L-leucinamida; 

25 N2-[(1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-Ni -(cianometil)-L-leucinamida; 

n-Ni -(cianometil)-N2- {( 1 R)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1 ’-bifenil-4-

il]etil} -L-leucinamida; 

.Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(morfolin-4-ilosulfonil)- 1,1’-

bifenil-4-il]etil} -L-leucinamida; 

30 "Ni -(cianometil)-N2- {(i S)-2,2,2-trifluoro- 1 -[4’-(isopropilsulfonil)- 1,1 ’-bifenil-

4-il] etil} -L-leucinamida; 

N2- {(i S)- 1 -[4’-(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} Ni 

(cianometil)-L-leucinamida; 

N2-((1 S)-i - {4’-[(acetilamino)sulfonii]-1 , 1 ’-bifenil-4-il}-2,2,2-triuluoroetil)-Nl - 

35 (cianometil)-L-leucinamida; 



i Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -{2’-metil-4’-(metilsulfonil)- 1,1’-

bifenil-4-il}etil} -L-leucinamida; 

N2-[ 1(5bromotien-2-i1)-2,2,2-trifluoroetil]-Nl-(CiaflOmetil)-L-leUCifla11 

..N2-[ 1 (4bromofeni1)-2,2,2-trifluoroeti1]-Nl-(cianometi1)-L-1eUCiflamida 

.Øster terc-butIlico del Æcido 4-(4’- { 1 -[1 -(Cianometil-carbamoil)-3-metil-

butilamino]-2,2,2-trifluoro-etil} -bifenil-4-il)-piperazina-1 -carboxIlico; 

4’Tl-(cianometil)-N2-[2,2,2-trifluoro-1 -(4’-piperazin-1-il-1, 1’-bifenil-4-il)etil]-

L-leucinamida; 

Ni-(cianometil)-N2-(2,2,2-trifluoro- 1- {4’-[4-(2-hidroxietil)piperazin-1-il]- 1,1’-

10 bifenil-4-il} etil)-L-leucinainida; 

Ni -(cianometil)-N2-(2,2,2-trifluoro- 1- {4’-[4-(2-hidroxi-2-

metilpropil)piperazin- 1-il]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

;N(cianometil)N2{1 - {4-[(dimetilaniino)carbonil]fenil} -2,2,2-trifluoroetil)-

L-leucinamida; 

15 , Nl-(cianometil)-N2-[2,2,2-trifluoro- 1 -(4’-piperazin- 1-il-i, 1 ’-bifenil-4-il)etil]-

L-leucinamida; 

.Ni -(cianometil)-N2-(1 - {4-[(ciclopropilamino)carbonil]fenil} -2,2,2-

trifluoroetil)-L-leucinamida; 

, Æcido 4- { 1-[ 1-(Cianometil-carbamoil)-3-metil-butilamino]-2,2,2-trifluoro-

20 etil) -benzoico; 

Ni -(cianometil)-N2-(2,2,2-trifluoro- 1- {4’-[4-(2-fluoroetil)piperazin- 1 -ii]- 1,1’-

bifenil-4-il} etil)-L-leucinamida; 

Ni-(cianometil)-N2-(2,2,2-trifluoro- 1- {4-[(4-metilpiperazin-1 - 

il)carbonil]fenil} etil)-L-leucinamida; 

25 .1Nl-(cianometil)-N2-[2,2,2-trifluoro- 1 -(4- {[4-(2-hidroxi-2-

metilpropil)piperazin- 1-il] carboml} fenil)etil]-L-leucinamida; 

"Ni -(cianometil)-N2- {(i S)-2,2,2-trifluoro- 1-[4-(2-metil-1 ,3-tiazol-4-

il)fenilJetil} -L-leucinamida; 

,-N2-{ 1 -[4-(3-terc-butil- 1 ,2,4-triazin-5-il)fenil]-2,2,2-trifluoroetil} -Ni-

30 (cianometil)-L-leucinamida; 

N1 -(cianometil)-N2-[2,2,2-trifluoro- 1-(4- {2-[3-(metilsulfonil)fenil]- 1 ,3-tiazol-

4-il} fenil)etil]-L-leucinainida 
Ni_(cianometil)_N2_((1 S)-2,2,2-trifluoro-1- 4-[2-(1H-pirazol-4-i1)-i ,3-tiazol-

4-il] fenil} etil)-L-leucinamida; 

35 "Ni-(cianometil)-N2-(2,2,2-trifluoro i - {4’-[4-(metilsulfonil)piperazin- 1-il]- I’ - 
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1,1 ’-bifenil-4-il) etil)-L-leucinamida; 

N2-[ 1 -(3-bromofenil)-2,2,2-trifluoroetil]-N1 -(cianometil)-L-leucinamida; 

� Nl-(cianometil)-N2- {2,2,2-trifluoro-1-[4’-(metiltio)- 1, 1’-bifenil-3-il]etil) ILr 

leucinamida 

iNi -(cianometil)-N2-[2,2,2-trifluoro-1 -(3-piridin-4-ilfenil)etil]-L-leucinamida; 

� Nl-(cianometil)-N2-[2,2,2-trifluoro- 1-(4’-piperazin- 1-il-1, 1’-bifenil-3-il)etil]-

L-leucinamida; 

Nl-(cianometi1)-N2- {2,2,2-trifluoro-1-[4’-(metilsulfonil)-1 ,1 ’-bifenil-3-il]etil}-

L-leucinamida; 

10 N-(cianometi1)- 1 -[(2,2,2-trifluoro- 1 -feniletil)amino]ciclohexanocarboxamida; 

1- ([1 -(4-bromofenil)-2,2,2-trifluoroetiljamino} -N-

(cianometil)ciclohexanocarboxamida; 
1tN(cianometi1)1: {[2,2,2-trifluoro-1 -(4’-piperazin-1-il- 1, 1’-bifenil-4-

il)etil]amino} ciclohexanocarboxamida; 

15 ’Nl -(cianometil)-N2-[2,2,2-trifluoro- 1 -(4-piperidin-4-ilfenil)etil]-L-

leucinamida; 

ON 1-(cianometil)-N2- {2,2,2-trifluoro-1-[4-(4-piridin-2-ilpiperazin-1 - 

il)fenil]etil} -L-leucinamida; 

’N2-[ 1 -(4-bromofenil)-2,2,2-trifluoroetil]-Nl -(cianometil)-3-

20 ciclopropilalaninamida; 

Nl-(cianometil)-3-ciclopropil-N2-[2,2,2-trifluoro- 1-(4-piridin-4-

ilfenil)etil]alaninamida; 

Ni-(cianometil)-N2-[2,2,2-trifluoro-1 -(4’-piridin-4-il-1 ,1 ’-bifenil-4-il)etil]-L-

leucinamida; 

25 Ni -(cianometil)-N2-[( 1R-2,2,2-trifluoro- 1 -(1 ,3-tiazol-2-il)etil}-L-

leucinamida; 

.Ni-(cianometi1)-N2-[(1 S)-2,2,2-trifluoro- 1-(4’-metoxi- 1,1 ’-bifenil-4-il)etil]-L-

leucinamida; 

1N1 -(cianometil)-N2-[( 1 S)-2,2,2-trifluoro- 1 -(4-metoxifenil)etil]-L-leucinamida; 

30 tNi-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1-(4’-piridin-4-il- 1,1 ’-bifenil-4-

il)etilJ-L-leucinamida; 

i Nl-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1 -(4-fenoxifenil)etil}-L-leucinamida; 

1N2..[(1 S)- 1-(4’-bromo- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil}-Ni-(cianometil)-L-

leucinamida; 

35 ’N2- {(1 S)-1-[4-(4-cloropiridin-3-il)fenil]-2,2,2-trifluoroetil} -Nl-(cianometil)- )2) 
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L-leucinamida; 

’N2- {(1 S)-1-[4’-(acetilamino)-2’-metil- 1, 1’-bifenil-4-il]-2,2,2-trifluoroetil} -NI -

(cianometil)-L-leucinamida; 

N2-[(1 S)-1 -(1,1 ’-bifenil-4_il)_2,2,2-trifluoroetil]-Nl-(cianometil)-L-

leucinamida; 

, Ni -(cianometil)-N2- {( 1 S)-2,2,2-trifluoro-1 -[4-(6-metoxipiridm-3-

il)fenil]etil} -L-leucinamida; 

Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(6-metoxipiridm-2-

il)fenil]etil} -L-leucinamida; 

10 Nl-(cianometil)-N2- ((1 S)-2,2,2-trifluoro- 1-[4"-(metilsulfonil)- 1,1 ’:4’, 1"-

terfenil-4-il]etil} -L-leucinamida; 

,,N2-{(1 S)- 1-(4-bromofenil)-2,2,2-trifluoroetil]-Nl-(cianometil)-3-(1 - 

metilciclopropil)-L-alaninamida; 

1N l-(cianometil)-3 -(1 -metilciclopropil)-N2- {( 1 S)-2,2,2-trifluoro-1 -[4’-

15 (metilsulfoml)-1, 1 ’-bifenil-4-il] etil) -L-alaninamida; 

�N1 -(cianometil)-3-(1-metilciclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-

(metiltio)-1 , 1 ’-bifenil-4-il]etil} -L-alaninamida 

Nl-(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1-(4’-metil- 1,1 ’-bifeml-4-il)etil}-L-

leucinamida; 

20 . N2-[(1S)- 1-(4’-acetil-1, 1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-Ni-(cianometil)-L-

leucinamida; 

Nl-(cianometi1)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(hidroximetil)- 1,1 ’-bifenil-4-

il]etil} -L-leucinamida; 

’N2-[ 1 -(4-bromofenil)-2,2,2-trifluoroetil]-Ni -(cianometil)-D-leucinamida; 

25 ., Nl-(cianometil)-N2- {2,2,2-trifluoro- 1-[4’-(metilsullonil)- 1,1 ’-bifenil-4-il]etil} - 

D-Ieucinamida; 

Ni -(cianometil)-N2- {2,2,2-trifluoro- 1-[4’-(morfolin-4-ilosulfoml)- 1,1 ’-bifenil-

4-il] etil} -D-leucinamida; 

’Nl-(cianometil)-N2-(2,2,2-trifluoro- 1- {4’-[(metilamino)sulfonil]- 1,1 ’-bifenil-

30 4-il} etil)-D-leucinamida; 

-’Nl-(cianometil)-N2- {(1R)-2,2,2-trifluoro-1-[4-(1-oxidopiridin-4-il)fenil]etil}-

L-leucinamida; 

’Nl -(cianometil)-N2- {2,2,2-trifluoro-1-[4-(1 -oxidopiridin-4-il)fenil]etil} -L-

leucinamida; 

35 Ni-(cianometil)-N2-(2,2,2-trifluoro- 1- {4-[6-(1 -hidroxi- 1-metiletil)- 1- 131 
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oxidopiridin-3-il]fenil} etil)-L-leucinamida; 

Nl-(cianometil)-N2-(2,2,2-trifluorO- 1- {4-[6-(metilsulfonil)piridifl-3-

il]fenil} etil)-L-leucinamida; 

NI-(cianometi1)-N2-(2,2,2-trifluoro-1 - {4-[2-(4-metilpiperazin-1 -il)-1 ,3-tiazol-

4-il] fenil} etil)-L-leucinamida; 

-, N2-[ 1-(4-bromofenhl)-2,2,2-trifluoroetil]-N1-( 1 -cianociclopropil)-L-

leucinamida; 

..Nl-(cianometil)-N2-[2,2,2-trifluoro- 1 -(4-piperazin- 1-ilfenil)etil]-L-

leucinamida; 

10 N2- { 1-[3’-(acetilamino)-1, 1 ’-bifenil-4-il]-2,2,2-trifluoroetil}-Nl-(cianometil)-

L-leucmamida; 

..Nl-(cianometil)-N2- {2,2,2-trifluoro- 1-[4-(4-propilpiperazin-1-il)fenil]etil}-L-

leucinamida; 

Nl-(cianometil)-N2- {2,2,2-trifluoro-1-[4-(piperazin- 1-ilcarbonil)fenil]etil} -L-

15 leucinamida; 

’Ni-(cianometil)-N2-[2,2,2-trifluoro- 1-(4- {[4-(2-hidroxietil)piperazin- 1 -

ii] carbonil} fenil)etilJ-L-leucinamida; 

N l-(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1-(4- {3-{3-(trifluorometil)fenilj-

1 ,2,4-oxadiazol-5-il) fenil)etil]-L-leucinamida; 

20 .Ester metIlico del Æcido 4- { 1 -[1 -(cianometil-carbamoil)-3-metil-butilamino]-

2,2,2-trifluoro-etil) -benzoico; 

Ni-(cianometil)-N2-((1 S)-2,2,2-trifluoro- 1- {4-[(E)-2-quinolin-2-

iletenil]fenil} etil)-L-leucinamida; 

Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4-(3 -metil-1 ,2,4-oxadiazol-5-

25 il)fenil]etil} -L-leucinamida; 

’N2-((1 S)-1-{4-[3-(5-bromopiridin-3-il)-1,2,4-oxadiazol-5-il]fenil}-2,2,2-

trifluoroetil)-N1-(cianometil)-L-leucinamida; 

N2-{( 1 S)- 1-(4-benzoilfenil)-2,2,2-trifluoroetil]-Ni -(cianometil)-L-

leucinamida; 

30 N1 -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1-[4-(tien-2-ilocarbonil)fenil]etil) -L-

leucinamida; 
� 
- Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1-[4-(1 ,3-tiazol-2-

ilcarbonil)fenil]etil} -L-leucinamida; 

� .Nl-(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1-(4- {(Z)-2-[4-

35 (metilsulfonil)fenil] etenil} fenil)etil]-L-leucinamida; 
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Ni -(cianometil)-N2-[(1 S)-2,2,2-trifluoro- 1 -(4- {(E)-2-[4-

(metilsulfonil)fenll]etenil} fenil)etil)-L-leucinarnida; 

N i-(cianometil)-N2-[( 1 S)-2,2,2-trifluoro- 1 -(4-isobutirilfenil)etil}-L-

leucinamida; 

5 . N2- {(1 S)- 1 -[4-(4-bromo- 1 ,3-tiazol-2-il)fenil]-2,2,2-trifluoroetil} -Ni - 

(cianometil)-L-leucinamida; 

’Nl -(cianometil)-N2-[(1 S)- 1 _(4-cianofenil)-2,2,2-trifluoroetil}-L-leucinamida; 

Ni -(cianometil)-N2-[(1 S)-1-(4-etinilfenil)-2,2,2-trifluoroetil]-L-leucinamida; 

Nl-(cianometil)-N2-[(1S)-2,2,2-trifluoro- 1-(2’-fluoro- 1,1 ’-bifenil-4-il)etilj-L-

10 leucinamida; 
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..Nl -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(1,3 -tiazol-2-il)fenil) etil) -L-

leucinamida; 

Ni -(cianometil)-N2- {2,2,2-trifluoro-1-[4’-(metiltio)- 1,1 ’-bifenil-4-il]etil} -L-

leucinamida; 

Nl-(eianometil)-N2- {2,2,2-trifluoro-1-[4-(2-metilquinolin-7-il)fenil]etil} -L-

leucinamida 

� Ni -(cianometil)-N2- {2,2,2-trifluoro- 1 -[4-( 1 H-indol-5-il)fenil]etil} -L-

leucinamida; 

Ni -(cianometil)-N2- { 1 -[4’-(dimetilamino)- 1,1 ’-bifenil-4-il]-2,2,2-

trifluoroetil} -L-leucinamida; 

Ni -(cianometil)-N2-[( 1 S)- 1 -(4- {[(cianometil)ainino]carbonil} fenil)-2,2,2-

trifluoroetil]-L-leucinamida; 

Ni -(cianometil)-N2-[(1R)- 1 -(4- {[(cianometil)amino]carbonil} fenil)-2,2,2-

trifluoroetil]-L-leucinamida; 

Nl-(cianometil)-N2- {2,2,2-trifluoro-1-[3’-(metilsulfonil)- 1,1 ’-bifenil-4-il]etil}-

L-leucinamida; 

Æcido 4’- { 1 -[1 -(Cianometil-carbamoil)-3-metil-butilamino]-2,2,2-trifluoro-

etil} -bifenil-4-carboxIlico; 

Metoxi-.rnetil-amida del Æcido 4’- { 1 -[ 1 -(cianometil-carbamoil)-3-metil-

butilamino]-2,2,2-trifluoro-etil} -bifenil-4-carboxIlico; 

Ni -(cianometil)-N2- {(i S)-2,2,2-trifluoro-1 -[4-( { [4-

(metilsulfonil)bencil]tio}metil)fenil]etil} -L-leucinamida; 

N2- {(1 S)- 1-{4-(5-cloropiridin-2-il)fenil]-2,2,2-trifluoroetil} -Nl-(cianometil)-

L-leucinamida; 
C N2- {(1 S)-1-[3’-(aminosulfonil)-4’-bromo-1, 1 ’-bifenil-4-il]-2,2,2-trifluoroetil} - 
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Nl-(cianometil)-L-leucinamida; 
}2_ {(1 S)- 1-[4’-bromo-3 ’-(metilsulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} - 

Ni -(cianometil)-L-leucinamida; 

Ni -(cianometil)-N2-((1 S)-2,2,2-trifluoro- 1- {4-[5-metil-6-

(metilsulfonil)piridin-3-il]fenil} etil)-L-leucinaniida; 

,N2-[(l S)-l-(4- {5-cloro-3-[4-(metilsulfonil)fenil]piridin-2-il} fenil)-2,2,2-

trifluoroetil]-Nl -(cianometil)-L-leucinamida; 

Ni -(cianometil)-N2-((1 S)-2,2,2-trifluoro-1 - {4-[(feniltio)metil]fenil} etil)-L-

leucinamida; 

10 ’.Nl -(cianometil)-N2-((1 S)-2,2,2-trifluoro- 1- 14’-[(trifluorometil)sulfonil]- 1,1’-

bifenil-4-il} etil)-L-leucinamida; 

Nl -(cianometil)-N2-[(1 S)-2,2,2-trifluoro- I -(4- {{(4-

fluorobenzoil)amino]metil} fenil)etil]-L-leucinamida; 

’Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(metilsulfonil)fenil]etil} -L-

15 leucinainida; 

Ni -(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il] etil) -L-leucinamida; 

Ni -(cianometil)-N2- {( 1 S)- 1 -[4’-(etilsulfonil)-1, 1 ’-bifenil-4-il]-2,2,2-

trifluoroetil} -L-leucinamida; 

20 N2-((1 S)- 1- {4-[({[3-(2-cloro-6-fluorofenil)-5-metilisoxazol-4-

il]carbonil} amino)metil]fenil} -2,2,2-trifluoroetil)-N1-(cianometil)-L-leucinamida; 

N2-((1 S)- 1- {4-[(9-cloro-3-metil-4-oxoisoxazolo[4,3-c]quinolin-5-(4H)-

il)metiljfenil} -2,2,2-trifluoroetil)-N1-(cianometil)-L-leucinamida; 

Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-metoxi-3’-(metilsulfonil)- 1,1 ’-

25 bifenil-4-il]etil} -L-leucinamida; 

N2- {(1 S)- 1 -[4"-cloro-4’-(metilsulfonil)- 1,1 v:21, 1 "-terfenil-4-il]-2,2,2-

trifluoroetil) -Ni -(cianometil)-L-leucinamida; 

Ni -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[2’-metoxi-4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-leucinaniida; 

30 N2- {(1 S)- 1 -[2’-cloro-4’-(metilsulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} - 

Ni -(cianometil)-L-leucinamida; 

Ni-(cianometil)-N2-((1 S)-2,2,2-trifluoro-1- {4’-{(2-hidroxietil)tio]-1 , 1 ’-bifenil-
4-il) etil)-L-leucinamida; 

Nl -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -{3’-fluoro-4’-(metilsulfonil)- 1,1’-
35 bifenil-4-il]etil) -L-leucinamida; ? 9) 
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� Ni-(cianometil)-N2-(( 1 S)-2,2,2-trifluoro- 1- {4’-[(2-hidroxietil)sulfonil]- 1,1’-

bifenil-4-il} etil)-L-leucinamida; 

� Ni -(cianometil)-N2- {(i S)-2,2,2-trifluoro-1 -[3’-(metilsullonil)-1 , 1 ’-bifenil-4-

il]etil} -L-leucinamida 

5 � Nl-(cianometil)-N2- {( 1 S)-2,2,2-trifluoro- 1-[4’-( {2-[metoxi(metil)aniino]-2-

oxoetil) sulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

� Ni -(cianometil)-N2-((1 S)-2,2,2-trifluoro- 1- {4’-[(2-hidroxi-2-

metilpropil)sulfonil]-1, 1’-bifenil-4-il} etil)-L-leucinamida; 

�N2-{(1 S)-1-[4’-(aminosulfonil)-1,l ’-bifenil-4-il]-2,2,2-trifluoroetil} -Nl-(1-

10 cianociclopropil)-L-leucinamida; 

�N2-[(4-bromofenil) (2,4,6-trifluorofenil)metil]-Nl -(cianometil)-L-

leucinamida; 

� Nl-(cianometil)-N2-[(4-piridin-4-ilfenil) (2,4,6-trifluorofenil)metil]-L-

leucinamida; 

15 . Nl.-(cianometil)-N2-[[4-(4-fluorobencil)fenil](fenil)metil]-L-leucinamida; 

� Nl-(cianometil)-N2- {fenilo[4-(piridin-3-ilmetil)fenil]metil} -L-leucinamida; 

� N2- {(4-bromofethl)[4.(metilsulfonhl)fenil]metil} -Ni -(cianometil)-L-

leucinamida; 

� Ni -(cianometil)-N2- {[4-(metilsulfonil)fenil] [4’-(metiltio)-1, 1 ’-bifenil-4-

20 il]metil} -L-leucinamida; 

Ni -(cianometil)-N2- {[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il] [4-

(metilsulfonil)fenil]metil} -L-leucinamida; 

Nl-(cianometil)-N2-[2,2,2-tricloro-1 -(4-glicoloilfenil)etil]-L-leucinamida; 

Nl-(cianometil)-N2-[2-fluoro-1 -(fluorometil)-1 -feniletil]-L-leucinamida; 

25 Nl-(cianometil)-N2- {2,2,2-trifluoro- 1-[4-(pirrolidin- 1-ilacetil)fenil]etil} -L-

leucinamida; 

Ni-(cianometil)-N2- {2,2,2-trifluoro- 1 -[4-(iperazin- 1-ilcarbonil)fenil]etil} -L-

leucinaniida; 

1N1 -(cianometil)-A’2-(2,2,2-trifluoro-1 - {4-[2-(4-metilpiperazin-1-il)-1,3-tiazol-

30 4-il] fenil) etil)-L-leucinamida; 

’Ni -( 1-cianociclopropil)-3-( 1-metilciclopropil)-N2-(2,2,2-trifluoro- 1- {4-[ 1-(2-

hidroxietil)prolil]fenil} etil)-L-alaninamida; 

’N2-{[4-(4-terc-butilpiperazin-1 -il)fenil](pentafluorofenil)metil]-Nl - 

(cianometil)-L-leucinainida; 

35 ,N-(cianometil)-1-{ 1 -[4-(4-metilpiperazin-1-il)fenil]etil}piperidina-2- 21 
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carboxamida; 

leucinamida; 

N2- {[4.-(4-terc-butilpiperazin- 1-il)fenil][5-(trifluorometil)piridin-2-il]metil} - 

5 Nl-(cianometil)-L-leucinamida; 

44S)-N-(cianometil)-4-metil-1 -[(1 S)-1-(4-piperazin-1-ilfenil)etil]-L-

prolinamida; 

’(4S)-N-(cianometil)-4-metil-1 -[(1R)-1 -(4-piperazin-1-ilfenil)etil]-L-

prolinamida; 

10 e N-(cianometil)- 1 -[(1 S)- 1 -(4-piperazin- 1-illenil)etil}-L-prolinainida; 

N-(cianometil)- 1 -{(1R)- 1 -(4-piperazin- 1 -ilfenil)etilj-L-prolinamida; 

N-(cianometil)-4,4-difluoro-1 -[(1 S)- 1 -(4-pip erazin-1 -ilfenil)etil}-L-

prolinamida; 

N’ -(1 -cianociclopropil)-N2-[(1 S)-2,2,2-trifluoro- 1 -(4-metilfenil)etil]-L-

15 leucinamida; 

N1-( 1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(1 H-pirazol-3-

il)fenil]etil} -L-leucinamida; 

N1-(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(2-metil- 1 ,3-oxazol-4-

il)fenil]etil} -L-leucinamida; 

20 � N1-(cianometil)-N2-{(1 S)-2,2,24rifluoro-1 -(4-pirazin-2-ilfenil)etil]-L-

leucinamida; 

N’-(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1-[4-(2-metilpiridin-4-il)fenil]etil}-L-

leucinamida; 

N1-(cianometil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4-(4-metilpiridin-3-il)fenil]etil}-L-

25 leucinamida; 

& N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(1 H-pirazol-4-

il)fenil]etil} -L-leucinamida; 

N1-(1-cianociclopropil)-N2-{(1 S)-2,2,2-trifluoro- 1-(4-piridin-4-ilfenil)etil]-L-

leucinamida 

30 N2-[(1 S)- 1 -(3’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N’ -(1-

cianociclopropil)-L-leucinamida; 

N’ -(1 -cianociclopropil)-N2-[( 1 S)-2,2,2-trifluoro- 1 -(3’-fluoro-4’-metil- 1,1 

bifenil-4-il)etil}-L-leucinamida; 

N’-( 1 -cianociclopropil)-N2-((1 S)-2,2,2-trifluoro- 1- {5-[4-( 1-hidroxi- 1-

35 metiletil)fenil]piridin-2-il} etil)-L-leucinamida; 17,9 
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N1-(cianometil)-N2- ((1 S)-2,2,3 ,3,3-pentafluoro- 1-[4’-(l-hidroxi- 1-metiletil)-

1,1 ’-bifenil-4-il]propil} -L-leucinamida; 

N1-( 1 -cianociclopropil)-N2-[( 1 S)-2,2,3,3,3-pentafluoro- 1-(4’-metil- 1,1 ’-bifenil-

4-il)propil]-L-leucinamida; 

N1-(cianometil)-N2- ((1 S)-2,2,3,3,3-pentafluoro- 1-[4-(6-metoxipiridin-3-

il)fenil]propil} -L-leucinamida; 

N1-(cianometil)-N2-[(1 S)-2,2,3,3,3-pentafluoro- 1-(2’-fluoro- 1,1 ’-bifenil-4-

il)propilj-L-leucinamida; 

N1-(1 -cianociclopropil)-N2- ((1 S)-2,2,2-trifluoro- 1-[4’-metoxi-3’-

(metilsull’onil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N2- {( 1 S)- 1 -[3’-(aminosulfonil)-4’-metoxi- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} - 

N1-( 1-cianociclopropil)-L-leucinamida; 

N1-(1-cianociclopropil)-N2- ((1 S)-2,2,2-trifluoro- 1-[4-(6-metoxipiridin-3-

il)fenil]etil} -L-leucinamida; 

N1-(cianometil)-N2- {(1 S)-2,2,3,3,3-pentafluoro- 1 -[4-(5-metilpiridin-2-

il)feml]propil} -L-leucinamida 

N1-(1 -cianociclopropil)-N2-(( 1 S)-2,2,2-trifluoro- 1- {4-[5-(metilsulfonil)piridin-

2-il] fenil} etil)-L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(5-metilpiridin-2-

il)fenil]etil} -L-leucinamida; 

N1 -(cianometil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro-1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-leucinamida; 

N1-(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N1-(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[2’-metil-4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

. N1-(1-cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro-1-[5-(1H-pirazol-3-il)piridin-

2-il] etil) -L-leucinamida; 

� N1-(1-cianociclopropil)-N2-[(1 S)-2,2,2-trifluoro-1 -(5-quinolin-5-ilpiridin-2-

il)etilj-L-leucinamida; 

N’-(1-cianociclopropil)-N2-[(1S)-2,2,2-trifluoro-1-(5-quinolin-6-ilpiridin-2-

il)etilj-L-leucinamida; 

N1-(1-cianociclopropil)-N2- {(1 S)-2,2-difluoro- 1-[4’-(metilsullonil)- 1,1’-

bifenil-4-il]etil} -L-leucinamida; 

, N2-[(1 S)- 1-(4’-acetil- 1,1 ’-bifenil-4-il)-2,2,3,3,3-pentafluoropropil]-N’-( 1-
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cianociclopropil)-L-leucinamida; 

N2-[(1 S)-1 -(1,1 ’-bifenil-4-iI)-2,2,2-trifluoroetilJ -N’ -( 1-cianociclopropil)-L-

leucinamida; 

N2- {( 1 S)- 1 -[4’-(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,3 ,3,3-pentafluoropropil} - 

5 N1-(1 -cianociclopropil)-L-leucinamida; 

N1-(1 -cianociclopropil)-N2- {( 1 S)- 1 -[4-( 1 -etoxivinil)fenil]-2,2,2-trifluoroetil} - 

L-leucinamida 

N2-[( 1 S)-1 -(4-acetilfenil)-2,2,2-trifluoroetil]-N’-(l -cianociclopropil)-L-

leucinamida; 

10 N1 -(1 -cianociclopropil)-N2-[(1 S)-2,2,2-trifluoro- 1 -(4-isopropilfenil)etil]-L-

leucinamida 

N1-(1 -cianociclopropil)-N2-[( 1 S)-2,2,2-trifluoro- 1 -feniletil]-L-leucinamida; 

N1-(1-cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro-1 -[4-(1 -hidroxi- 1-

metiletil)fenil]etil) -L-leucinamida; 

15 , N’-(l -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1-[4-(1-

metilciclopropil)fenil]etil} -L-leucinamida; 

� N1-( 1-cianociclopropil)-N2-[(1 S)-2,2,2-trifluoro- 1-(2’,4’,6’-trimetil- 1,1 ’-bifenil-

4-il)etil]-L-leucinamida; 

� N2-[(1 S)- 1-(6-cloropiridin-3-il)-2,2,2-trifluoroetil}-N’-(l-cianociclopropil)-L-

20 leucinamida; 

N2- {(1 S)- 1 -[5-(4-acetilfenil)piridin-2-il]-2,2,2-trifluoroetil) -N’-(l-

cianociclopropil)-L-leucinaniida; 

N2- {(1 S)- 1-[6-(4-acetiLfenil)piridin-3-ilJ-2,2,2-trifluoroetil} -N1-(1-

cianociclopropil)-L-leucinamida; 

25 � N2- {(1 S)- 1 -[5-(3-acetilfenil)piridin-2-ilJ-2,2,2-trifluoroetil} -N’-( 1-

cianociclopropil)-L-leucinamida; 

N’-(l -cianociclopropil)-N2-((1 S)-2,2,2-trifluoro-1 - {5-[4-(1 - 

hidroxietil)fenil]piridin-2-il) etil)-L-leucinamida; 

N2-[(1 S)- 1 -(1,1 ’-bifenil-4-il)-2,2,3,3,3-pentafluoropropil]-N’-(cianometil)-L-

30 leucinamida; 

N2-[(1 S)- 1 -(4’-acetil- 1,1 ’-bifenil-4-il)-2,2,3,3 ,3-pentafluoropropil]-N1-

(cianometil)-L-leucinamida; 

N2-[(1 S)-1 -(1,1 ’-bifenil-4-il)-2,2,3,3,3-pentafluoropropil]-N1-(1 - 

cianociclopropil)-L-leucinamida; 

35 N2-(1 -bencil-2,2,2-trifluoroetil)-N1-(1 -cianociclopropil)-L-leucinamida; 769’ 
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N2-[(1 S)- 1-(4-terc-butilfenil)-2,2,2-trifluoroetil]-N’ -(1 -cianociclopropil)-L 

leucinamida; 

N2-[(1 S)- 1_(4-bromofenil)-2,2,2-trifluoroetil]-N1-(cianometil)-4-metil-L-

leucinamida; 

5 � N2-[(1 S)-1 -(4-bromofenil)-2,2,2-trifluoroetil]-N1-(1 -cianociclopropil)-4-metil-

L-leucinamida; 

N1-(1-cianociclopropil)-N2-((1 S)-2,2,2-trifluoro- 1- {4-[2-(1H-pirazol-4-il)- 1,3-

tiazo 1-4-il] fenil} etil)-L-leucinamida; 

N1-(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1-[4-(2-metil- 1 ,3-tiazol-4-

10 il)fenil]etil} -L-leucinamida; 

N1-(1 -cianociclopropil)-N2- ((1 S)-2,2,2-trifluoro-1 -[4-(2-metilpiridin-4-

il)fenil]etil} -L-leucinamida 

N1-(1-cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1-[4-(2-metilpiridin-3-

il)fenil]etil} -L-leucinamida; 

15 . N1-( 1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4-(6-metilpiridin-2-

il)fenil]etil} -L-leucinamida 

N2-[( 1 S)- 1-(3’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(1-

cianociclopropil)-4-fluoro-L-leucinamida; 

N1-(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(1H-pirazol-3-

20 il)fenil]etil} -L-leucinamida; 

N1-[(1 S)- 1 -cianoetil]-N2- ((1 S)-2,2,2-trifluoro-1 -[4’-(metilsulfonil)- 1,1 ’-bifenil-

4-il] etil) -L-leucinamida; 

N’-[( 1 S)- 1-ciano-3-(metiltio)propil]-N2- ((1 S)-2,2,2-trifluoro- 1-[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

25 N1-[(1 S)- 1 -ciano-3-(metilsulfonil)propil]-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-iI]etil} -L-leucinamida; 

N2-[(1 S)- 1-(4-bromofenil)-2,2,3,3,3-pentafluoropropil]-N1-( 1-

� 

N1-(cianometil)-N2- {( 1 S)-2,2,3,3,3-pentafluoro- 1-[4-(6-metoxipiridin-2-

30 il)fenil]propil) -L-leucinamida; 

N2-[( 1 S)-1 -(5-bromopiridin-2-il)-2,2,2-trifluoroetil]-N’-(cianometil)-L-

leucinamida; 

N1-(cianometil)-N2-((1 S)-2,2,2-trifluoro- 1- {5-[4-(metilsulfonil)fenil]piridin-2-

il} etil)-L-leucinamida; 

35 
L 
N’-(1-cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1-[4’-(l-hidroxi-1-metiletil)- 2. 
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1,1 ’-bifenil-4-il]etil} -L-Ieucinamida; 

’N1-(cianometil)-N2-[(1 S)-2,2,2-trifluoro-1-(6’-metil-3,3’-bipiridin-6-il)etil}-L-

leucinamida; 

N1 -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(6-metoxipiridin-2-

5 il)fenil]etil} -L-leucinamida; 

N’-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(6-oxo-1,6-dihidropiridin-2-

il)fenil]etil} -L-leucinamida; 

(4S)-N1 -(cianometil)-5,5, 5-trifluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il] etil} -L-leucinamida; 

10 (4S)-N1 -(1 -cianociclopropil)-5,5,5-trifluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

(4S)-N’ -(cianometil)-5,5 ,5-trifluoro-N2- {(1 S)-2,2,2-trifluoro-1 -[4’-(metiltio)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

(4S)-N’ -(1 -cianociclopropil)-5,5,5-trifluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-

15 (metiltio)- 1,1 ’-bifenil-4-il]etil} -L-leucinaniida; 

(4S)-N2-[(1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N1 -(cianometil)-5,5 ,5-

trifluoro-L-leucinamida; 

(4S)-N2-[( 1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’ -(1 -cianociclopropil)-

5,5,5-trifluoro-L-leucinamida; 

20 N2- {(1 S)-1 -[4-(6-aminopiridin-3-il)fenil]-2,2,2-trifluoroetil} -N’-(cianometil)-

L-leucinamida; 

N2-[(1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’ -(1 -cianociclopropil)-4-

fluoro-L-leucinamida; 

N’-(cianometil)-N2- {(1 S)-2,2,3,3,3-pentafluoro- 1 -[4-(6-metilpiridin-3-

25 il)feniflpropil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2,3 ,3,3-pentafluoro- 1 -[4-(6-metilpiridin-3-

il)fenil]propil} -L-leucinamida; 

N’-( 1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(6-metilpiridin-3-

il)fenil]etil} -L-leucinamida; 

30 ’N’-(cianometil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4’-(l -hidroxietil)-1 , 1 ’-bifenil-4-

il]etil} -L-leucinamida; 

N’-(cianometil)-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-(2,2,2-trifluoro- 1 -hidroxietil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N1 -(1 -cianociclopropil)-N2- {(1 S)-2,2,3,3,3-pentafluoro- 1 -[4’-(metiltio)- 1,1’-

35 bifenil-4-il]propil} -L-leucinamida; 30 
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N’ -(1 -cianociclopropil)-N2- {(I S)-2,2,3,3,3-pentafluoro- 1 -[4’-(l -hidroxi- 1-
metiletil)- 1,1 ’-bifenil-4-il]propil} -L-leucinamida; 

.N’ -0 -cianociclopropil)-N2- ((1 S)-2,2,3,3,3 -pentafluoro- 1 -[4’-(metilsulfothl)-
1,1 ’-bifenil-4-il]propil} -L-leucinamida; 

.N’-( 1 -cianociclopropil)-N2- {(1 S)-2,2,3,3,3-pentafluoro- 1 -[4-(6-metoxipiridin-
2-il)fenil]propil} -L-leucinamida; 

(4R)-N’ -(cianometil)-5,5,5-trifluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-
(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

1(4R)-N’ -(1 -cianociclopropil)-5,5,5-trifluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-
10 (metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(cianometil)-N2-[(1 S)-2,2,3,3,3-pentafluoro- 1 -(4’-metil- 1,1 ’-bifenil-4-
il)propil]-L-leucinamida; 

N1 -(cianometil)-N2- {( 1 S)-2,2,3,3 ,3-pentafluoro- 1 -[4-(1 ,3-tiazol-2-
il)feml]propil} -L-leucinamida; 

15 . N’ -(1 -cianociclopropil)-N2-[( 1 S)- 1 -(4-etinilfenil)-2,2,3,3,3-pentafluoropropil]-

L-leucinamida; 

N’-(cianometil)-N2- {(1 S)- 1 -[4-(ciclopropiletinil)fenil]-2,2,2-trifluoroetil} -L-
leucinamida; 

N’ -(1 -cianociclopropil)-N2- {(1 S)- 1 -[4-(ciclopropiletinil)fenil]-2,2,2-
20 trifluoroetil} -L-leucinamida; 

N’ -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(5-metil- 1 ,3-tiazol-2-

il)fenil]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-( 1 ,3-tiazol-2-

il)fenil]etil} -L-leucinamida; 

25 , N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(5-metil- 1 ,3-tiazol-2-

il)fenil]etil} -L-leucinamida; 

.N’ -(1 -cianociclopropil)-N2- {( 1 S)- 1 -[4-(ciclopropiletinil)fenil]-2,2,3,3,3-
pentafluoropropil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(4-metil- 1 ,3-tiazol-2-
30 il)fenil]etil} -L-leucinamida; 

N’ -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(4-metil- 1 ,3-tiazol-2-
il)fenil]etil} -L-leucinamida; 

’N’ -(cianometil)-N2- {(1 S)- 1 -[4-(4,5-dimetil- 1 ,3-tiazol-2-il)fenil]-2,2,2-
trifluoroetil} -L-leucinamida; 

35 , N’-(l -cianociclopropil)-N2- {(1 S)-1 -[4’-(etilsulfonil)- 1,1 ’-bifenil-4-il]-2,2,2- 2) 
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trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-[( 1 S)-2,2,2-trifluoro- 1 -(4-piridin-3-

ilfenil)etil]-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-metoxi-3’-

5 (metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

-N 2_[( 1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’ -(cianometil)-L-alaninamida; 

�N2- {( 1 S)- 1 -[4’-(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,3,3,3-pentafluoropropil} - 

N’ -(cianometil)-L-leucinamida; 

N’ -(cianometil)-N2-((1 S)-2,2,3,3 ,3-pentafluoro- 1- {4’-[(2-hidroxi-2-

10 metilpropil)sulfonil]- 1,1 ’-bifenil-4-il) propil)-L-leucinamida; 

N’ -(cianometil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1 ’-bifenil-4-

ii] etil} -L-alaninamida; 

N’ -(cianometil)-N2- ((I S)-2,2,3,3,3 -pentafluoro- 1 -[4’-(isopropilsulfonil)- 1,1’-

bifenil-4-il]propil} -L-leucinamida; 

15 N’ -(1 -ciano- 1 -metiletil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1 ’-

bifenil-4-il]etil} -L-leucinamida; 

N’-(l -cianociclopropil)-N2-((1 S)-2,2,2-trifluoro- 1- {4’-[(2-hidroxi-2-

metilpropil)sulfonil]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

N1 -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[2’-metil-4’-(metilsulfonil)-

20 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’-(1-cianociclopropil)-N2- {(1 S)-1 -[4’-(etilsulfonil)- 1,1 ’-bifenil-4-il]-2,2,2- 

trifluoroetil} -L-leucinamida; 

N2- {(1 S)- 1 -[4’-(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} -N’ -(1-

cianociclopropil)-4-fluoro-L-leucmamida; 

25 N -(cianometil)-N2- {(S)-[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il] [4-

(trifluorometoxi)feml]metil} -L-leucinamida; 

N’-(cianometil)-N2-[(S)-[4’-(metilsulfonil)-1, 1 ’-bifenil-4-il](tien-2-il)metil]-L-

leucinamida; 

metanosulfonato de N’ -(cianometil)-N2-[(S)-(4’-piperazin-4-io- 1-il-I, 1 ’-bifenil-

30 4-il) (tien-2-il)metil}-L-leucinamida; 

N’ -(cianometil)-N2- {(S)-(4-fluorofenil)[4’-(metilsulfonil)- 1,1 ’-bifenil-4-

il]metil} -L-leucinamida; 

N’ -(cianometil)-N2- {(S)-[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il] [4-

(trifluorometil)fenil]metil} -L-leucinamida; 

35 ,. N2- {(S)-(4-clorofenil)[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il]metil} -N’ - 3 2" 
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(cianometil)-L-leucinamida; 

N1 -(cianometil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1 ’-bifenil-4-

il]etil} -L-norvalinamida; 

N2-[(S)-(4-bromofenil) (tien-2-il)metil]-N’ -(cianometil)-L-leucinamida; 

5 ’N1 -(cianometil)-N2-[(S)-[4-(4,4,5,5-tetrametil- 1 ,3,2-dioxaborolan-2-

il)fenil](tien-2-il)metil]-L-leucinamida; 

N2- {(R)-(4-bromofenhl)[4-(trifluorometoxi)fenil]metil} -N’ -(cianometil)-L-

leucinamida; 

N1 -(cianometil)-N2- {(S)-[4-(4,4,5,5-tetrametil- 1,3 ,2-dioxaborolan-2-il)fenil] [4-

10 (trifluorometoxi)fenil]metil} -L-leucinamida; 

,N2-[(S)-(4-bromofenil) (2-fiiril)metil]-N’ -(cianometil)-L-leucinamida; 

� N1-(cianometil)-N2- {(S)-2-fiiril[4’-(metilsulfonil)-1, 1 ’-bifenil-4-il]metil} -L-

leucinamida; 

� N2-[ 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N1 -(cianometil)-L-norvalinamida; 

15 . N2- {(R)-(4-bromofenil)[4-(trifluorometil)fenil]metil} -N1 -(cianometil)-L-

leucinamida; 

N1-(cianometil)-N2- { 1 -[4’-(4-ciclopropilpiperazin-1-il)-1 , 1 ’-bifenil-4-il]-2,2,2-

trifluoroetil} -L-norvalinamida; 

N2-[(R)-(4-bromofenil) (4-clorofenil)metil]-N’ -(cianometil)-L-leucinamida; 

20 N1-(cianometil)-N2- {2,2,2-trifluoro-1 -[4’-(metilsulfonil)-1 , 1 ’-bifenil-4-il]etil} - 

L-norvalinamida; 

N2-[(S)-(4-bromofenil) (3-metiltien-2-il)metil]-N’ -(cianometil)-L-leucinamida; 

N2-[(S)-(4-bromofenil) (tien-3-il)metil}-N1 -(cianometil)-L-leucinamida; 

N1 -(cianometil)-N2- {(S)-(2,4-difluorofenil)[4’-(metilsulfonil)- 1,1 ’-bifenil-4-

25 il]metil} -L-leucinamida; 

N’_(cianometi1)_N2_[(S)_[4’_(meti1su1foni1)_1,1’-bifefli1-4-i1](tiefl-3-il)metil14 

leucinamida; 

N1-(cianometil)-N2-[(S)-[4’-(metilsulfonil)-1 , 1 ’-bifenil-4-il](3-metiltien-2-

il)metil]-L-leucinamida; 

30 � N’-(cianometil)-N2-[(S)-[4’-(4-ciclopropilpiperazifl-1 -ii)-!,! ’-bifenil-4-il](3-

metiltien-2-il)metil]-L-leucinamida; 

� N’-(cianometil)-N2-[(S)-[4’-(4-ciclopropilpiperaZifl-1 -il)-1 , I ’-bifenil-4-il](tien-

3-il)metil]-L-leucinamida; 

,N2-[ 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’ -(cianometil)-5,5,5-trifluoro-L-

35 norvalinamida; 
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35 il)fenil]etil} -L-norvalinamida; 

� N’ -(cianometil)-5,5 ,5-trifluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)-

1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

N2-[(S)-(4-bromofenil) (3 -metiltien-2-il)metil]-N’ -(1 -cianociclopropil)-L-

leucinamida; 

N’ -(1 -cianociclopropil)-N2-[(S)-[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il](3-

metiltien-2-il)metil]-L-leucinamida; 

N’-(cianometil)-N2- {(S)-3-furil[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il]metil} -L-

leucinamida; 

� N’ -(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

� N2-[( 1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’ -(1 -cianociclopropil)-L-

norvalinamida N2-[(S)-(4-bromofenil) (4-bromotien-2-il)metil]-N1 -(cianometil)-L-

leucinamida; 

N2-[(S)-(4-bromofenil) (tien-3-il)metil]-N’ -(1 -cianociclopropil)-L-

leucinamida; 

N’ -(cianometil)-N2-((S)-[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il] {4-[4-

(metilsulfonil)fenil]tien-2-il} metil)-L-leucinamida; 

N’-(1-cianociclopropil)-N2-[(S)-[4’-(metilsulfonil)- 1,1 ’-bifenil-4-il](tien-3-

il)metil]-L-leucinamida; 

N2- {( 1 S)- 1 -[4’-(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} -N’ -(1-

cianociclopropil)-L-norvalinamida; 

N2-[(S)-(4-bromofenil) (4-bromotien-2-il)metil]-N’ -(1 -cianociclopropil)-L-

leucinamida; 

N2-[(S)-[4’-(aminosulfonil)- 1,1 ’-bifenil-4-il](tien-3-iI)metil]-N1 (1 

cianociclopropil)-L-leucinamida; 

N2-[(S)-[4’-(aminosulfonil)-1 , 1 ’-bifenil-4-il](tien-3-il)metilj-N’ -(cianometil)-L-

leucinamida; 

N’ -(1 -cianociclopropil)-N2- ((I S)-2,2,2-trifluoro- 1 -[4’-metoxi-3’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

N’ -(1 -cianociclopropil)-N2- {(I S)-2,2,2-trifluoro- 1 -[4-(2-metilpiridin-4-

il)fenil]etil} -L-norvalinamida; 

N’ -(1 -cianociclopropil)-5,5,5-trifluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

� N’ -(1 -cianociclopropil)-N2- ((1 S)-2,2,2-trifluoro- 1 -[4-(l H-pirazol-3-
3)3 
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� N’ -(l -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro-1 -[4’-(l -hidroxi- 1 -metiletil)-

1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

� N’-( 1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(5-metilpiridin-2-

il)fenil]etil} -L-norvalinamida; 

5 � Cianometil-amida del Æcido 2- {[(4-bromo-fenil)-piridin-4-il-metil]-amino} - 

pentanoico; 

� Cianometil-amida del Æcido 2- { [(4-bromo-fenil)-tiazol-2-il-metil]-amino} - 

pentanoico; 

� (1 -cianociclopropil)-amida del Æcido (2S)-2-[(S)- 1 -(4’-acetilbifenil-4-il)-2,2,2-

10 trifluoroetilamino]-pentanoico; 

� (1 -cianociclopropil)-amida del Æcido (2S)-2-[(S)- 1 -(2’,4’-difluorobifenil-4-il)-

2,2,2-trifluoroetilamino]-pentanoico; 

� (1 -cianociclopropil)-amida del Æcido (2S)-2-[(S)- 1 -(3’,4’-difluorobifenil-4-il)-

2,2,2-trifluoroetilamino]-pentanoico; 

15 , (1 -ciano-ciclopropil)-amida del Æcido (2S)-2-[(S)- 1 -(3 ’-cloro-4’-fluorobifenil-

4-il)-2,2,2-trifluoroetilamino]-pentanoico; 

� (1 -Ciano-ciclopropil)-amida del Æcido (2S)-2-[(S)-2,2,2-trifluoro- 1 -(4’-

metanosulfonilamino-bifenil-4-il)-etilaminoj-pentanoico; 

�Cianometil-amida del Æcido (2S)-2- {(S)-[(4-bromo-fenil)-tiazol-2-il-metil]-

20 amino} -4-metilpentanoico; 

N’ -(1 -cianociclopropil)-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-cloro- 1,1 ’-bifenil-4-

il]etil} -L-norvalinamida; 

N1 -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-cloro-3’-metil- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

25 � N’-( 1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-cloro-2’-metil- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

(1 -Ciano-ciclopropil)-amida del Æcido (2S)-2- {(S)-2,2,2-trifluoro- 1 -[4-( 1 H-

indol-5-il)-fenil]-etilamino} -pentanoico; 

� (1 -Ciano-ciclopropil)-amida del Æcido (2S)-2-[(S)-2,2,2-trifluoro- 1 -(3’-

30 metanosulfonilamino-bifenil-4-il)-etilamino]-pentanoico; 

� N1 -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-fluoro- 1,1 ’-bifenil-4-

il]etil} -L-norvalinamida; 

� N’-( 1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-fluoro-3’-metil- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

35 N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[3’-fluoro-4’-metil-1 , 1’- S 9 
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bifenil-4-iljetil} -L-norvalinamida; 

N -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-trifluorometoxi- 1,1’-

bifenil-4-il]etil) -L-norvalinamida; 

(1 -Cianociclopropil)-amida del Æcido (2S)-2-[(S)-2,2,2-trifluoro- 1 -(4’-

5 metilbifenil-4-il)-etilamino]-pentanoico; 

(1 -Cianociclopropil)-amida del Æcido (2S)-2-[(S)- 1 -(4’-cianobifenil-4-il)-

2,2,2-trifluoroetilamino]-pentanoico; 

N1-(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-metoxi- 1,1 ’-bifenil-4-

il] etil} -L-norvalinamida; 

10 N’ -(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(benzo[ 1 ,3]dioxol-5-

il)fenil]etil} -L-norvalinamida; 

� N1 -(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metoxicarbonil)- 1,1 ’-

bifenil-4-il]etil} -L-norvalinamida; 

� (1 -Cianociclopropil)-amida del Æcido (2S)-2- {(S)-[(4-bromofenil)-tiazol-2-il-

15 metil] -amino } -4-metilpentanoico; 

� Cianometil-amida del Æcido (2S)-2- {(S)-[(4’-metanosulfonil-bifenil-4-il)-

tiazol-2-il-metil]-amino} -4-metil-pentanoico; 

� (1 -Ciano-ciclopropil)-amida del Æcido (2S)-2-[(S)-2,2,2-trifluoro- 1 -(4’-

trifluorometil-bifenil-4-il)-etilamino]-pentanoico; 

20 ’ (1-Ciano-ciclopropil)-amida del Æcido (2S)-2-[(S)-2,2,2-trifluoro- 1 -(2’-

trifluorometil-bifenil-4-il)-etilamino]-pentanoico; 

� (1 -Cianociclopropil)-amida del Æcido (2S)-2- {(S)-[(2’,4’-difluorobifenil-4-il)-

tiazol-2-il-metil] -amino) -4-metilpentanoico; 

(1 -Cianociclopropil)-amida del Æcido (2S)-2- {(S)-[(4’-metanosulfonilbifenil-4-

25 il)-tiazol-2-il-metil]-amino} -4-metilpentanoico; 

’N’ -(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(1 -oxido-2,3-

dihidro- 1 -benzotien-5-il)fenil]etil} -L-leucinamida; 

�N1-(1 -cianociclopropil)-N2- ((1 S)-1 -[4-(1 , 1-dioxido-2,3-dihidro- 1 -benzotien-5-

il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

30 f N1-(1 -cianociclopropil)-N2- {(1 S)- 1 -[4-(1 , 1 -dioxido-2,3-dihidro- 1,2-

benzisotiazol-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

� N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfinil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

�N’ -(l -cianociclopropil)-N2- {(1 S)-1 -[4-(1 , 1 -dioxido-3-oxo-2,3-dihidro-1 ,2-

35 benzisotiazol-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 9 
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N1-( 1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[2’-( 1 -hidroxi- 1-

metiletil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N1 -(1 -cianociclopropil)-4,4-difluoro-N2- {(1 S)-2,2,2-trifluoro- I -[4’-

(metilsulfonil)- 1,1 ’-bifeni 1-4-il] etil} -L-norvalinamida; 

N’ -(cianometil)-4,4-difluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

� N’ -(cianometil)-4-fluoro-N2- ((1 S)-2,2,2-tricloro- 1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-leucinamida; 

� N1 -(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-tricloro- 1 -[4’-(metilsulfonil)-

10 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4,4-difluoro-N2- {( 1 S)-2,2,2-tricloro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

� N1 -(cianometil)-4,4-difluoro-N2- {( 1 S)-2,2,2-tricloro- 1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

15 (2S)-N-(cianometil)-4,4-difluoro-2-( {( 1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)-

1,1 ’-bifenil-4-il]etil} amino)butanamida; 

(2S)-N-( 1 -cianociclopropil)-4,4-difluoro-2-( ((1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} amino)butanamida; 

(2S)-N-( 1 -cianociclopropil)-4,4-difluoro-2-( {( 1 S)-2,2,2-tricloro- 1 -[4’-

20 (metilsulfonil)- 1,1 ’-bifenil-4-il]etil} amino)butanamida; 

(2S)-N-(cianometil)-4,4-difluoro-2-(f(1 S)-2,2,2-tricloro- 1 -[4’-(metilsulfonil)-

1,1 ’-bifenil-4-il]etil} amino)butanamida; 

(2S)-4,4-dicloro-N-(cianometil)-2-({(l S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)-

1,1 ’-bifenil-4-il]etil} amino)butanamida; 

25 (2S)-4,4-dicloro-N-( 1 -cianociclopropil)-2-( {( 1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} ainino)butanamida; 

(2S)-4,4-dicloro-N-(1 -cianociclopropil)-2-( {( 1 S)-2,2,2-tricloro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} amino)butanamida; 

� (2S)-4,4-dicloro-N-(cianometil)-2-( {( 1 S)-2,2,2-tricloro- 1 -[4’-(metilsulfonil)-

30 1,1 ’-bifenil-4-il]etil} amino)butanamida; 

. N2-[(1 S)- 1 -(1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N’ -(1 -cianociclopropil)-4-

fluoro-L-leucinamida; 

� N’ -(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[3 ’-(1 -hidroxietil)-

1,1 ’-bifeni 1-4-il] etil} -L-leucinamida; 

r 

N1 -(1 -cianociclopropil)-4-fluoro-N2-[(1 S)-2,2,2-trifluoro- 1 -(4’-metil- 1,1’-
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bifenil-4-il)etil]-L-leucinamida; 

N’-(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[3’-(l -hidroxi- 1-

metiletil)-1 , 1 ’-bifenil-4-il]etil} -L-leucinamida; 

N2-[( 1 S)- 1 -(4’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(1 - 

cianociclopropil)-4-fluoro-L-leucinamida; 

N2-[( 1 S)- 1 -(2’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N’-( 1-

cianociclopropil)-4-fluoro-L-leucinamida; 

� N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-( 1 -hidroxietil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

10 � N’ -(1 -cianociclopropil)-4-fluoro-N2- ( 1 S)-2,2,2-trifluoro- 1 -[2’-( 1 -hidroxietil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

’N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-(l -hidroxi- 1-

metiletil)- 1,1 ’-bifenil-4-il]etil} -L-leucinarnida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[2’-( 1 -hidroxi- 1-

15 metiletil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-((1 S)-2,2,2-trifluoro- 1- {5-[4-

(metilsulfoml)fenil]piridm-2-il} etil)-L-leucinamida; 

N’-(I -cianociclopropil)-4-fluoro-N2-((I S)-2,2,2-trifluoro- 1- {6-[4-

(metilsulfonil)fenil]piridin-3-il} etil)-L-leucinamida; 

20 N’ -(1 -cianociclopropil)-4-fluoro-N2-[( 1 S)-2,2,2-trifluoro- 1 -(4- (6-

[(metilsulfonil)amino]piridin-3 -ii) fenil)etil]-L-leucinamida; 

N’ -(cianometil)-4-fluoro-N2-[(1 S)-2,2,2-trifluoro- 1 -(4- {6-

[(metilsulfoml)amino]piridin-3 -ii) fenil)etil]-L-leucinamida; 

N1 -(1 -cianobutil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1’-

25 bifenil-4-il]etil} -L-Ieucinamida; 

N’ -(1 -ciano-2-ciclopropiletil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(l -ciano-2-piridin-3-iletil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro-1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

30 N’-(l -ciano-3-hidroxi-3-metilbutil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro-1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4-(l -oxo- 1,3-

dihidro-2-benzofuran-5-il)fenil]etil} -L-leucinamida; 

N’-(l -cianociclopropil)-N2- ((I S)- 1 -[4-(3,3-dimetil-1 -oxo-1 ,3-dihidro-2-

35 benzofuran-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 
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N’-(l -cianociclopropil)-N2- {(1 S)- 1 -[4-(3,3-dietil-1 -oxo-1 ,3-dihidro-2-

benzofuran-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {( I S)-2,2,2-trifluoro- 1 -[4-(3-oxo- 1,3-

dihidro-2-benzofuran-5-il)fenil]etil} -L-leucinamida; 

N’-(l -cianociclopropil)-N2- {(1 S)- 1 -[4-(1, 1-dimetil-3-oxo- 1 ,3-dihidro-2-

benzofuran-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)-1 -[4-(l, 1-dietil-3-oxo- 1 ,3-dihidro-2-

benzofuran-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’-( 1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(3-oxo- 1,3-

10 dihidro-2-benzofuran-5-il)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)- 1 -[4’-(l , 1-dimetil-3-oxo- 1 ,3-dihidro-2-

benzofuran-5-il)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} 4-fluoro-L-1eucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)-1 -[4’-(l ,1-dietil-3-oxo-1 ,3-dihidro-2-

benzofuran-5-il)-1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil}-4-fluoro-L-leucinamida; 

15 N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(l -oxo- 1,3-

dihidro-2-benzofuran-5-il)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’-(l -cianociclopropil)-N2- {(1 S)-1 -[4’-(3,3-dimetil-1 -oxo-1 ,3-dihidro-2-

benzofuran-5-il)-1 , 1 ’-bifenil-4-il]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)- 1 -[4’-(3,3-dietil-1 -oxo-1 ,3-dihidro-2-

20 benzofuran-5-il)-1 ,1 ’-bifenil-4-il]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(5-oxo-2,5-

dihidrofuran-3-il)fenil]etil} -L-leucinamida; 

N’ -(l -cianociclopropil)-N2- ((1 S)-1 -[4-(2,2-dimetil-5-oxo-2,5-dihidrofuran-3-

il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

25 N’-(l -cianociclopropil)-N2- {(1 S)-1 -[4-(2,2-dietil-5-oxo-2,5-dihidrof’uran-3-

il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- I -[4-(2-oxo-2,5-

dihidrofuran-3-il)fenil]etil} -L-leucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)-1 -[4-(5,5-dimetil-2-oxo-2,5-dihidrofuran-3-

30 il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)-1 -[4-(5,5-dietil-2-oxo-2,5-dihidrofuran-3-

il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {(I S)-2,2,2-trifluoro- I -[4-(5-oxo-4-

oxaspiro[2.4]hept-6-en-7-il)fenil]etil} -L-leucinamida; 

35 N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(6-oxo-5-
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oxaspiro[3 .4]oct-7-en-8-il)fenil]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- I -[4-(5-oxo-4-

oxaspiro[2.4]hept-6-en-6-il)fenil]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4-(6-oxo-5-

oxaspiro[3 .4]oct-7-en-7-il)fenil]etil} -L-leucinamida; 

N’-(l -cianociclopropil)-4-fluoro-N2-[(1 S)-2,2,2-trifluoro-1 -(4-quinolin-6-

ilfenil)etil]-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {(I S)-2,2,2-trifluoro- 1 -[4’-(metilsulfinil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

10 N2-[(l S)- 1 -(4’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N’ -(I-

cianociclopropil)-L-leucinamida; 

N’-(l -cianociclopropil)-N2-[(1 S)-2,2,2-trifluoro-1 -(4-quinolin-6-ilfenil)etilj-L-

leucinamida; 

N2-[(1 S)-1-(4-bromofenil)-2,2,2-trifluoroetilj-N’-(1-cianociclopropil)-4,4-

15 difluoro-L-norvalinamida; 

N’ -(1 -cianociclopropil)-4,4-difluoro-N2- {(I S)-2,2,2-trifluoro- 1 -[4’-(metiltio)-

1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

N’ -(1 -cianociclopropil)-4,4-difluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

20 N’-[( 1 S)- 1 -ciano-3-(metilsulfonil)propil]-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-[(1 S)-2,2,2-trifluoro- 1 -(4-quinolin-6-

ilfenil)etil]-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfinil)-

25 1,1 ’-bifenil-4-iI]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(l -hidroxietil)- 1,1’-

bifenil-4-il]etil} -L-leucinamida; 

N2-[(1 S)-1 -(4’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluóroetil]-N’-(1 - 

cianociclopropil)-L-leucinamida; 

30 N’-(1-cianociclopropil)-N2-[(1 S)-2,2,2-trifluoro-1 -(4-quinolin-6-ilfenil)etil}-L-

leucinamida; 

N2-[(1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’-(l -cianociclopropil)-4,4-

difluoro-L-norvalinamida; 

N’-(l -cianociclopropil)-4,4-difluoro-N2- {(1 S)-2,2,2-trifluoro- I -[4’-(metiltio)-

35 1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 
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N’ -(l -cianociclopropil)-4,4-difluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-(( 1 S)-2,2,2-trifluoro- 1- {4-[5-metil-6-

(metilsulfonil)piridin-3-il]fenil} etil)-L-leucinamida; 

5 N’-(l -cianociclopropil)-4-fluoro-N2-((1 S)-2,2,2-trifluoro-1 - {4-[6-(1 -hidroxi-1 - 

metiletil)-5-metilpiridin-3-il]fenil} etil)-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-[(I S)-2,2,2-trifluoro- 1 -(4’-fluoro- 1,1’-

bifenil-4-il)etil]-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[3 ’-metil-4’-

10 (metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(l -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro-1 -[4-(6-metilpiridin-

3-il) fenil] etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(metiltio)- 1,1’-

bifenil-4-il]etil} -L-leucinamida; 

15 N’-( 1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-(l -hidroxi- 1-

metiletil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N1 -(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(2-

metilquinolin-7-il)fenil]etil} -L-leucinamida; 

N2-[( iS)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’ -(cianometil)-4,4-difluoro-L-

20 norvalinamida; 

N1 -(1 -cianociclopropil)-4-fluoro-N2-((1 S)-2,2,2-trifluoro- 1- 14’-[(l S)- 1-

hidroxietil]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

N1 -(1 -cianociclopropil)-4-fluoro-N2-((1 S)-2,2,2-trifluoro- 1- {4’-[(l R)- 1-

hidroxietil]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

25 N1 -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(trifluoroacetil)- 1,1’-

bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- ((1 S)-2,2,2-trifluoro- I -[5-(2-naftil)piridin-2-

il] etil} -L-leucinamida; 

N’ -(cianometil)-4,4-difluoro-N2_1(1 S)-2,2,2-trifluoro- I -[4’-(metiltio)- 1,1’-

30 bifenil-4-il]etil} -L-norvalinamida; 

N’ -(cianometil)-4,4-difluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

N1 -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4-(5-metil- 1,3-

tiazol-2-il)fenil]etil} -L-leucinamida; 

35 N’-(1-cianociclopropil)-N2- {(1 S)-1 -[4-(1 , 1-dioxido-3-oxo-2,3-dihidro-1 ,2-
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benzisotiazol-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N2-[(4-bromofenil) (fenil)metil]-N1 -(1 -cianociclopropil)-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-[( 1 S)-2,2,2-trifluoro- 1 -(4’-metil- 1,1’-

bifenil-4-il)etil]-L-leucinamida; 

N2-[(1 S)-1-(1 , 1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N’-(1 -cianociclopropil)-4-

fluoro-L-leucinamida; 

N2- {( 1 S)- 1 -[4-(5-cloropiridin-2-il)fenil]-2,2,2-trifluoroetil} -N1 -(1-

cianociclopropil)-4-fluoro-L-leucinamida; 

N’-(l -cianociclopropil)-4-fluoro-N2-[( 1 S)-2,2,2-trifluoro- 1 -(4-piridin-4-

10 ilfenil)etil]-L-leucinamida; 

N’-( 1 -cianociclopropil)-4-fluoro-N2-(( 1 S)-2,2,2-trifluoro- 1- (4’-

[(metilsulfonil)amino]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

N2-[(1 S)- 1 -(4-bromofenil)-2,2-difluoroetil}-N1 -(1 -cianociclopropil)-L-

leucinamida; 

15 N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2-difluoro-1-[4’-(metiltio)-1 ,1 ’-bifenil-4-

il]etil} -L-leucinamida; 

N’(1-cianocic1opropi1)-4-fluoro-N2-[(1S)-2,2,2-trif1UOrO-1-(4-pirimidi11-5 

ilfenil)etil]-L-leucinamida; 

N2-[( 1 S)- 1 -(4’-acetil- 1,1 ’_b ifenil-4-il)-2,2,2-trifluoroetil]-N1 -(1-

20 cianociclopropil)-4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[3 ’-(1 -hidroxietil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N2-[(1 S)-1 -(4’-acetil-1 , 1’-bifenil-4-il)-2,2-difluoroetil]-N’-(1 -cianociclopropil)-

L-leucinamida; 

25 N’ -(1 -cianociclopropil)-N2- {(1 S)- I -[4-(3,5-dimetilisoxazol-4-il)fenil]-2,2,2-

trifluoroetil) -4-fluoro-L-leucinamida; 

N’ -[(1 S)- 1 -ciano-3-(metilsulfonil)propil]-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-[( 1 S)-2,2,2-trifluoro- 1 -(4-quinolin-6-

30 ilfenil)etil]-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfinil)-

1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N1 -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-( 1 -hidroxietil)- 1,1 ’-

bifenil-4-il]etil} -L-leucinamida; 

35 N2-[(l S)- 1 -(4’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N1 -(I-
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cianociclopropil)-L-leucinamida; 

N1-(1-cianociclopropil)-N2-[(1 S)-2,2,2-trifluoro-1 -(4-quinolin-6-ilfenil)etil]-L-

leucinamida; 

N2-[( 1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil]-N’-( 1 -cianociclopropil)-4,4-

difluoro-L-norvalinamida; 

N1 -(1 -cianociclopropil)-4,4-difluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[4’-(metiltio)-

1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

N’ -(1 -cianociclopropil)-4,4-difluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-norvalinamida; 

10 N’ -(1 -cianociclopropil)-4-fluoro-N2-(( 1 S)-2,2,2-trifluoro- I- {4-[5-metil-6-

(metilsulfonil)piridin-3-il]fenil} etil)-L-leucinamida; 

N’ -(1-cianociclopropil)-4-fluoro-N2-((1 S)-2,2,2-trifluoro- 1- {4-[6-(1 -hidroxi-1 - 

metiletil)-5-metilpiridin-3 -il] fenil} etil)-L-leucinamida; 

N’-(l -cianociclopropil)-4-fluoro-N2-[(1 S)-2,2,2-trifluoro- 1 -(4’-fluoro- 1,1’-

15 bifenil-4-il)etil]-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[3 ’-metil-4’-

(metilsulfonil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’ -(1-cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(6-metilpiridin-

3-il)fenil]etil} -L-leucinamida; 

20 N’-(l -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- I -[4’-(metiltio)- l,1’-

bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4’-(l -hidroxi- 1-

metiletil)- 1,1 ’-bifenil-4-il]etil} -L-leucinamida; 

N’-( 1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4-(2-

25 metilquinolin-7-il)fenil]etil} -L-leucinamida; 

N2-[( 1 S)- 1 -(4-bromofenil)-2,2,2-trifluoroetil}-N’ -(cianometil)-4,4-difluoro-L-

norvalinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-((1 S)-2,2,2-trifluoro- 1- {4’-[( 1 S)- 1-

hidroxietil]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

30 N’ -(1 -cianociclopropil)-4-fluoro-N2-((1 S)-2,2,2-trifluoro- 1- {4’-[(lR)- 1-

hidroxietil]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

N’-( 1 -cianociclopropil)-N2- {( 1 S)-2,2,2-trifluoro- 1 -[4’-(trifluoroacetil)- 1,1 ’-

bifenil-4-il]etil} -L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- {(1 S)-2,2,2-trifluoro- I -[5-(2-naftil)piridin-2-

35 il]etil} -L-leucinamida; 

SAM 



N’ -(cianometil)-4,4-difluoro-N2- ((I S)-2,2,2-trifluoro- 1 -[4’-(metiltio)- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

N’-(cianometil)-4,4-difluoro-N2-
 j(1 S)-2,2,2-trifluoro- 1 -[4’-(metilsulfonil)- 1,1’-

bifenil-4-il]etil} -L-norvalinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- {(1 S)-2,2,2-trifluoro- 1 -[4-(5-metil- 1,3-

tiazol-2-il)feml]etil} -L-leucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)-1 -[4-(1,1 -dioxido-3-oxo-2,3-dihidro-1 ,2-

benzisotiazol-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; 

N2-[(4-bromofenil) (fenil)metil]-N’ -(1 -cianociclopropil)-L-leucinamida; 

10 N’ -(1 -cianociclopropil)-4-fluoro-N2-[(1 S)-2,2,2-trifluoro- 1 -(4’-metil- 1,1’-

bifenil-4-il)etil]-L-leucinamida; 

N2-[(1 S)-1-(1 , 1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N’-(1 -cianociclopropil)-4-

fluoro-L-leucinamida; 

N2- {(1 S)- 1 -[4-(5-cloropiridin-2-il)fenil]-2,2,2-trifluoroetil} -N1 -(1-

15 cianociclopropil)-4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-[(1 S)-2,2,2-trifluoro- 1 -(4-piridin-4-

ilfenil)etil]-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2-((l S)-2,2,2-trifluoro- 1- {4’-

[(metilsulfonil)amino]- 1,1 ’-bifenil-4-il} etil)-L-leucinamida; 

20 N2-[(l S)- I -(4-bromofenil)-2,2-difluoroetil]-N’ -(1 -cianociclopropil)-L-

leucinamida; 

N’ -(l -cianociclopropil)-N2- {(1 S)-2,2-difluoro-1 -[4’-(metiltio)-1 , 1 ’-bifenil-4-

ii] etil} -L-leucinamida; 

N’-(1-cianociclopropil)-4-fluoro-N2-{(1 S)-2,2,2-trifluoro-1 -(4-pirimidin-5-

25 ilfenil)etil]-L-leucinamida; 

N2-[( 1 S)- 1 -(4’-acetil- 1,1 ’-bifenil-4-il)-2,2,2-trifluoroetil]-N’ -(1-

cianociclopropil)-4-fluoro-L-leucinamida; 

N’ -(1 -cianociclopropil)-4-fluoro-N2- ((1 S)-2,2,2-trifluoro- 1 -[3’-( 1 -hidroxietil)-

1,1 ’-bifenil-4-il]etil)-L-leucinamida; 

30 N2-[(1 S)-1 -(4’-acetil- 1,1 ’-bifenil-4-il)-2,2-difluoroetil]-N’-(1 -cianociclopropil)-

L-leucinamida; 

N’ -(1 -cianociclopropil)-N2- {(I S)- 1 -[4-(3,5-dimetilisoxazol-4-il)fenil]-2,2,2-

trifluoroetil) -4-fluoro-L-leucinamida; 

y las sales, estereoisómeros y derivados de N-óxido fannacØuticamente 

35 aceptables de los mismos. 
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10. N1 -(1 -cianociclopropil)-4-fluoro-N2- {(I S)-2,2,2-trifluoro- 1 -[4’-

(metilsulfonil)- 1,1 ’-bifenil-4-iljetil} -L-leucinamida o una sal farmacØuticamente 

aceptable de la misma. 

11. N’-( 1 -cianociclopropil)-4-fluoro-N2- {( 1 S)-2,2,2-trifluoro- 1- [4’-

(metilsulfinil)- 1,1’ -bifenil-4-il]etil} -L-leucinamida o una sal farmacØuticamente 

aceptable de la misma. 

10 12. N1(cianometil)-N2 ((1 S)-2,2,2-trifluoro- 1 -[4’ -(metilsulfonil)- 1,1 ’-bifenil-

4-il]etil}-L-leucinamida o una sal farmacØuticamente aceptable de la misma. 

15 

13. N2 {( 1 S)- 1 -[4’ -(aminosulfonil)- 1,1 ’-bifenil-4-il]-2,2,2-trifluoroetil } - 

N’(cianometil)-L-leucinamida o una sal farmacØuticamente aceptable de la misma. 

14. Una composición farmacØutica que comprende un compuesto de 

acuerdo con la reivindicación 1, en una cantidad terapØutica eficaz, y un vehIculo 

farmacØuticamente aceptable. 

20 15. Una composición farmacØutica que comprende un compuesto de la 

Reivindicación 1 y otro agente seleccionado entre: alendronato, cimadronato, 

clodronato, etidronato, ibandronato, incadronato, minodronato, neridronato, 

olpadronato, pamidronato, piridronato, risedronato, tiludronato, zolendronato; 

estrógeno, progestrógeno, estradiol, droloxifeno, raloxifeno, lasofoxifeno, TSE-424, 

25 tamoxifeno, idoxifeno, LY353381, LYI 17081, toremifeno, fulvestrant, 4-[7-(2,2-

dimetil-1-oxopropoxi-4-metil-2-[4-[2-( 1-piperidinil)etoxflfenil]-2H- 1-benzopiran-3-

il]-fenil-2,2-dimetilpropanoato, 4,4’-dihidroxibenzofenona-2,4-dinitrofenil-

hidrazona, SH646; finasterida y otros inhibidores de 5a-reductasa, nilutamida, 

ulutamida, bicalutamida, liarozol, acetato de abiraterona; lovastatina, simvastatina, 

30 pravastatina, fluvastatina, atorvastatina, cerivastatina; hormona paratiroide (PTII); y 

las sales y mezclas farmacØuticamente aceptables de los mismos. 
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Abstract�The P2-P3 amide of dipeptide cathepsin K inhibitors can be replaced by the metabolically stable trifluoroethylamine 
group. The non-basic nature of the nitrogen allows the important hydrogen bond to Gly66 to be made. The resulting compounds 
are 10- to 20-fold more potent than the corresponding amide derivatives. Compound 8 is a 5 pM inhibitor of human cathepsin K 
with >10,000-fold selectivity over other cathepsins. 
' 2005 Elsevier Ltd. All rights reserved. 

Cathepsin K (Cat K) is a lysosomal cysteine protease 
thought to be the principal enzyme responsible for deg-
radation of type I collagen in osteoclastic bone resorp-
tion. Thus, an inhibitor of Cat K may be effective as 
an anti-resorptive for treatment of osteoporosis. A 
number of Cat K inhibitors have been previously 
reported, many of which contain multiple amide bonds. 

Replacement of amide bonds with appropriate isosteres 
is a classic approach in medicinal chemistry. Many 
amide replacements are known which retain the geome-
try of the amide bond or maintain the hydrogen bond-
accepting properties of the amide.’ However, there are 
a few functional groups, which are capable of preserving 
the hydrogen bond-donating properties of the amide. 
Sulfonamides, anilines, secondary alcohols, hydrazines, 
and certain heterocycles constitute this list. The problem 
of identifying an NH amide replacement can be recast as 
how to minimize the basicity of an NH donor so that a 
NH2 moiety is not formed in the biological milieu. 
Such charged groups are poorly tolerated deep in the ac-
tive site of a protein where binding interactions cannot 
compensate for the energetic cost of desolvation. In this 
paper, we describe that a trifluoromethyl group can 
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replace the carbonyl of an amide and generate a meta-
bolically stable, non-basic amine that maintains the 
excellent hydrogen bond of an amide. 

Replacement of this functional group has been previous-
ly explored by Zanda and coworkers2 who have used it 
to replace both a glycine amide bond and a malonamide 
of a partially modified retropeptide.3 These authors suc-
cinctly note that the trifluoroethylamino group features 
’low NH basicity, a CH(CF3)�NH�CH backbone 
angle close to 1201, [and] a C�CF3 bond substantially 
isopolar with the C=O’. A report on the use of a 
CH(CN)�NH group to replace an amide bond in 
CCK-B has also been presented.’ 

Much of the published literature on Cat K inhibitors de-
scribe peptide-based molecules. Dipeptide nitrile inhibi-
tors have been reported with good pharmacokinetics in 
preclinical species and anti-resorptive activity in animal 
models of osteoporosis.5 Nonetheless, we felt that the 
overall properties of these inhibitors could be improved 
by decreasing their peptidic nature. 

X-ray crystallography of the irreversible dipeptide inhib-
itor 1 bound to Cat K shows that the P1 -P2 amide forms 
hydrogen bonds to the protein with both its NH and 
carbonyl components (Fig. 1). In contrast, the P2-P3 
amide bond forms only one hydrogen bond to G1y66 
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Figure 1. Structures of peptidomimetic cathepsin K inhibitors. 

with the NH, while the carbonyl projects into solution.6 
This implies that the P2-P3 amide bond might be re-
placed with an isostere without dramatic loss of potency. 
Our first attempt at such a replacement was to introduce 
a phenyl ring in place of the amide.7 The resulting com-
pound 2 had modest potency but excellent pharmacoki-
netics, justifying further pursuit of amide replacements. 
The potency of these compounds could be improved by 
using an aminothiophene group as in compound 3 to 
take advantage of the hydrogen bond acceptor at 
G1y66.8 Other methods of introducing the H-bond (alco-
hols, sulfonamides) were attempted without success. 

In the context of developing the piperazine SAR of the 
aminothiophene derivatives, we found that an N-trifiu-
oroethyl group resulted in a dramatic decrease in the 
basicity of the piperazine. It became quickly apparent 
that this could be a method for replacing an amide car-
bonyl, while maintaining a neutral nitrogen H-bond. 

The prototype molecule 6 was prepared by condensation 
of trifluoroacetaldehyde with leucinol to form oxazoline 
4 as a 3:1 mixture of diastereomers.9 This oxazoline was 
added to three equiv of 4-bromophenyl magnesium bro-
mide to give trifluoroethylamino alcohol 5 as a 1:1 mix-
ture of diastereomers. More recently, an efficient 
diastereoselective method for the synthesis of this type 
of molecule has appeared.’° Alcohol 5 was oxidized to 
the carboxylic acid using periodic acid catalyzed by 
chromic acid." Coupling of the aminoacetonitrile was 
carried out using conventional methods to give 6 
(Scheme 1). Trifluoroethylamine 6 behaved as a neutral 
molecule on TLC (Rf = 0.40, 40% EtOAc/l% HOAc/ 
hexanes) and could not be extracted from ethyl acetate 
with dilute acid. Titration against Cat K showed that 
6 was 5-fold more potent than the corresponding dipep-
tide derivative 7, even as a 1:1 mixture of diastereomers 
(Table 1). 

Previous work in other series had shown that a phenyl-
piperazine provides optimal binding in S3.7 This P3 
fragment was added to 6 using a Suzuki coupling, as 
previously described.’ The resulting compound was sep-
arated by HPLC into its pure diastereomers 8 and 9. 
Compound 8 has a Cat K IC50 of 5 pM, the most po-
tent compound ever obtained in this program. Only an 
upper bound for this IC50 could be determined due to 
limitations of the assay. 12 Diastereomer 9 was 1000-fold 
less potent in this assay with poor selectivity over Cat L. 

H2N0H 
a HN 

Br 

- MgBr 
F3C b( 

CF3 (LH CF3 

NCN 
c, dOH 

Br 6 Br2 5 

Je,f,g CF3 

N(NCN 
Ho )L 

+ R,S thastereomer 

(’N 
’ a 9 

HN) 

Scheme 1. Reagents and conditions: (a) trifluoroacetaldehyde ethyl 

hemiacetal, benzene, Dean-Stark, 18 h; (b) THF, 0°C, 1 h; (c) H5106 
(3equiv), Cr03, CH3CN, 2h; (d) PyBOP, aminoacetonitrileHCl, 

Et3N, DMF, 14 h; (e) BocPipPhB(OH)2, PdCl2dppf, Na2CO3, DMF, 

90 °C, 6 h; (f) MsOH, THF, 14 h; (g) HPLC separation. 

Table 1. Potency of inhibitors in purified enzyme assays 

Compound IC50 (nM)° 

Cat Kb Cat BC Cat LC Cat S 

2 11 3950 3725 2010 

3 1.0 123 352 102 

6 1.3 3353 34 121 

7 7.3 2477 84 145 

8 <0005d 1111 47 451 

9 4.6 >10,000 68 902 

10 0.015" 344 26 120 

12 0.6 1050 3903 >10,000 

13 5.0 >10,000 >10,000 >10,000 

14 0.4 614 2274 >10,000 

a IC50s are an average of at least two independent titrations. See Ref 15 

for assay conditions. 
bHan1 rabbit enzyme. 
’Human enzyme. 
’Low enzyme conditions�see Ref 12. 

A direct comparison of 8 to the corresponding dipeptide 
10 (not shown) has demonstrated that both potency and 
selectivity were increased by replacing the amide bond 
by a trifluoroethylamine moiety (Table 1). 

To determine the stereochemistry of the active diastereo-
mer, we turned to X-ray crystallography. The diastereo-
mer of intermediate 5, which led to the active 
compounds, was derivatized as an imidazole carboxylic 
ester 11. A single crystal X-ray structure revealed that 
the CF3 center was in the S configuration (Fig. 2). ’ 

In the dipeptide nitrile series of inhibitors, the optimal 
P2 substituent had been found to be a 1,1-cyclohexyl 
group, as exemplified by 12 (L-0062351CRA-013783).5 
When this P2 group was used to replace leucine in the 
trifluoroethylamine compounds, the resulting com-
pound 13 (Fig. 3) was found to be 1000-fold less active 
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Figure 2. ORTEP representation of 11. Non-hydrogen atoms are 
represented by ellipsoids corresponding to 30% probability. Hydrogen 
atoms have been drawn at an arbitrary size. 
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I’ NHO 

�N N ’i Ife12 (L-0062351CRA-013783) 

13 R1 =CF3, R2=H 
14R1 =R2=O 

Figure 3. Optimized dipeptide inhibitor L-006235/CRA-013783 and 
P2-cyclohexyl derivatives 13 and 14. 

than the corresponding amide derivative 14. Molecular 
modeling analysis indicated that a steric clash between 
the CF3 group and the cyclohexyl ring prevents the 
molecule from adopting the conformation required for 
binding. This suggests that only a single substituent 
will be tolerated at P2 when a CF3 group replaces 
the amide carbonyl. 

The role of the CF3 group was explored in a brief SAR 
study (Table 2). No substitution (15) or a simple methyl 
substituent at this position (16) resulted in a dramatic 
loss of activity. Pentafluoroethyl (17) gave similar poten-
cy to CF3. Aromatic substituents were generally quite 
potent, as illustrated by the phenyl sulfone substituent 
(18). With the exception of the hydrogen and methyl 
cases, these amine derivatives tended to have neutral 
properties, as determined by their non-polar behavior 
on TLC analysis. This behavior was qualitatively 

Table 2. Comparison of CF3 replacements 

NCN 

BreH
 o 

Compound IC50 (nM) 

R Cat K° 4’ pKaC 

6 CF3 0.9 0.40 1.3 

15 H 802 0.05 6.7 
16 CH3 988 0.03 6.7 
17 CF2CF3 2.4 0.42 1.8 
18 4-MeSO2Ph 2.5 0.38 4.6 

19 CN 30 0.67 0.7 

Humanized rabbit enzyme. 
bTLC on Si02 plates with 40% EtOAcIl% HOAc/hexanes 
’Calculated using ACDIpKC. 

captured by the PKa of the amine, as calculated by 
ACD/PKa.14 Most interestingly, a nitrile substituent 
(19), which also gave a non-basic compound, showed a 
30-fold loss in activity, implying that the substituent effect 
was more complex than simply neutralizing the amine. 

Compound 6 has been modeled into a Cat K crystal 
structure (Fig. 4). This model shows that the CF3 group 
does not form any lipophilic interactions with the en-
zyme, but rather is directed away from the active site 
into water. The hydrogen bond closely mimics the 
hydrogen bond of the amide, but due to the sp3 hybrid-
ization of the nitrogen, it is oriented better toward the 
Gly66 carbonyl, potentially forming a stronger hydro-
gen bond. The aromatic substituent is situated over 
the glycine shelf in essentially the identical orientation 
as the aromatic group of the dipeptide inhibitors. 

The sum of the above data allows us to propose a ration-
ale for the increased potency of the trifluoroethylamine, 

Figure 4. Compound 6 modeled into the active site of human Cat K 

(pdb entry IMEM) showing the interaction of the P2-P3 trifluoroeth-
ylamine moiety. 
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relative to the amide. The sp2 atoms of the amide impose 
a suboptimal conformational restraint on the aromatic 
ring and the hydrogen bond. In contrast, the CF3 group 
attached to an sp3 carbon orients itself perpendicular to 
the aromatic ring and stabilizes the aromatic ring in its 
bioactive conformation. The sp3 hybridized nitrogen al-
lows the simultaneous formation of an optimal hydro-
gen bond. In the case of compound 19, the nitrile 
substituent is considerably smaller than the CF3 group 
resulting in a low barrier to rotation for the aromatic 
ring. As long as a substituent in this position is large en-
ough to enforce the conformational preference of the 
aromatic ring, and can prevent protonation of the amine 
group at physiological pH, a potent compound will be 
obtained. 

This replacement of an amide with a trifluoroethylamine 
leads to advantages other than potency and selectivity. 
In the dipeptide nitriles, while the P2-P3 amide bond 
was found to be metabolically stable, the P1 -P2 amide 
bond can be hydrolyzed to give the carboxylic acid. This 
was especially apparent in dipeptide inhibitors contain-
ing leucine in P2. Replacing the leucine with cyclohexyl 
effectively blocked this route of metabolism. When the 
P2-P3 amide is replaced by the phenyl ring of compound 
2, this P1 -P2 amide hydrolysis is not observed. Similarly, 
in the case of trifluoroethylamine derivatives described, 
we found no evidence of a PI -P2 amide cleavage, even 
though these compounds contain leucine in P2. 

In conclusion, we have found that trifluoroethylamine is 
an excellent surrogate for the P2 amide bond in the 
inhibitors of Cat K. Not only does this functional group 
enhance potency and selectivity over other cathepsins, 
but the resulting compounds are stable to P1 -P2 amide 
bond cleavage that is observed in analogous dipeptide 
inhibitors. The fully elaborated inhibitor 8 is a -5 pM 
inhibitor of Cat K and is >10,000-fold selective over 
other cathepsins. 
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Abstract�Based on our previous study with trifluoroethylamine as a P2-P3 amide isostere of cathepsin K inhibitor, further optimiza-
tion led to identification of compound 22 (L-873724) as a potent and selective non-basic cathepsin K inhibitor. This compound showed 
excellent pharmacokinetics and efficacy in an ovariectomized (OVX) rhesus monkey model. The volumes of distribution close to unity 
were consistent with this compound not being lysosomotropic, which is a characteristic of basic cathepsin K inhibitors. 
' 2006 Elsevier Ltd. All rights reserved. 

Cathepsin K (Cat K) is a lysosomal cysteine protease 
believed to be the principal enzyme responsible for 
degradation of Type I collagen in osteoclastic bone 
resorption. Thus, an inhibitor of Cat K may be effec-
tive as an anti-resorptive for treatment of osteoporo-
sis.1 Recently, we have reported trifluoroethylamine 
as an excellent amide isostere for the P2-P3 amide 
bond of Cat K inhibitors.2 When compared to the 
corresponding dipeptide inhibitors, the trifluoroethyl-
amine derivatives provided enhanced potency for 
cathepsin K and increased selectivity over other 
cathepsins. Compound 1 was identified as a 5 pM 
inhibitor of Cat K with a selectivity of >10,000-fold 
over other cathepsins. This compound contains a 
biphenyl piperazine P3 substituent, which has been 
found to be critical for both potency and selectivity 
in other series of Cat K inhibitors.3’4 However, we 
have also noted that basic inhibitors are often lyso-
somotropic, which results in increased potency in off-
target cell-based enzyme occupancy assays.’ Indeed, 

Keywords: Bone resorption; Osteoporosis; Cysteine protease; Cathep-
sin K; Cathepsin K inhibitor; Non-basic cathepsin K inhibitor; L-
873724. 
* Corresponding author. Tel.: +1 524 428 3217; e-mail: chunsingJi@ 
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when compound 1 was tested in the whole cell enzyme 
occupancy assays,6 we observed much greater potency 
against cathepsins B, L, and S than was observed in 
the corresponding enzyme assays (Table 1).1 Similar 
potency increases in the functional cathepsin K bone 
resorption assay 8,9 using rabbit osteoclasts were not 
observed.’ Therefore, the high selectivity of 1 observed 
in enzyme assays is reduced when the compound is 
evaluated in these cell-based assays. This reduction 
of selectivity could increase the potential for adverse 
events in clinic due to inhibition of off-target proteas-
es. Nevertheless, the enhanced potency and selectivity 
provided by the trifluoroethylamine amide isostere 
offered an opportunity to re-visit SAR at the P3 re-
gion. Our goal was to identify a potent, selective, 
and orally bioavailable Cat K inhibitor containing a 
non-basic P3 substituent which would be devoid of 
the lysosomotropic properties observed with basic 
Cat K inhibitors. 
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Table 1. Functional, whole cell, and enzyme activity of compound I 

IC50 (nM)  

Enzyme occupancy assays Functional Cat K 

HepG2 HepG2 Ramos Rabbit bone res 
Cat   Cat   Cat   

82 16 7 12a 

Enzyme assays 

Cat B Cat L Cat S Rabbit Cat K 
1111 47 451 

’This value likely represents the lower limit of the assay. 
bIC was determined at a concentration of 10 pM enzyme. 

Our initial synthesis of the trifluoroethylamine moiety 
was not diastereoselective.2 Subsequently an efficient 
diastereoselective method was developed (Scheme 1). 
Commercially available (5)-leucinol was converted to 
imine 2 and then reacted with alkyl, aryl, or heteroaryl 
lithium reagents in a diastereoselective manner.10 

Deprotection of the silyl group gave the desired (SS)-
amino alcohol intermediate 3 with diastereoselectivities 
ranging from 5:1 to 20:1; the accompanying (R,S)-dia-
stereomer could be partially removed by chromatogra-
phy in many cases. Oxidation with periodic acid in the 
presence of catalytic chromium trioxide" provided the 
carboxylic acid intermediate. 12 The diastereomeric pun-

H2N0H 

a,b 
F3CN0T50MS 

c, d 

CF3 e, f 
CF3 

-L 
, 

R N 
H 

H o 
3 4 

Scheme 1. Reagents and conditions: (a) tert-Butyldimethylsilyl chlo-
ride, Et3N, cat. DMAP, CH2C12, room temperature, 2h; (b) triflu-
oroacetaldehyde methyl hemiacetal, benzene, reflux with a Dean-Stark 
trap, overnight, 85% for two steps; (c) R-Li, -78 °C, 2 h; (d) TBAF, 
THF, HOAc, room temperature, 2 h, 15-75% for two steps; (e) H51061 
Cr03, Na2HPO4, CH3CN. 0 °C, I h; (I) aminoacetonitrile hydrochlo-
ride, HATU, Et3N, DMF, room temperature, 2 h, 10-55% for two 
steps. 

ty of this acid could be further improved by trituration 
in diethyl ether or by crystallization of the dicyclohexyl-
amine salt. Amide bond formation between the acid 
intermediate and aminoacetonitnile then afforded 413 

Early in the SAR study, it was quite clear that simple P3 
substituents would not provide sufficient potency and 
selectivity (Table 2). Compound 8 lacking a P3 substitu-
ent (R = H) exhibited low potency against all the tested 
cathepsins. Introduction of a small alkyl substituent 
such as the butyl group in 9 improved the activity, while 
the phenyl analog 10 provided a dramatic improvement 
in potency against cathepsins K, L, and S. The 4-bromo-
substituted analog 11 showed a further improvement in 
potency of Cat K. This beneficial effect of para substitu-
tion on the phenyl group of 10 prompted us to pursue 
our SAR studies in this direction. 

Our strategy for obtaining a wide range of 4-substitut-
ed analogs was to use rapid analog synthesis based on 
a Suzuki coupling reaction with readily available 
boronic acids or arylhalides. For these subsequent 
studies, the bromide S and boronate 6 serve as conve-
nient intermediates for Suzuki coupling reactions to 
provide biaryl inhibitors as represented by compound 
7. Bromide S was obtained from imine 2 as described 
in Scheme 1, where the lithium reagent used was de-
rived from 1,4-dibromobenzene (Scheme 2). In the 
cases where the substitituent in the Ar group of com-
pound 7 could be further transformed, an appropriate 
reaction would be used to complete the conversion 
such as methyl sulfide to methyl sulfone by oxidation 
reaction. 

The results of representative examples are summarized 
in Table 3. The replacement of the bromo substituent 
in 11 with a phenyl group (12) resulted in the improve-
ment of Cat K potency and selectivity against Cat L 
and Cat S, and thus confirmed the beneficial effect of 
para substitution at the proximal phenyl ring. Further 
substitutions on the distal phenyl ring were generally 
tolerated. However, there was no clear trend for the 
SAR on potency and selectivity. Most compounds 
showed selectivities of >5000-fold for cathepsin B, 
>1000-fold for cathepsin L, and >500-fold for cathepsin 
S based on the enzyme assays. Mono-substitution with 
halo (13-15), alkyl (18), electron-donating (19 and 21), 

Table 2. In vitro activity of simple P3 analogs 

, 

Rfl 

Compound R lC’ (nM) 

Cat Kb Cat B Cat L Cat S Bone resc 

8 H 4123 >10,000 >10,000 6183 

9 Butyl 391 >10,000 1950 1308 

10 Phenyl 6.7 >10,000 34 36 200 

11 4-Bromophenyl 0.8 2993 13 54 Ill 

a lC50s are an average of at least two independent titrations. 
b Humanized rabbit enzyme (Ref. 3), see Ref. 6 for assay conditions. 
Rabbit bone resorption assay�functional assay, see Ref. 8 for assay conditions. 
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Scheme 2. Reagents and conditions: (g) ArB(OH)2, PdC12(dppt), aq 
Na2CO3, DMF, 80 ’C; (h) bis(pinacolato)diboron, PdCl2(dppt), 
KOAc; (i) Ar-(Br or I), PdC12(dppt), aq Na2CO3, DMF, 80 ’C. 

and electron-withdrawing (20, 22, 23 and 24) substitu-
ents provided compounds with similar potency against 
the Cat K enzyme (IC50 0.1-0.9 nM). Disubstitution 
was also tolerated, but the substitution patterns were 
critical to potency, as the 3,4-difluoro analog 16 has 
an IC50 of 1.1 nM and the 3,5-difluoro analog 17 is less 
potent with an IC50 of 6 nM against Cat K. Insertion of 

a spacer atom either as an ether linker (25) or a carbonyl 
(26) reduced Cat K potency. Among these biphenyl ana-
logs, the most selective compound appeared to be 13 
with >6000-fold selectivity for Cat S and over 16,000-
fold for cathepsins B and L. The most potent non-basic 
biphenyl analog in the rabbit bone resorption assay is 
the methyl sulfone analog 22. The SAR with heterocy-
clic substituents was also studied. Some representative 
examples are also shown in Table 3. Pyridine 27, thio-
phene 28, thiazole 29, and indole 32 are very potent 
against Cat K, while oxadiazole 30 and pyrimidine 31 
show reduced potency. In the functional rabbit bone 
resorption assay, the pyridine 27 has excellent potencies, 
whereas other heterocyclic analogs are less potent. 
However, pyridine 27 shows poorer selectivity than the 
biphenyl analog 22 against Cat L (267-fold vs 1320-fold) 
and Cat S (206-fold vs 890-fold). The tricyclic P3 ana-
logs 33 and 34 were briefly studied. This modification 
resulted in poor pharmacokinetics in rats and therefore 
was not pursued further. Nevertheless, the SAR showed 
increased selectivity over Cat L and S, but decreased 
selectivity over Cat B (33 vs 22 and 34 vs 27). Among 
two of the best biphenyl analogs, 13 and 22, preliminary 
pharniacokinetic study showed that 22 had superior 

Table 3. In vitro activity of representative P3 analogs 

CF3 

RC/L 
0 

Compound R 

Cat Kb Cat B 

IC50.(nM) 

Cat L Cat S Bone res* 

1 4-Piperazin-I-yI phenyl 0.005" 1111 47 451 12’ 

12 Phenyl 0.2 1605 1473 303 44 

13 2-Fluorophenyl 0.1 6086 1670 614 28’ 

14 3-Fluorophenyl 0.5 2476 2792 278 67’ 

15 4-Fluorophenyl 0.6 5939 887 449 29’ 

16 3,4-Difluorophenyl 1.1 8869 1001 189 46’ 

17 3,5-Difluorophenyl 6 >10,000 3002 249 n.d. 

18 4-Methylphenyl 0.3 1337 809 282 27’ 

19 4-Methoxyphenyl 0.1 1660 560 196 n.d. 

20 4-Cyanophenyl 0.9 7392 344 172 30’ 

21 4-(Methylthio)phenyl 0.2 1400 524 153 50’ 
4-(Methylsulfonyl)phenyl 0.2 5239 264 178 13’ 

23 4-(Aminosulfonyl)phenyl 0.2 1561 470 154 52 

24 3-(Methylsulfonyl)phenyl 0.3 6984 1480 265 53’ 

25 Phenoxy 2.3 >10,000 771 220 88’ 

26 Benzoyl 1.5 >10,000 1915 254 151’ 

27 Pyridin-4-yl 0.3 2374 80 62 19 

28 3-Thienyl 0.2 1155 1475 365 33’ 

29 1,3-Thiazol-2-yI 0.3 4818 878 240 52 

30 3-Methyl-1,2,4-oxadiazol-5-yI 2.6 4073 314 436 118’ 

31 Pyrimidin-2-yl 44 5903 1857 1698 93’ 
32 4-(IH-lndol-4-yl) 0.4 4699 3047 607 80’ 

33 4’-(Methylsulfony)biphenyl-4-yl 1.2 1873 2422 653 5’ 

34 4-Pyridin-4-yl-phenyl <0.2 483 342 188 140’* 

’IC59s are an average of at least two independent titrations unless specified otherwise. 
b Humanized rabbit enzyme (Ref. 3), see Ref. 6 for assay conditions. 
’Rabbit bone resorption assay, see Ref. 8 for assay conditions. 
d lCsewas determined at a concentration of 10 pM enzyme. 
’This value likely represents the lower limit of the assay. 
1L-873724. 

= 1. n.d. = not determined. 
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pharmacokinetics to 13 in rats. Therefore, compound 
22, now designated as L-873724, was selected for further 
profiling. 

L-873724 has good pharmacokinetics in three preclinical 
animal species (Table 4). The volumes of distribution 
close to unity are consistent with this compound not 
being lysosomotropic. In the whole cell enzyme occu-
pancy assays (Table 5), L-873724 showed no significant 
increases in potency against Cat B, L, and S compared 
to isolated enzyme potencies, further evidence support-
ing its non-lysosomotropic character. In addition, 
L-873724 had excellent potency in the rabbit bone 
resorption assay. As a result, L-873724 is anticipated 
to maintain good functional selectivity in vivo. 

The important question of whether a non-basic inhibitor 
L-873724 would show efficacy in an animal model of 
bone resorption now needed to be addressed. The possi-
bility exists that the lysosomotropic properties associat-
ed with basic Cat K inhibitors may help the 
accumulation of compound in the acidic osteoclast 
resorption lacunae where cathespin K digests collagen 
and therefore contribute to efficacy. In this context, 
one could conclude that a non-basic inhibitor would 
show reduced efficacy in vivo. Fortunately, in the ovari-
ectomized (OVX) rhesus monkey model, 14 a mean de-
crease of 68% in urinary uNTx/Cr was observed 
during the six-day on-treatment phase at 3 mg/kg with 
once-daily oral dosing, as indicated in Figure 1. Three 
days following the last dose, uNTxICr levels returned 
to baseline. The response of L-873724 in this model is 
comparable to that of the basic P2�P3 amide dipeptide 
Cat K inhibitor CRA-013783/L-006235 which has simi-
lar in vitro potency. 15 

An X-ray crystallographic structure of compund 23, 
which is a close analog of 22, with Cat K at 2A resolu-
tion has been obtained (Fig. 2, PDB entry 2FD2). Our 
previous model structure2 of trifluoroamine analog into 

Table 4. Pharmacokinetics of 22 (1% methocel as dosing vehicle) 

Species po dose % F 

(mg/kg) 
C 
(riM) 

t,,2 
(h) 

V, 
(L/kg) 

Rat 10 40 
Dog 10 65 
Rhesus monkey 5 24 

4.4 
18 
0.7 

3 
6 
2 

1.4 
0.8 
0.5 

Table 5. Functional, whole cell, and enzyme activity of compound 22 

IC50 (nM) 

Enzyme occupancy assays Functional Cat K 

HepG2 Cat B HepG2 Cat L Ramos Cat S Rabbit bone res 

4807 1221 95 138
 

Enzyme assays 

Cat B Cat L Cat S Rabbit Cat K 
5239 264 178 08b 

’This value likely represents the lower limit of the assay. 
b 
IC50 was determined at a concentration of 10 pM enzyme. 
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Figure 1. Efficacy of compound 22 (L-873724) in the OVX rhesus 
monkey model. 

Cat K shows excellent agreement with the X-ray crystal 
structure. The CF3 group can clearly be seen directed 
out of the active site, toward water. The hydrogen bond 
between the NH adjacent to the CF3 group and the 
G1y66 carbonyl is well formed and closely resembles 
the comparable hydrogen bond found in the P2�P3 
amide dipeptide series. The phenyl group adjacent to 
the CF3 group is coplanar with the glycine shelf 
(Gly66�Gly65) creating a significant hydrophobic inter-
action. Due to the sp3 nature of the trifluoroethylamine 
group, the orientations of phenyl ring over the glycine 
shelf and the orientation of the hydrogen bond are pre-
ferred. This is in contrast to the P2�P3 amide dipeptide 
inhibitors where both of these interactions are subopti-
mal due to the sp2 nature of the linking amide bond. 
The sulfonamide substituent at the distal phenyl ring is 
largely exposed outside the binding pocket and does 
not have significant interaction at the active site. In 
addition, one side of the distal phenyl ring is also ex-
posed to solvent and the other side is in the S3 region 
of the enzyme. This may help to explain why the substi-

Figure 2. X-ray crystal structure of compound 23 bound to Cat K 
showing the P2-P3 trifluoroethylamine group and the hydrogen bond 

it makes to G1y66 (PDB entry 2FDZ). 
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tution pattern of disubstituted analogs is critical for 
potency, 16 versus 17. Overall the binding interactions 
with compound 23 are essentially identical to that of 
the P2�P3 amide dipeptide inhibitors (pdb entry 
1 MEM), without the internal destabilization of the li-
gand found in the dipeptides. 

In summary, we have identified L-873724 as a non-basic, 
potent, and highly selective cathepsin K inhibitor. This 
compound is orally bioavailable, non-lysosomotropic, 
and efficacious in the rhesus monkey bone resorption 
model. 
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The Consequences of Lysosomotropism on the 
Design of Selective Cathepsin K Inhibitors 
W, Crneror Black* and M David PerdvaI 

lritruduction 

The cyteina catheps;ns me 1:’sosomal proteases belonging to 
the CA C papain family, of which eleven have been dentified 
n the Iriman genome (. C. f H. rç L, 0, S. U, W. X (Z)).3 
5irte c’ey are ocriertilly of Iyaosomal, or other acidic compart-
ment’ loalizatior,, most have optimal ativitias at acioic pH 
and mary are rapidly inactiva :ed under neutral or alkaline con-
ditions. The cachepsin family also includes two aspartyl and 
two seine protiass, which again are mainly lysosomal. 

,iistwically..cysteine cathpsins have been reuarded as 
being broadly distributed ami reponaible for general lysoso-
mat protein catabolirn and fw specific role, had been identi-

More recently, however. preferential tissue distributions 
and sqefzif,r s’bstrates and both physiooglcat and pathopy-
siolo&cai mles miave been icientified for averal of these en-
,yrries and  r,umber have oen proposed m therapeutic tar-
get 

CitheisiP K hat garnered parUcuar attention since it is 
highly ;ind somewhat stlocvely expressed in osteoclasts.�the 
giant rrVtinucleated cells rnsrinib!e f.r bone resorption. 
The matrix of bone is comprised of apiOxirnaxely 60 calci-
Uni hydroyapatite and 40% irotein, the majority of the latter 
beirig type I collagen. Osfeoclasts resorb bone by forming a 
t.ght unction wit the boric suiaco and secreting protons 
and proteaes into the me�,to lacuna formed beneath the 
celi to di4solve the mineral a� -d z degrade protein fractions. 
There is consideiable et’idente that cathepsin K is the major 
coHagenolytic erityme resportible for this process. Cathepin K 

the only piotease, apart from matrix metalloprot&nases and 
r.euriophil elite, that is able to cleave the tabe triple -lieu-

cal region of type I collagen Furthermore, both the mouse 
cathepsin K knockout and human pycnodysosotosis patients, 
for which a number of cathepsin K null rni.itations have been 
identified, have osteopetrotic phenotypes, or increased bone 
mass,t4I Osteoporosis is generally a disease of the elderly 
that is characterized by reauced bone mass and an increased 
risk of bone fracture, which results from an imbalance of bone 
resorption and formation. Although there are a number of 
treatments available, a need for novel therapies with increased 
efficacy still elts- The above-described etanetic data, 

as 

well 
as other evidence from pharmacological inhibitorS, Suggest 
that cathepsin K represents a promising novel target for the 
treatment of csteeporosis.’t 61 

nhibitor Design 

The design of inhibitors of cysteine pmtaases is heavily depen-
dent on having an electrophilic centre that can serve ass a thiol 
trap for the active-site cysteine. In the field of cathepsin inhibi-
tors, the vast majority of research efforts have utilized a reac-
tive electrophile, although recently, noncovaliarit series of ca-
thepsin K and cathepsin 5 inhibitois have been described 

Or W. &rk rip. .M. O 
Ppo’tmwrs ct Mdk;nJ Chervr.y a.d $Øhcmii 
Me!deAr SJ&egy en PhcrmacoIo’y 

Memk Prs.r Cvnre for Thqrcastc Research 
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Certain types of eIec.rophile, such as epoxides, vinylsuifones, head. Additionally, compound 2 was found to have high levels 

fie.-methyl ketones, and dia2omethylketones, lead to irrever- of irreversible protein labelling (165 pmolequivmg after I h 

sibk covalent mcioirucat’Qn of the protease. Such inhibitors of incubation ’iith human liver microsomes-’-S. Day, unpUb 

could pose significant safety concerns as drug candidates, but listed results). The ct-amidoacetonitrile group appears to have 

meie excellent tools for identifying and understanding the an optimal level of dectophilicity little reactivity Is observed 

61es of cysteine proteases Other classes of electrophiia., such with sulfur nucleophies such as gIutathione yet potent inhibi-

as eIdehyes, nitriles, and ketones without adjacent leaving tion of cathepsins can still be achieved. 

qrouos trao the nucleophilic cysteirie in a covalent but reversi- An objective measure of nitrite electrophilicity can be ob-

bPs fashion. Ketones have baen perhaps the most thoroughly tamed by incubating compounds with cysteine (3 mm in 

studied- A wide variety of structures are possible by varying p1-I 7.4 phosphate buffer at 57 C for 30 mm), The resulting 

the neure of the substituent on the amino side ("prime side") thialine products (Scheme 2) can be quantified by LC-MS-

u.’ the ketone This provides the ability to modulate the dec MS analysis in comparison to synthetic standards to proviclea 

tr3philielty of the carbonyl group. Additionally, it is possible to ’iieäiifdirnical reÆctivity. In this- assay,’ cyanamide 1 and 

take advantage of additional binding interactions in the SI’ cyanopyrimidine 2 show 71 % and 79% conversion to the cys-

oocket of the enzyme active tite, These advantages are, often teine adduct, respectively. In contrast the -amidoacetonitrile 

countered by the poor pharmacokinetic properties associated derivatives 4 and 6 (Scheme 3) give only 9% and 4% conver-

with the large size of the resulting inhibitors and the configu- sion to the cysteine adduct reactivity, respectively (R. Oballa, 

rational lability of stereocentres adjacent to the ketone moiety. 

Nitrile-containing molecules have been known to Inhhit cys-
 

teine proteases since the late 1960s when benzarnldc’acetoni- 
Addition tj.,,, tile was shown to be a 40(1 .M inhibitor of papain.1 

"(j’ .. 

.y 
of the active-site cysteine to the rtitrile leads to the formation 

;It 
% t- 

of a thicimidate in which the nitrogen protonated by the 2 tsu 

actvesite histidirie residue,’ 
Simple beczo- or alkyinitriies make rather poor eiectrophiles, Scheme 1. Cathepslri inhibitor; with reactive nittile electrophffes. 

but this lectrpMItcity can ba modified signiflcantly by the Ir-

troductiun of electron-withdrawing groups. Cyanamides are 

particularly reactive, and even small rnolecwes containing this 
NH2-

 

electrophile, such as I (Scheme 1), show significant activity in 
______ 

. 

purified atheptin assays, NPAR experiments on I in the i "Ir *C 30 
’fl,, OH R S 

oresence 01 papair have shown the formation of a rersibIe 

isothioura adduct with the active-site cysteine. However. Sehme 2. Corwersion of.  nriIe to thlazoline to assess clectrophilloty. 

this reattivit leads to uriactpt-
bIe ie.?Is of irreversible ccva-
e:t binding 1,532 pmolequiv per [ (Th 
mg after 1 h of cubation 

1,. 

riunan ver mkrosomes) OiOfl .y.LCN ,..cl;zA 
1 14 j 

in th absence of NAPi-I. 1.-re-
versible cov&ent binding -ss 

een coreated to hapteriization 
m5uiung in an immu logicai re-
sponse, such that Merck has set 
A threshold of 50 priil equiv per 
mg protein for development 
car,tiidae. With cQvC!’nt 
binding eleven times above this 
thretho!d, cyanamides woud 
protably make poor drug caridi-
1tes 5r’iularlv the electrophfl:ci-

ty of a henoriitrie ;s dramat’tsl-
ly increased c-y incorporating ru-

rogn atoms into the aromatic 
ring to c,rovle cyaropyridiries 
Cr cya pyrinuidine (d.g., 2) ’ 

In ths sructural cIas, cath-
au K potency tracks with the 
electrophilicity of the nitril war-

H

4 (bacadb. AE6011 o) 

J 5 6 :L-t06235) 

Scheme 3. St ucurer of tthepsin inhibitors. 

L 

cr-
lI..0MK 
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unpublished results). The JoN, level of cysteine adduct forma-

tion in 6 correlated well will rhe observed covalent binding of 

O p !equnh tin iivari liver mcjOsomes. 

The reversibility of the iriibitiOrl of cthepsin K and other 

cystelne cthepsiris by ci4m;docetonitrile inhibitors can often 

be demonstrated by dilution f a preformed enzyme-Inhibitor 

complex into substrate -containing buffer and following the re-

covery of enkyne activity li-gure Such experiments re-

6xi0,. 
/ 

/ 

- 4i)’- / 

Contrci 
3x1- / 

/ 

2x1 �1" //’ 

0 -... 
0 100 1f0 200 250 

Figure 1. Progrets rorve showing te reversibll!ty of cathepsn K inhibit.iv.-
by 6. Human t3ThCifl K IS 1M we; incubated with S nm 6 ft-f 30 min prior 
to a 1O4eld di’lutivn into substrate ( su 
ph 53 buffer. The data were fitted, to an equation dasssibi, first-rdzr re. 

of act’ity. The control resrrients cathepsin K prvtreatd with vehicle 
i)M5A)) pior c. iutionW (3.�R FaI:ueyret unpublished resiiltr), 

quire that the resulting enzyme concentration is below the 
inhibitor Kd, or little recovery of activity will be observed. Al-
thoiyh the inhioitktn of cattepsin 1< by ct-arnidoacetor,itrile 
innibitr is reversible, the predicted thiolmidate covalent corn-

1e can be trapped by rapid denaturatin with organic sol-
vent (ire 2). 

The optimization of a-arnidoacotcnitrile-0rttinino cathe-
psin 1< inhibitors has been larqeiy carried out by using a clipep-
tide template, as illustrated by compound 3(Scheme U. The 
facile synthesis of peptide ailogues hat allowed the struc-
ture-activity relationship (SAR) of the active site to be opti-
mized in rapid lashion. This approach has been guided by the 
aaiiaiiiity of hih-res61ution :’ys;aI structures of inhibitors co-
valently bound to cathesir. K, These structures show a r&a-
tively small, lipopIiiiic 52 pocket and a large, shallow 53 subsite 
featuring an exposed aspartic acid residue.1"1 Peptide inhibitors 
form itydrogen bonds from  hoth the carbonyl and NH of the 
P1 arnide, and an importnr hydrogen bond from the NH of 
re P2 arnid. Art jmino acic 

scor’ of P2 ,howed that leucire 
was pr.e(erred in this poi-
tion? A Li ’-cydohexyl ring in 
this csition prcvide sirniiir 
potency and has the edvantaci-
�s cf ceasetl .ekc,iviry ciV+?r 
other ca;hepsin and reduced 
hydrolysis of th. P1 amide 
bond. 

Mast;! Da Meat; / Da 

Figure 2. IC-MS (CiTOff) speett.tm of a trapped cathepsin K-s-amidoaeetorti-
trik inhibitor thiolmidate c6niplitx, P4 The spectrum of native cathepsin K. 
0) The spectrum of a 1:1 molar rn,xtvrv (2 l.IM) of cathepsin K and -amido-
acetonitrile Inhibitor (molecular mesa 507.6) incubated in pH 55 assay buffer 
for 60 rein and then rapidly denatured by the addition of 1 volume aceront-
tnic. The mesa difference between the two maSs envelopes of panel 0 
(505 Del t;rpnd to the expected mass increase eeaulting frtn the for-
mation of a cathepsin K-thioimidate complex (506.6 Oa).’ 
ettate the reversibitty of the o-ami’.loacetonitrUe inhibitor under these 
buffer conditions, the iathepsin K-inhibltr complex was also created with 
100 pm E64 for 24 h, prior to denaturation and analysis by LC -Ms (QTO 
Micromass). The resulting protein mass was consistent with the quanlitative 
formation of the £64 adduct (J,-P. Fatgueyret and 1’. Lelche, unpublished 
results). 

The SAR of P3 hwed a marked preference for an aromatic 
group attached to the amide carbonyl. X-ray crystallography 
shows this ring siting above the rr-face of a Gly-Gly sequence 
(’glydrie shelf). Substituting this aromatic ring with a basic 
group provides on increase in both potency and selectivity. 
This effect, which has been attributed to a positive ionic inter-
actior. with the P3 aspartic acid ’residue (AspGl), Is not avail-
able in off-target cathepsirms. A wide variety of linkers between 
the aromatic ring and the basic nitrogen are tolerated. A, piper-
azine directly attached to the phriyl grovp gives 4 (AAE581, 
balicatib), a 1.4 nm human cathepsin K inhibitor being devel-
oped by Novartis,t The addition of an intervening thlezole 
between the phenyl ring and the piperazina gives 6 (CRA-
013783, 1-006233), a 0.2 flM inhibitor of human cathepsin Kr443 

A direct comparison of 4 and 6 to their nonbasic morpholine 
analogues S and 7 illustrates the value of the basic P3 substitu-
erit (7abIe I). The pipe razines provide a 25-fold increase in 
cathepsin 1< potency relative to the corresponding morpholirmes 

1811 OW U, OTURSICAM 

Enzyme 
IC [PM) 0a pharacnctics cmpd 

Cat K Cat  
Cat L cars , tLkg-i fin p’) 4 1.4 200 16ODD - 2eticU 4.7 2.9 S 43 157.10 32570 S160 1.9 0.9 6 0. 895 26t >10000 11 40 7 5.5 2 hXI $900 ...’ 10000 0.8 0.3 
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with little effect on the closely related cysteine cathepsins B, L 
or S. ’The pharmacokinetic parameters of the basic and nonba-
sc analogues differ as well. The piperaines 4 and 6 have large 
volumes of distribution with terminal half-lives that are mark-
edly longer than those of the mctrpholines. Since several CYPs, 
including CYPA, are known to preferentlaily recognize hydro-
phobic substrates,’ it is po’sibe that the charged piperazine 
protects the inhibitor from P-mediated metabolism relative 
t the morphotlne, leading to a longer half-life. 

Activity-Based Probes to Measure Cy5tefre 
Cathepsin Activity 

Activity-based probes (ABPs) are elecrc 
hi-OnteinIng inhibi-

tors that irreversibly inactivate their target enzymes by reaction 
with an active-site residue that is critical for enzyme activityPI 

In general, ABPs contain three distinct moieties; the electra-
philk warhead", a linker reg1 that may increase the affinity 
for the target enzyme and provide the desired target specifici-
ty and a tag that is used to identify the labelled protein. This 
tag may, for example, be a ridionuclide, stable isotope, biotin 
or a fluvrescerit dye.t3a An advantage of this technique is 
that the activity of individual proteasas can be estimated in 
intact cells and tissues, without the requirement for specific 
5ubstrates ivir each enzyme of interest. Most recently 
quenched ABPs have bean dveIoped that become fluorescent 
uoon activity-dependent co,&ent modification of the target 
proteasc011 

Several ASPS have been described for cysteine cathepsin, 
The epoxysucdnyl and diaomethylketone (DMI) warhead-
cotairtirig ASPs gtnorally show selectivity for cysteine pro-
teases over otrier protease faities. We have focused on 
DMK-containing AP5. in par11uIar l-BIL.DMK (Scheme 3) to 
follow cysteille cathepsin activity in cells and to identify cell -
based assays capable of cietermining the ootencies of competi-
tive, reversible inhibitors against the ASP Target eathepsins. 
The basis of these cell-ba;ed assays, which are termed 
enzyme-occupancy assays, is the intra&kjlsr competition for 
the tatget enzyme active site between the reversible inhibitor 
nd the irreversible ASP. To uarrtirate ASP labelling, the la-

belled proteins are separated by 10 Or 20 gel electrophoresis 

HepC.2 cells 
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and subjected to autoradiography. When the assay is run 
under appropriate conditions, the IC,, value for the inhibition 
of ASP labelling can give useful information on the cellular 
permeability of the reversible inhibitor and its affinity for the 
cathepsins present in their native environment in the cell. 
Clearly, the use of a single ABP, which is potent against the 
target (cathepsin NJ and off-target enzymes (cathepsin 8, L 5) 
would simplify the development of these assays. rather than 
using a separate ASP for each enzyme. ElV)MK is a relatively 
patent inactivator (kJLI) > 2.6x 1O iu’ ’) of the endopro-
tease cathepsins 5, K, L S. F, and V with apparent IC values of 
less than 100 TIM under the assay conditns of Table 2. 

ltnul lC, fri&r] 

cathepsin B 630 rabbit cathepsrt K 2.1 
cathepin L 6.9 SIr’.h:osin £ 10 

tsthepsin 
c 

ath*psin F 10 
cathepsin H $20 cathepslnV 2.2 
cathepsin 2 >10000 

[al enzyme, itihibitr preiriviibaftri time was 2 mitt, prior to sdft*n of 
sbrtrAte. 

For an ASP to be practically useful, it must be reactive to-
wards a relatively small number of targets from which it must 
also be readily separable. These criteria were met as l-SlL-
PMK specifically labelled only mature, active forms of eathep-
sins B. L 5, and ic when incubated at a concentration of 1 IIM 
for 60 min with HepG2, Ramos and rabbit synoviacyte (Hl(82) 
cells, respectively. Following separation on 20 gels, the radio-
active spots were positively identified by a combination of pre-
dicted molecular mass, p] (isoelectric point), and comigratiort 
with immunoreactive species by Western blotting (Figure 3),l34 

Fortunately, the species labelled by ’I-BlL-PMK, were also 
well separated when run on 10 SOS-PAGE. The optimal condi-
tions for the whole-cell enzyme-occupancy assay With HCpG2. 
Ramos and 111(382 cells require a 60 min preincubatiori of cells 
with reversible test inhibitor to allow penetration of the cell 

Ramos cells Rl 4.0 5.0 80 10 121 as 69 52 40 28 22 11’ HI0112 CellS 4,0 5.0 6.0 8.0 10 ,.’. L2 

Figut e 3. Au of 20 gsk ircm intact l4ep2, lames and NtO82 calls trcatcd with I riM 1I1-BL-DMK for 50 mm, Letters refer to eathmpwn ticntifi. 
3ti5n. & r..r c-hain ftrrn, hc: hea;’y thtn. It: light chain. 
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and establishment of an equilibrium between the inhibitor and 
each cthcpsin to which it bri. This is fliewad by the eddi-
tion QI’ 1 flM l-BlL-DMK and incubation for a further 30 mm, 
during which time cathepsin (bePinq ccrs, The reaction is 
quenched by the addition of a large excess of cold B(L-MK 
prior to cell iysis. The iabeUcl species are then separated by 
1 D SDS-PAGE and each banc is quantified by autoradicigraphy 
to give an lCsg value for each labelled band (Figure 4)P 

Ramc3 HepG2 

- . lt-001625 IL00623t1 

- -- 

f’Cat
 8 (Sing 

Figure 4. Autor3dIeiOrapf6 of tO go s frrn intact Ramos and Hep62 calls in4uMed with 6-10 iw. C fr 60 mm. followed by I flM f’l]-eIL.DMl( for $0 mm, clIs were then treated with to M coki BIL.DMI<. lysed and sepa’a!ed by SOS-PAGS. 

For the results of this 
assay to be meaningful, it is essential 

that the appropriate AP concentration and incubation time 
aie th..seri, A high ASP concentration and/or long incubation 
time would result In the displacement of the reversible test 
compounds causing an underestimation o inhibitor potency. 
To ensure that this was not the case, experiments were per-
formed at shorter, as well 

as 

longer incubation times with the 
probe No significant thffererces in inriiltor IC50 values were 
obseved unkss the ASP incubation time was increased to 
90 rnir., The iritra- or extracellular localization of the cathepsiris 
labeiid by ’l-lL.-DMK iri th three cell types was determined 
by using pairs of celI-permeale and non-cell-permeable inhibi-
tors. In each case, the cell-oermeable inhibitors (84d and 
Q074Me) competed with the 19-6lL-DMl< labelling of cathep-
sins 8. K L, and $, whereas their non call-permeable analogues 
(64 and C4.074) showed no effect at concentrations of up to 
10 

The enzyme-occupancy assays described above were used, 
in curnbinatton with the functional rabbit osteociast bone-re-
sorption assay, to define the cellular selectivity of cathepsin K 
iihibitors against cathepsiris 8, L and A review of the 
data obtained showed chat rr.any compounds appeared more 

potent In the enzyme-occupancy assays than would have been 
predicted on the basis of tI’iŁh’ uifiJ witytitu lC values, In 
contrast, a subset of compounds was not shifted between 
these cell and enzyme assays. A comparicriri of the ctriu-mrc 
of these inhibitors showed that those that appeared more 
potent had a basic-nitrogen-containing P3 moIety. To illustrate 
this point, the potencies of compounds 4-8 against cathepsins 
B, L and S in enzyme-occupancy assays (in HepG2 and Ramos 

cells) are shown in Table 3. The basic-nitrogen-con-
tairting 4, 6, and 8 are of the order of ten- to 80-fold 
more potent in the cell-based enzyme-occupancy 
assays compared to the corresponding purified-
enzyme assays. In contrast the cathepsin 8, L and S 
potencies of the nortbasic 5 and 7 are similar in both 

le
 

chain) assays. The same effect was also detected for ca-
lo dmin) thepsht K. as the potency of the basic 8 was 17-fold 

greater in the rabbit synovioeyte (HIG82 cell) 
enzyme-occupancy assay than against purified rabbit 
cathepsin K. Small increases in potencies were also 
observed for other basic compounds such as 4 and 6 
in this whole-cell enzyme-occupancy assay over the 
purified-enzyme assay. The smaller magnitude of 

these shifts probably reflects the lower limit of the cell-based 
assay of approximately 1 riM and the fact that these com-
pounds are highly potent against cathepsin K. No systematic 
shifts in potencies between the cathepsin 1< enzyme and cell-
based assays were found for rionbasie compounds. afil 

Ly5osomotropism of Cathepsfri Inhibitors 

The increased inhibitor potencies of basic compounds in the 
cell -based enzyme-occupancy assays compared to those in pu-
rified-enzyme assays was attributed to the compounds’ lysoso. 
rnotropic properties. Lysosomnotrpism is the ability of weakly 
basic, lipophilk molecules to accumulate In addle compart-
ments,hia The neutral species 

can diffuse across the cell mem-
brane, but becomes membrane impermeable once protonated 
within the acidic compartment. The degree of compound ac-
cumulation, which can reach several hundred fold, is depen-
dent on compound lipophilic3tc pK, and the p14 difference 
betweer the cytosist and the lysosome/endoseme.t As the 
target and erititarget cathepsins are localized in the addle lyso-
sonie/endosome, the effective inhibitor concentration encouri-

aabbit csthopson K rifirriarl catJiep,in B Human cathein I Wimn csthep;ir 5 Enzyme Cell I462) Bnzyrna Ccli (HepG2l EnzMt Ce!I(HepO7) tn5ym 
Cell (Rarr.os) 4 5 1 4 

30 
61 503 48 65000 25*0 S - - 15400 4400 32000 >10000 52 W. 4$0Q S 1.6 ’0i 17 6300 340 47000 790 1’) 6 4 2 CIO 2 WX 240*0 > ioOoo 27000 >100*0 5 33 2 6O.X 4400 2600 2120 40000 1340 eU om OJ 1111 63 47 16 451 7 U q230 iso:’
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tered by the enzyme is incrttasod relative to that outside the 
acidic compartment The distal P3 nitrogen atoms of ççm-
pund5 4, 6, and 3 have pK, values of 7.04.8, and the mole-
cules have logP values Qf 1,133.5; this is consistent with lyso-
scirnotroOpc behaviour." 

Further studies were cniistent with this lyscsomotropism 
hypothesis. The piperane-thiazole-pher1)4 group of 6 is in-
trinsically fluorescent; this enabled its sub ellular distribution 
to be determined In wholo live cells by two-photon confocal 
microscopy. When treated with 10 AiA 6, HepG2 cells show a 

p’jteed cytoplasmic fluorescence (Figure 5A), whereas vehi-

Figure S. Accumulation of 6 and a within the lysosomes of Hep(52 cells as observed bY 
cwo.pholori confocaf microscopy. l-ieptt2 cells were incubated for 1 h with 10 jim of 
ithcr A) 6. ) 9 or 0 DM50 vehicle (all measured at an original mamflleacion of 2o). 

de-treated cells have little fkorescer,ce (Figure 5Q. This cellu-
lar f1urcence was blocked when the cells were pretreated 
with NH4CI, which causes the disruption of the cytoplasmic-ly-
gosoml pH gradient. A simil;ir pattern of cellular fluorescence 
was obtained with the analogue 9 (Scheme 3), in which the 
electrophilic arnidoacetoriltrile warhead is replaced by an sin-
reaztive trifluoroethylamino group, thus rendering it inactive 
.sgairist cathepsins K, S. L ard S (Figure 5 B). This result mdi-
eates that the accumulation cf 6 is not due to binding to iyso-

somal cathepsins or other activated thiol-containing proteins. 
Furthermore, the fluorescence obtained With 6 colocalized 
with that of the lysosomal probe LysoTrcker DWD-99. (Jnforw-
n2:eJv, the rionhasc 7 does ljol have an appropriate in;rinric 
fluorescence, thus precluding its use as a control. However, fur-

ther studies with a radiolabeled nonbasic cathepsin K inhibitor 
failed to thow any sign of accumulation within cells, in con-

tc the results obtained with a basic-nitrogen-containing 

Th pharmacokinetic propetves of 4 ano 6 are also consis-
tent with lysesomotropic behaviour, as both have relatively 
high vc’ls.’mes of distribution. In rat-tissue-distribution studies, 
both 4 and 6 showed kidney, spleen, liver, and lung levels that 
were -6-i-f old higher than those found in plasma. These 
organs have a high lysosome content, in contrast to fat and 
muscle, in which 4 arid 6 levels were similar to those found in 
prasma. The nonbasic analogue 5 had similar tissue levels iri 
both lysosorne-rich and -isoor organs and in plasma? 

ll 

The results of the ASP whvle-ceU enzyme-occupancy assays 
for cathapsins S. L and S dtribed abovt, indicate that basic 

cathepsin K inhibitors have 9 -eater than anticipated activities 
a9inst these off-target lysoomalfendosomal enzymes. This 
hypothesis was tested by usin a functional cell-based essay of 

iithepsin S activity. Cathepsin S is expressed in the acidic en-

dosome of several antigen-presenting cell types where it plays 

an important role In antigen processing’ Cathepsin S per-

forms the final cleavage of a peptide known as the invariant 
chain ill} which occupies and blocks the peptide-bincling 
groove of the MHC II complex. Cleavage of the Ii p10 fragment 
and its removal from this groove is required before the bind-

ing of antigenic peptide and trafficking of the complex for an-
tigen presentation to C)4 i-cells can occur. The functional 
mouse cathepsin $ ceil-based assay employs an engineered B 
cell line (A20) that presents a specific ovalbumin-derived pep-

tide via MMCII to a responsive T-cell hybridorna cell 
line (DO,1 1.10?. Presentation of the ovalbumin 

pep-

tide to the T-cell stimulates the latter to secrete inter-
leukln-2, which is quantitated. A nonbasic, highly 
potent, and selective cathepsin S inhibitor (10, 
Scheme 3) showed similar potencies in mouse sple-
nocyte enzyn -occupancy and enzyme assays, thus 
demonstrating that it is celi permeable. However, ap-
proximately two orders of potency were lost in the 
mouse antigen-presentation assay, possibly due to 
the requirement for a high degree of cathepsin S in-
hibition for functional activity (Table 4). In contrast, 
the basic inhibitors 4, 6, and 8, which are relatively 

inhibition of mouse cathePln -4 1C." (nivil 

I 4i4’I 
-. 

It.-OCyte) Antigen presentation 

i 10 13 40 1220 

4 6350 480 6180 
6200 

i, 4’ it a 600 
weak against purified mouse cathepsin S (but which show in-

creased activity in the 
splenocyte 

whole-cell enzyme-occupan-
cy assay), exhibit activities in the antigen presentation assay 
that are of the same order as that of 10. These results ,svggest 
that the lysosornotropic properties of 4, 6 and S contribute to 
their potencies In the functional cell-based assayt 

Of course, the lysosomotropic properties of basic cathep-
sin K inhibitors might also contribute to their functional effi-
cacy, as the cathepsin K-mediated degradation of collagen 
occurs in the acidic lacunae beneath the osteodasts, as well as 
in lysosomes within the oste dasts.°1 Indeed, increased basic 
inhibitor potencies in the cathepsin K H11332 cell enzyme-occu-
pancy assay was described above. Therefore, the increased po-
tencies of bask compounds such as 4 and 6 against intracellu-
lar antitarget cathepsins B L and S may be compensated for 
by a corresponding ir’reased potency against cellular cathep-
sin K activity. However, a comparison of the potencies of basic 
and nonbask Inhibitors against purified rabbit cathepsin K and 
the functional rabbit osteoclast bone-resorption assay does 
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riot demonstrate any increased potency for the basic inhibitors 
(Table S)Pll Although the irtri’isit potencies of the basic com-
pounds 4 and 6 against rabbit cathepsin K are greater than 

h3bijr of cat epsin ’ IC flM] Potency 
Rabbit bone shift 

cIipsir K rescciption assay 

Cu S It) 
�1 aS 41 4 
5 33 149 

26 0.8 13 16 

those of their ionbaa,c enaloues 5 and 7 (due to a favourable 
electrostatic interaction with :he 53 aspartic acid)?19 the poten-
cy shifts between the puriflec-enayme assay and the functional 
cell-based assay are roughly equivalent for both inhibitor 
types. Furthermore, examination of the potency shifts between 
purified rabbit cathepsin 1< and bone-resorption assays for 672 
nonbasic and 196 P3 basic-n itroqen-conaining arnidoacetoni-
true cathepsin K inhibitors (Figure 6), shows that both inhibitor 
types suffer approximately tli& same -12-I5-fold decrease in 
potency in the functional assay. 

The lack of advantage of basic cathepsin K inhibitors in func-
tional assays, coupled with vie loss of selectivity in whole-cell 
assay has driven Our search to, a seIjve cathepsin K inhibi-
tor towards rioribask molecules. While this increases the chal-
lenge of achieving lar9e selectivity ratios in enzyme assays, the 
approach seems more certain to provide functional selectivity 

n cell-ased assays and rnit, by extension, provide a safer 
drug for clinical evaluation. 

10 0 

a

 

Non base 
- oflb 

0 W2 

411 

! I[ 
Raobit CaThai,i K Ina 

Pi5urt C. Rekoticriship between rabt catheptiej it 
rabb isseaalast bone-rs;pvion asry patencles for basic a’v 
nr,bsia a-,n,Q aton,triIe athe’s’r, it inhibitor, 5,ic c-
1hepsin K inhibitors stiffer on avera! C 12.2-fold shift % cot-
f;denc,s lirriitt, 5.6-1 55) betweer the en’m’, ond bore.’esorp-
bc essr, nci ninbasK inhibitors tufter a 15.5-fI’i snift ’95% 
cor.fidnae limits, 143-16 M. D. PErcival, unpublished dzite 

Peptidomimetics and Nbasic Inhibitors 

Extensive SAR studies ontfte-dipeptide riitrile series convinced 
us that it would not be possible to achieve an acceptable level 
of selectivity in the absence of a basic P3 group. In an attempt 
to identify a novel series with improved properties, we turned 
to peptidomimeties. X-ray crystallography of dipeptide inhibi-
tors bound to cathepsin K shows that the P1�P2 amide forms 
hydrogen bonds to the protein with both the NH and carbonyl 
components. While replacement of this amide by a pyrimidine 
or purina has been demonstr*ted,t the potency of the result-

log 

inhibitors is dependent on the reactivity of the nitrile war-
head and did not appear to us to be ’a viable series. Other 131�
P2 amide replacements that we investigated led to a consider-

able loss of potency. 

The P2�P3 amide bond appeared much more amenable to 
modification. It forms only one hydrogen bond to G1y66 with 
the NH, while the iarbonyI projects into solution)R This Im-
plies that the P2�P3 amide bond might be replaced with an I-i-
bond-donating isostere without dramatic loss of potency. Pre-
vious experiments had shown that replacement of the entire 
amide bond with a phenyl ring resulted in compounds of 
modest potency and excellent pharrnacokinetics (e.g., com-
pound S). Introduction of an aniline NH to form the impor-
tant hydrogen bond to G1y66 led to a dramatic improvement 
in potenc31 The aniline nitrogen has low basicity and is not 
protonated in the biological milieu, thus making it an excellent 
H-bond donor. Replacing the aniline with an aminothiophene 
moiety provided a compound (11, Scheme 41 with optimal p0-
tericy and selectivity. In this series, a basic PS qroup provided 
compounds with excellent enzyme selectivity over off-target 
cathepsins. However, compounds with neutral P3 groups (e.g., 
12) have poor selectivity over cathepsins L and S (Table 6). Ad-
ditionally, the aminothiophene group had unacceptable levels 

of covalent binding in microsomal preparations, possibly due 

to amine oxidation (5. Day, unpublished results). Replacement 
of the eminothiophene with more electron-deficient heterocy-
cles (ag., 13) resuited in lower levels of covalent binding, but 
the selectivity problems with nonbasic P3 groups persisted 

jNCN 1LCN yo )Jo 11 HO 12 Scheme 4. Ami hetrtycte-bascd cathepsin It Inhibitors. Chernaiocnant 2006, 7. 7.525- is;,; (0 2006 Wiley-VOl Verlee GinbH &Co. KGaA, Weinheim www.chembiochem.org 1531 
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M part of the effort to ac–ess this problem, we modified 
the baskity of the piperidine ring of compound 13 with flvo-
roalk’,l ubttuent. in n attempt to fine a compromise 
between lysosomotropism and selectivity. A monofluoroethyl 
substituent led to a molecule 14) that 

was still basic but with 
a potency and selectivity profile that compare favourably to 
those of 13. In contrast, the trdiuoroethyi analogue 15 ap-
peared to be completely neutral, as judged by its nonpoi?r 
behaviour on silica-gel chromatography (calculated pK 1.4). 
The poteflcy and selectivity of this molecule were reduced 
considerably; this is consistent with other nonbasic molecules 
In this series, a result that prpted us to abandon attempts 
at pK modulation. 

The observation that this "Cr,group rer.dered the nitrogen 
nonbasic was highly relevant to our parallel effort of P2-173 
amide-bond replacement. A version of this functional group 
with a secondary amine would seem perfectly suited to replac-
irig ’the carbonyl group of the P2�P3 amide bond. This is 
indeed the case, as replacing this amide bond of the dipptid 
Inhibitor 16 with a trifluoroethylamine as a diastereomeric mix-
ture results in compound 17, which has a tenfold increase in 
potency against cathepsin K (Scheme IL is noteworthy 
that this potency enhancement is only obtained 

in molecules 

With single P2 substituerns, such as leucine. In the case of the 
’2 1,1’ycheyI group (19) a signscart 

loss in 

potency is 
obtained. This appears to be due to a stenic interaction be-
tween the P2 alkyl group and trie CF3 moiety that prevents the 

,1 
(iyCN 

is 

17 
CS! I jiM 

Cot 7inss 

Scimq S. Effect of Cff amide repl;crntrst on dipeptide sefiet. of c sthe-
iri ,, ir.l’bito:i. 

molecule from adopting a biologically active conformation. 
This trifluoroethylamine amide surrogate has previously been 
used to good effect by Zanda and co-workers.14 

Adding the potency-boosting P3 phenylpiperidine to this 
template provides a molecule (Scheme 6) with exceptional po-

H 20 Scheme S. l’rlfluoroethylamine derivative 20, a 5 p cathepsin K Inhibitor, 

tency and selectivity in enzyme assays. Compound 20 is a 
.-5 pm Inhibitor of humanized rabbit cathepsin K and is 
> 10000-fold selective against other cathepsinsP41 In this series 
of Inhibitors, the active diastereomer is that with the S configu-
ration at the CF3 stereocentre. The R isomer is essentially inac-
tive (data not shown). While the enhanced potency of the pi 
perazine-containing 20 makes a nice showcase for the trifluor-
oethylamine amide replacement. its basic, lipophilie nature 
suggests that this compound will also be lysosomotropic. Data 
to support this are provided by potency in whole-cell assays, 
in which 20 is found to be three- to 64-fold more potent than 
in the corresponding enzyme assays (Table 3). Moreover, the 
extreme enzyme potency of this compound does not lead to 
enhanced functional activity. In the rabbit osteocla5t bone-
resorption assay,1141 the potency of compound 20 is 12 n, a 
1200-fold shift over the cathepsin K IC, The reason for this is 
unclear, but might be due to the assay "bottoming our due to 
the high concentration of cathepsin K in the osteoclast At face 
value though. these data do not support the hypothesis that 
the lysosomotropic properties of basic inhibitors would lead to 
enhanced cathepsin K inhibition in the acidic resorption lacu-
nae of osteoclasts, 

While nonbasic dipeptide inhibitors show poor potency and 
selectEvitc the improved potency and selectivity of the trifluor-
oethylarnine inhibitors prompted us to re-examine  nombasir 
P3 substituerits as a means of avoiding the liabilities of lysoso-
motropism. Indeed, numerous aromatic P3 groups provided 
compounds with subnanomolar potency arid high levels of se-
lectivity against cathepirss B, L and S. Pyridirsyl (23), thiazolyl 
24), and 4-substituted phenyl (23) all showed considerable 

promise (Table 7). With a wide range of molecules to choose 
from, preclinilcal pharmacokirsetks and activity in the in vitro 
bone-resorption assay with rabbit osteoclasts were evaluated 
for a number of compounds. The added polarity of a sulfone 
(26) or sulfonamide (27) moiety in the 4-position of the bi-
pheny( led to compounds with particularly attractive i*arma 
cokinetks. On the basis of its overall profile, compound 26 (L-
873724) was selected for further evaIuation."° 

The lack of a basic group ii 26 suggests that it should not 

have iysosomotropic properties. Indeed, the low volume of dis-
tribution 0.4 L kg") observed in rat pharmacotcinetks distin-

1532 www.thembioehom.org C 2006 WUey-VCH Verlag GmbM&. KGeA. Weinheim CemWoChin 2006, 7, 1525- 1555 
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guihad it from basic catheps ii K inhibitors we have evaluated. An X-ray crystal structure of sulfonamide 27 bound to ca-
When 26 was evaluated inwhole-cell assays, the activity ob- thepsiri K has been obtained at 2 A resolution (Figure 8). The 

ser,ed was comparable to that seen in purified-enzyme assays cyst&re adducts (thiolmidate), P1�P2 amide bond, and P2 Icu-

crabe .. The shift between the rabbit eriyme potency and dne moiety all bind In analogous fashion to the dipeptide in-

the furctional osteoclasts bone�resorption assay was 16-fold, hibitors. The CF.:.group is directed out of the active site to-

which is cornparabe to that observed for the lysosomotropic wards water, and the 14U of the trlflucroethylamlne forms a 

inhibitor 6 (Table 41 well-defined hydrogen bond to the carbonyl of G$y66 that Is 

While thiS nonbesic cathepsin K inhibitor showed compara similar to the hydrogen bond formed by the P2�P3 amide of 

bie potency to the basic inHbitor S Jr the osteclast bane- the dipeptide inhibitors. However, the spi2 hybridization of this 
resorption assay, it was unclear whether a noribasic inhibitor nitrogen allows a superior orientation of this hydrogen band 
would hive comparable acth’ity in vivo. Since the resorption relative to the sp2 nitrogen of an amide. The aromatic ring is 
lacuna of an osseociast is eddie, it would seem reasonable to positioned over the hydrophobic glycune shelf formed by the 

assume that a basic derivative would concentrate in the re pt-surface of G1y65 and Gly66. While a similar interaction is 
gions Qf high c.atliepsin K act vity, leading to efficacy at lower found in the dipeptide inhibitors, the sp3 benzylk carbon 
systemic exposure, Potential :ifferences in compound dlstribu- allows for en optimal orientation of this aromatic ring. The 
tion and the question of vhether the in vitro bone resorption distal phenyl ring occupies the 53 binding site, while the ul-
iould accurately distinguish potent inhibitors contributed to fonarnide group projects into water and has no significant 
this unceraimy, The concept was tested in an overiectomized interaction with the enzyme. This is consistent with the forgiv-
rhesus nionkey model whereii N-telopeptide fragments (NIT-,) ing SAR of this portion of the inhibitor, 
rGSu!tin9 from collagen degradation were quantified as a mea- The fact that the CF3 group itself does not have any binding 
sure of bone resorption. Previously, the basic inhibitor 6 (L- interactions with the enzyme suggests that it may be replaced 
O0235) had giver. a 66% reduction in urinary 14�ix over six by ether electron-withdrawing groups without impacting po-
days of oral dosing at 5 m l’g (Figure 7A). The nonbasc tency. This concept was explored in a brief 5AR study (Table 8). 
inhibitor 26 L47374, wa tested in this model at the eciuiva- Compounds containing replacements for the CF, group were 
lent S mcj dose and gave an identical 6836 inhibition of evaluated for amine basicity as well as for potency against 
uNTt Figure? ). hotably. the uNTx levels return to bawiine cathepsin K. To estimate basidt)& a simple TIC method in the 
three days alter cessation of reatment; this indites the re- presence of acetic acid was used that correlated reasonably 
versibility of this mechanism -)nd distinguishes it from bis- well with calculated pK, (Table 8). Both a pentafluoroethyl 
pliO$pnonate treatment."’ Clearly. basicity is not required for group (28) and a phenylsulfone (29) in this position provided 
efficacy in cathepsiri K unhibitoii, compounds with similar activity to that of the CF derivative. 

-�’--
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In ccntast, a methy s stit,ent leads to an inactive corn-
pound (30), probably due to the basic nature of the resulting 
amine. Surprisingly, a riltrile iubstituerit (31). while generating 
a noribask amine, resulteci i a marked loss in potency: this 
suqests that the CF group coes more than simply neutralize 
the arnir. We propose that the CP, group or a similar large 
wbstituent imposes a steric constraint rn the orientation of 
the aromatic ring, forcing it to adopt a biologically active con-
k,rrr,ation. The much smaller nitrile results in a low barrier to 

Figure S. X-ray crystal structure of compound 27 bound to cathepsin K 
Showing the P2�P3 trifluoroethylamiie group and the hydrogen bond It 
makes to clyOO (P05 ID; 2FC’Z). Reprinted from ref, 1461, Copyright (2006), 
with permission froi Elitrher 

rotation for the aromatic ring and is unable to enforce this pre-
ferred conformer. 

Conclusion 

Lysosornotropsm is a common feature of many marketed 
drugs (e.g., fluoxetine, chlorpromazine, imipramine, and azi-
thromycin). This physical property might in fact lead to imn-
proied pherrnacokinetk propertie5: a drug that is sequestered 
in the lysosomes will have reduced exposure to hepatic CYPe, 
thus allowing the lysosome to act as a depot that will release 
the drug slowly and result in a long terminal half-life, One can 
also imagine a scenario in which the target protein is located 
in me lysosorne. In this cases a lysosomotropic compound 
might provide pharmacological activity with low systemic ex-
posure. This could be the case with cathepsin 5, for which an 
augmentation of functional cellular activity by basic Inhibitors 
was observed, Mditiorially, when all off-target proteins are 
located in the same acidic compartment, lysosomotropiam 
would not result in a change in functional selectivity. Cystelne 
cathepsins can also be active as secreted and cell n-iembraria-
associated enzymes. In these cases, no effect of Iysosomotror-
ism on inhibitor potency may be expected, However, in the 
case of cathepsin K inhibitors, tysosomotropic compounds 
have no advantage in potency over nonbasic analogues in 
either the functional cell -based bone-resorption assay or in a 
primate model of osteoporosis. This suggests that activity 
against off-target lysosomat cathepsins will be increased by a 
basic lysosomotropic compound in the face of unaltered cath-
epsin K activity, poteritiaHy leading to undesired pharmacologi-
cal effects. Therefore, in order to preserve the selectivity of a 
cathepsin K inhibitor, it is prudent to design nonbasic inhibi-
tors. Noribasic inhibitors of cathepsin K in which a trifluoro-
ethylarnine has replaced the P2 amide bond have subnanan,o-
lam potency and show high selectivity over other cathepsins, 

1534 ww.chembioc}u!tn.org 2006 Wiley-VCi-1 Verlaq 6m6;4 &Co. FtGA, Wanheirn ChmCk’CMrn 2005. 7 7525- 7535 
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Abstract�Odanacatib is a potent, selective, and neutral cathepsin K inhibitor which was developed to address the metabolic liabil-
ities of the Cat K inhibitor L-873724. Substituting P1 and modifying the P2 side chain led to a metabolically robust inhibitor with a 
long half-life in preclinical species. Odanacatib was more selective in whole cell assays than the published Cat K inhibitors balicatib 
and relacatib. Evaluation in dermal fibroblast culture showed minimal intracellular collagen accumulation relative to less selective 
Cat K inhibitors. 
' 2008 Elsevier Ltd. All rights reserved. 

Cathepsin K (Cat K) is a lysosomal cysteine protease 
that is highly expressed in osteoclasts, the cells responsi-
ble for bone degradation during bone remodeling. Type 
I collagen is a major component of bone and Cat K has 
high collagenase activity, particularly at the acidic pH 
that is required to dissolve the calcium hydroxyapatite 
component of bone. Emerging evidence that Cat K is 
the primary enzyme involved in osteoclastic bone 
resorption has made it an important target for the treat-
ment of osteoporosis.’ Several studies have shown that 
Cat K deficiency leads to an increase in bone mineral 
density (BMD).2 Pharmacological studies of Cat K 
inhibitors in rats3 and monkeys’ have shown reductions 
in biochemical markers of bone resorption and 

Keywords: Cathepsin K; Cysteine protease; Odanacatib; MK-0822; 
Osteoporosis. 
* Corresponding author. Tel.: +1 514 428 3073; fax: +1 514 428 
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increased BMD. Recently, clinical data have been dis-
closed for the Cat K inhibitor balicatib (Fig. 1), demon-
strating a reduction of biochemical markers of bone 
resorption and increases in BMD over 1 year of 
treatment. 

We have previously reported on our effort to identify 
potent and selective inhibitors of Cat K.6 Our initial 
proof-of-concept compound, L-006235, was highly 
selective over cathepsins B, L, and S in enzyme assays 
and had good pharmacokinetics.7 However more de-
tailed studies revealed that the selectivity profile ns 
was severely eroded in more physiologically relevant 
cell-based enzyme occupancy assays.’ The relevance of 
these data was demonstrated in a Cat S-dependent B cell 
line assay in which L-006235 blocked antigen presenta-
tion. This loss of selectivity in cell-based assays can be 
explained by the lysosomotropic properties of these ba-
sic, lipophilic compounds. Since off-target cathepsins are 
found in lysosomes (pH 4-5), the lysosomal accumula-
tion of a basic Cat K inhibitor results in an apparent in-
crease in potency on these anti-targets. High selectivity 
will be important to the success of a development candi-
date, precluding the use of a basic moiety in inhibitor 
design. 

Balicatib is structurally related to L-006235 and is also 
lysosomotropic.8 Whole cell assays showed poor selec-
tivity as was observed for L-006235. Recently it was an-
nounced that the Phase II development of balicatib has 
been discontinued due to skin rash and rarer incidences 
of morphea-like skin changes.’ Another Cat K inhibitor 
in clinical development, relacatib, is non-basic and 
therefore not lysosomotropic, but has poor selectivity 
over cathepsins B, L, S, and V in enzyme assays. 10 

Our initial attempts to remove the basic substituent in 
P3 led to Cat K inhibitors with poor activity, selectivity, 
and pharmacokinetic properties. The loss in activity was 
attributed to the loss of a beneficial ionic interaction be-
tween the charged amine and Asp 61 in the S3 pocket.’ 
Since this residue is absent in the off-target cathepsins, 
the potencies against the anti-targets were not dramati-
cally affected and selectivity was consequently reduced. 
Replacing the P2 amide bond with a trifluoroethylamine 
provided a 10- to 20-fold increase in potency on Cat 
K." Using this motif, neutral inhibitors with high po-
tency and selectivity were prepared. L-873724 was iden-
tified as a 0.2 nM Cat K inhibitor. with >800-fold 
selectivity over other cathepsins. In vivo studies showed 
that this neutral Cat K inhibitor suppressed biochemical 
markers of bone resorption in a rhesus monkey model. 12 

L-873724 has metabolic liabilities that prevented its fur-
ther development. An analysis of its metabolic profile 
provided guidance for addressing these liabilities. Subse-
quent blocking of the key metabolic sites resulted in the 
identification of odanacatib (MK-0822) which is cur-
rently in clinical development. 

The pharmacokinetics of L-873724 in rat, dog, and 
monkey have been reported.’2 The short half-life (2 h) 
and clearance (Cl = 7.5 mL/min/kg) in monkey raised 

concerns that this compound may not be suitable for 
once-daily dosing in humans. Incubations in human 
hepatocytes showed that the major route of metabolism 
was hydroxylation on the methine of the leucine side 
chain (1) 13 as shown in Scheme 1. A minor pathway 
leading to the hydrolysis of the P1 amide bond (2) was 
also observed. Analysis of plasma from several species 
showed several circulating metabolites. In particular, 
the lactone 3 was found to be circulating at high levels 
in rhesus monkey (lOx L-873724 concentration at 8 h) 
even though it was only a minor component in rat plas-
ma. To understand the potential relevance of this 
metabolite to humans, a synthetic standard of 3 was 
incubated in fresh plasma from rat, rhesus monkey, 
and human. In all three species, the lactone hydrolyzed 
to hydroxyacid 4 over the course of the incubation 
(37 °C, 1 h). However this hydrolysis was much more 
efficient in rat plasma (500/u conversion) than in rhesus 
monkey plasma (S% conversion). The extent of hydroly-
sis in human plasma was intermediate (28-40% conver-
sion) leading us to conclude that this metabolite would 
likely circulate in humans. 

Further investigations revealed that the leucine hydroxyl-
ation occurred exclusively due to CYP3A activity. Add-
ing the CYP3A inhibitor ketoconazole to the 
hepatocyte incubations resulted in a near-complete 
blockade of metabolism. When L-873724 was incubated 
for 1 h in pooled human microsomes, only a 10% recov-
ery of the parent drug was observed. Microsomal incuba-
tion in the presence of a CYP3A inhibitory antibody gave 
>90% recovery of parent drug. Finally, incubation with 
several recombinant CYPs (IA1, 21361, 3A4, 2C9*1, 
2C92, 2C9*3, and 209) showed that only CYP3A led 
to detectable metabolite formation. Metabolism by only 
CYP3A can lead to variable exposure when co-dosed 
with other drugs that are CYP3A inhibitors and inducers. 

To address the metabolic liabilities listed above, both 
the P1 and P2 residues were modified to minimize leu-
cine hydroxylation, amide hydrolysis, and lactonization 
(Table 1). Most P1 substituents resulted in a loss of 
activity. One of the more active compounds (14) was 
provided by incorporation of an (S)-benzyl group, but 
the corresponding increase in potency on cathepsins B, 
L, and S resulted in a poor selectivity profile. The (R)-

L-873724 

CF3H 
N.CN 

MeSO2 2 MeSOA0 r2 - 

H 
CF3 CF3  

OH 

’O
 

r2MeS00H0 MeSO2CH0 

3 4 

Scheme 1. Metabolic pathways for L-873724 based on in vitro and 
in vivo studies. 
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Table I. In vitro activity of L-873724 analogues with P1 substitution and stabilized P2 groups 

CF3R1 H 

MeO2S 

925 

Compound R’ R2 lC50 (nM) 

Cat Kb Cat B Cat L Cat S 

L-873724 i-Bu H, H 0.2 5239 264 178 
12 i-Bu (S)-Me, H 1.2 >10,000 3389 2237 
13 i-Bu (RIS)-Ph, H 0.6 3453 667 217 
14 i-Bu (S)-Bn, H 0.6 953 67 38 
15 i-Bu (R)-Bn, H 5.1 >10,000 2940 2834 
16 i-Bu 1,1-Me2 4.0 >10,000 >10,000 2489 
17 i-Bu l,l-cPr 0.3 >10,000 456 266 
18 i-Bu 1,1-cBu 16 >10,000 >10,000 >10,000 

CF3 

19 rL... 1,1-cPr 0.3 >10,000 262 56 

CF 
20 1,1-cPr 0.4 >10,000 2650 170 

21 l,l-cPr 0.2 100 472 17 

22 1,1-cPr <0.2 1528 110 15 

23 1,1-cPr 1.5 434 750 89 1_J<F 

IF 
24 (odanacatib) 1,1-cPr 0.2 1034 2995 60 

a 

c0 values represent an average of at least three titrations. Standard deviations for these assays were typically within 35% of the 1050 values. 
bHumanized rabbit Cat K (Ref. 6); others are human enzymes. See Ref. 17 for assay conditions. 

benzyl group provided a compound (15) that is 8-fold 
less potent, suggesting that there is limited space for sub-
stituents in the back of the P1 pocket. The gem-dimethyl 
substituted 16 shows similar behavior. The optimal sub-
stituent was a 1,1-cyclopropane ring (17) which gave an 
in vitro profile similar to that of the unsubstituted ami-
nonitrile. Increasing the ring size to a 1 ,1-cyclobutane 
substituent (18) resulted in a 50-fold loss in potency, 
again demonstrating the restrictions of the P1 pocket. 

Previous SAR studies of cathepsin inhibitors have 
shown that the P2 substituent is critical to achieving 
both potency and selectivity.’ For Cat K, an isobutyl 
substituent in P2 has been found to provide an optimal 
in vitro profile. The metabolic liability of this group led 
us to attempt metabolic stabilization by introducing 
halogens in various locations. Even though the steric 

differences of the resulting inhibitors are subtle, the im-
pact on both Cat K potency and selectivity is significant 
(Table 1). For example, the two diastereomers 19 and 
20, while having similar potency on Cat K, show a 10-
fold difference in Cat L potency. The difluoropropyl side 
chain 21 has similar potency on Cat K, but has poor 
selectivity on Cat B, L, and S. The dichloroethyl side 
chain 22 has increased potency against all the tested 
cathepsins, while the trifluoroethyl derivative 23 loses 
activity on Cat K, but gains activity on Cat B. The opti-
mal combination of potency and selectivity was found 
with the 4-fluoroleucine derivative 24 (odanacatib, 
MK-0822). It was particularly gratifying to note that 
this compound had little activity on Cat L, since the 
Cat L�I� mouse shows several undesirable pheno-
types.’4 Evaluation against other cathepsins gave IC50s 
of 795 nM versus Cat F and 762 nM versus Cat V. There 
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was no measurable activity versus cathepsins C, H, and 
Z (>10 i.tM). Odanacatib is a reversible inhibitor of Cat 
K with on- and off-rates of 5.3 x 106 M s and 
0.0008 s_I (t112 ’s 14 mm), respectively. 

The inhibitors described above were prepared according 
to methods analogous to those published previously. 12 

The route is exemplified by the synthesis of odanacatib 
(24) in Scheme 2. The synthesis of 4-fluoroleucinol be-
gins with commercially available aspartic acid derivative 
5. Reduction of the acid followed by activation with to-
sic anhydride provides the cyclic carbamate 6. Methyl 
Grignard addition to the benzyl ester and fluorination 
of the resulting tertiary alcohol gave fluoride 7. Carba-
mate hydrolysis with barium hydroxide proceeded in 
quantitative yield and the resulting amino alcohol was 
silylated to facilitate isolation and provide stereochemi-
cal control in the subsequent imine addition step. Con-
densation of 8 with trifluoroacetaldehyde hemiacetal 
provided imine 9 which was treated with bromophenylli-
thium to give the trifluoroethylamine in a 10:1 ratio of 
S,S to R,S diastereomers. Desilylation followed by peri-
odic acid oxidation 15 under anhydrous conditions gave 
the carboxylic acid which was crystallized as the dicyclo-
hexylamine salt to give >99% de. Amide formation with 
cyclopropaneaminoacetonitrile proceeded using HATU 
to provide 11. Suzuki coupling followed by sulfide oxi-
dation then provided odanacatib 24. The P2 amino acids 
and aminoalcohols required for analogues 19-23 were 
prepared according to literature methods and converted 
into final products as described in Scheme 2. Details are 
provided in Supplementary material. Additional syn-
thetic routes to this class of compounds have been 
reported. 16 

The potency of odanacatib was evaluated in a functional 
bone resorption assay using rabbit osteoclasts cultured 
on bovine bone. Since the majority of our Cat K inhib-

’ ?0213n F 
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Scheme 2. Reagents and conditions: (a) C1COOiBu, NMM, NaBH4, 
DME, 85%; (b) Ts20, pyr, dichloroethane, 83%; (c) MeMgBr, toluene/ 
THF, 85%; (d) DAST, CH2Cl2, 60%; (e) Ba(OH)2, EtOH/H20, 100%; 
(t) TBSCI, Et3N; (g) CF3C(OH)OEt, PhH, 88% (two steps); (h) 
BrPhLi, THF; (i) TBAF, THF, 75% (two steps); U) H5106, Cr03, 
CH3CN, 60%; (k) 1-amino-1-cyanocyclopropane hydrochloride, 
i-Pr2NEt, HATU, DMF, 80%; (1) MeSPhB(OH)2, PdCl2dppf, Na2CO3, 
DMF, 70%; (m) H202, Na2WO42H20, Bu4NHSO4, EtOAc, 97%. 

itors are less potent on rabbit Cat K than on human Cat 
K, a ’corrected bone res’ value has been calculated based 
on the difference between the rabbit and human 
potencies (Table 2). This allows comparisons of func-
tional potency to be made between compounds in a 
human context. Odanacatib showed potency similar to 
L-873724 and was 3- to 4-fold more potent than balica-
tib and relacatib. The reduced potency of inhibitors in 
this assay relative to the Cat K enzyme assay may reflect 
the high fractional inhibition of Cat K required to inhi-
bit bone resorption in osteoclasts. 

Odanacatib was evaluated in whole cell enzyme occu-
pancy assays using human HepG2 cells (Cat B, L) and 
Ramos cells (Cat S) for selectivity versus off-target 
cathepsins (Table 3) as previously described.’7 In these 
whole cell assays, odanacatib showed similar potencies 
to those obtained in the corresponding purified enzyme 
assays. This provided a high degree of selectivity versus 
the corrected bone res Cat K assay, particularly com-
pared to the other catibs. The lowest selectivity of odan-
acatib is against Cat 5, so its potential to inhibit Cat S 
in vitro was addressed with two functional assays. 
Odanacatib was a weak inhibitor of antigen presenta-
tion, measured in a mouse B cell line (1050 = 1.5 – 
0.4 I.LM), compared to the Cat S inhibitor LHVS 

(IC50 = 0.001 p.tM) in the same assay.’ Odanacatib also 
showed weak inhibition of the processing of the MHC 
II invariant chain protein lip 10 in mouse splenocytes 
compared to LHVS (minimum inhibitory concentration 
1-10 tM versus 0.01 IM, respectively)." The potency of 
odanacatib is 4-fold greater against isolated mouse Cat 
S than human Cat S, therefore the potential for Cat S 
mediated immunosuppression appears to be low. 

Cathepsins B, K, L, S, and V are all expressed in skin 
tissue and have some ability to degrade collagen and 

Table 2. Cat K enzyme activity and functional bone resorption assay 

Compound 1C (nM) 

Human Rabbit Rabbit Bone ’Corrected’ 
Cat K Cat K Res’ Bone Res’ 

L-873724 0.2 0.8 13 – 1 3 
Odanacatib 0.2 1.0 23 – 6 5 
Balicatib 0.6 2.7 97 – 13 22 
Relacatib 05b 0.5 15 – 2 15 

a IC50 values represent an average of at least three titrations – SEM. 
bHumanl rabbit Cat K. 
’Bone res IC50 x hCat K ICdrabCat K IC50. 

Table 3. Whole cell potency on cathepsins K, B, L, and S 

Compound IC50 (nM) 

Cat K ’Corrected’ Enzyme occupancy 
Bone Res  

Cat   Cat   Cat   
(HepG2) (HepG2) (Ramos) 

L-873724 3 4807 1221 95 
Odanacatib 5 1050 4843 45 
Balicatib 22 61 48 2900 
Relacatib 15 14 2 8 
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extracellular matrix. A key pathway for collagen degra-
dation by fibroblasts involves MMP-dependent partial 
digestion and phagocytosis, followed by cysteine 
cathepsin-dependent intracellular degradation. 19.20 We 
hypothesized that the fibrotic events caused by balicatib9 

are due to inhibition of multiple cathepsins by virtue of 
its lysosomotropic nature, resulting in a build up of ma-
trix. A cellular model was used in which primary human 
dermal fibroblasts (HDF) were cultured in 3-13 collagen 
gel and inhibitors added for the final 3 days.2’ The cells 
were removed from the collagen by collagenase treat-
ment, fixed and permeabilized, and intracellular type I 
collagen detected using an anti-type I collagen mAb 
and a FITC-labeled 2°Ab with quantitation by flow 
cytometry (see Supplementary material). Balicatib and 
the non-selective cathepsin inhibitors relacatib (Fig. 2) 
and E64IE64d (data not shown) caused a 3- to 7-fold 
accumulation of intracellular Type I collagen in HDF 
at concentrations of 1-10 1.tM. In contrast, an inactive 
structural analogue of balicatib (compound 2 in Ref. 
8) and an inactive diastereomer of relacatib (compound 
13 in Ref. 10) showed less than 1.5-fold accumulation of 
collagen at concentrations up to 10 p.tM (data not 
shown). The high degree of cellular selectivity of odan-
acatib was again demonstrated by its minimal effect on 
collagen accumulation, even at the relatively high con-
centration of 10 .tM (Fig. 2). 

Odanacatib exhibited excellent metabolic stability in 
hepatocyte incubations across several species. In stan-
dard incubations (2 x 106 cells/mL, 20 riM, 2 h), a 96% 
recovery of parent was found in rat hepatocytes and a 
98% recovery was obtained in rhesus monkey hepato-
cytes. High recovery (>99%) was observed in both dog 
and human hepatocyte incubations. 

The pharmacokinetics of odanacatib were evaluated in 
several preclinical species (Table 4). This molecule is 
highly crystalline with low aqueous solubility, and oral 

I 
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6 I � Bailcatib 
elacatib 

ROdanacatib y H: 
’ 
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0  
rL 0.01 0.1 1 10 

Inhibitor Concentration (MM) 

Figure 2. Effect of balicatib, relacatib, and odanacatib on the 
intracellular accumulation of Type I collagen in cultured primary 
human dermal fibroblasts. The data represent the average – SD for at 
least n = 2 experiments for each inhibitor. A similar profile was 
observed using cells from a second donor. 

Table 4. Pharmacokinetics of odanacatib (0.5% methocel + 0.2% SDS 

as oral vehicle) 

Species po Dose %F Cl Half-life Vdss 
(mg/kg) (mUmin/kg) (h) (L/kg) 

Rat 10 8 2.0 6 1.1 
Dog 5 6 0.13 57 0.6 

Rh. Monk. 5 7 6.1 18 1.6 

bioavailability was found to be highly dependent on 
vehicle, dosage, and sample preparation. For example, 
in the dog, the oral bioavailability when dosed as a sus-
pension in 0.5% methocel was only 6% at 5 mg/kg, but 
increased to 100% when dosed as an amorphous disper-
sion prepared by adding a PEG-200 solution of the com-
pound to methocel with sonication. Similarly, the 
bioavailability in rats when dosed at 5 mg/kg as a solu-
tion in PEG400 was found to be 38%. The half-lives 
were long in all species and were consistent with the ob-
served metabolic stability. 

In conclusion, by blocking the sites of metabolism on L-
873724, a compound was identified with minimal 
in vitro metabolism and long half-lives in preclinical spe-
cies. Odanacatib has greater bone resorption activity 
and greater selectivity versus off-target cathepsins than 
do balicatib and relacatib. This reduced activity against 
other cathepsins may be responsible for the lower level 
of undesired collagen accumulation in skin fibroblasts 
compared to balicatib and relacatib. Odanacatib is cur-
rently in clinical development for the treatment of post-
menopausal osteoporosis. 

Supplementary data 

Supplementary data associated with this article can 
be found, in the online version, at doi:10.1016/j.bmcl. 
2007.12.047. 
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Cathepsin K Inhibitors: A Novel Target 
for Osteoporosis Therapy 
SA Stoch1 and JA Wagner’ 

Osteoporosis is characterized by low bone mass with skeletal matrix degradation necessary for bone resorption. Cathepsins 

fragility and an increased risk of fracture. This bone loss is have known collagenolytic activity under acidic conditions and 
brought about by an imbalance between bone resorption 
and formation. Cathepsin K is the most abundant cysteine 
protease expressed in the osteoclast and is believed to be 
instrumental in bone matrix degradation necessary for bone 
resorption. Cathepsin K inhibitors represent a novel target for 
developing agents to treat osteoporosis and other disorders 
characterized by increased bone resorption. 

In the United States, -’10 million Americans have osteoporosis 
(8 million women and 2 million men), while another 34 million 
individuals have osteopenia, resulting in a significant propor-
tion of the population to be deemed "at risk:’ Osteoporosis is 
most commonly found in postmenopausal women. Men account 
for 20% of patients with osteoporosis. The major current anti-
osteoporotic therapies include treatment using bisphosphonates 
(alendronate, risedronate, ibandronate, and zoledronate), estro-
gens, selective estrogen receptor modulators (raloxifene, bazedox-
ifene), and parathyroid hormone (PTH). Other niche treatments 
include calcitoriin, vitamin D derivatives, and strontium (in some 
countries). Except for PTH and strontium, these drugs inhibit 
bone resorption. In the next 5 years, additional therapies are 
likely to be approved, including the anti-RANK-ligand mono-
clonal antibody (denosumab), and cathepsin K inhibitors. 

Osteoclastic bone resorption requires two processes: deminer-
alization of the inorganic bone components and degradation of 
the organic bone matrix (Figure 1). These two processes occur 
in the osteoclast in a coordinated fashion by two separate mech-
anisms. The first phase involves acid secretion by the osteoclast 
into the resorption lacunae, and the second phase is the organic 
matrix degradation by cysteine proteases. An acidic microen-
vironment is required for bone resorption, both to dissolve the 
mineral component of bone and to aid protein matrix digestion. 
This unique metabolic milieu is achieved by lowering the pH in 
the resorption lacunae via acid secretion by the osteoclast. 

cathepsin K is capable of degrading type-i collagen, the major 
component of bone matrix.’ The finding of cathepsin K defi-
ciency in pycnodysostosis,2 an osteopetrotic disorder charac-
terized by decreased bone resorption, further underscores the 
importance of this enzyme as a potential target for developing 
agents to treat osteoporosis and other disorders characterized 
by increased bone resorption. 

CHEMISTRY AND ACTIONS OF CATHEPSIN K 
Cathepsin K is a member of the papain family of cysteine pro-
teases and is both selectively and highly expressed in osteoclasts 
that mediate bone resorption.3 Activated cathepsin K is capable 
of degrading several components ofbone matrix, including type 
I collagen (which accounts for -90% of bone matrix), osteopon-
tin, and osteonectin. 

Cathepsin K was originally cloned from rabbit osteoclasts4 and 
thereafter from human osteoclasts and shown to be homologous 
to other cathepsins.5 Bone resorption is mediated by osteoclasts, 
which attach to the bone surface, thereby generating an acidified 
subosteoclastic bone-resorbing compartment.6 While cathep-
sin K is highly expressed in osteoclasts, very low levels exist in 
other tissues, including the heart, liver, and lung.’ The enzyme 
can be detected extracellularly in bone resorption lacunae and 
intracellularly in vesicles, granules, and vacuoles throughout the 
cytoplasm of osteoclasts.8 

Cathepsin K is the most abundant cysteine protease expressed - 
in the osteoclast and is believed to be instrumental in bone property for inhibitors intended for chronic use.9 While many 

DESIGN OF INHIBITORS 
The designing of specific cathepsin K inhibitors has progressed 
over recent years. The initial cathepsin K inhibitors bound irre-
versibly to the cysteine protease, thereby conferring the theo-
retical possibility of generating antigenic and immunologic 
complications, if used chronically. Subsequent inhibitors bound 
reversibly, but lacked adequate selectivity. Recently, more potent 
reversible inhibitors of cathepsin K have been generated that 
contain less-reactive functional groups, which is a desirable 
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Figure 1 Diagram highlighting potential therapeutic targets, including cathepsin K. for pharmacological manipulation. 

of these approaches to cathepsin K inhibition involved peptide 
molecules, potency and selectivity were hampered by their 
high molecular weights and poor pharmacokinetic properties. 
However, newer classes of lower molecular-weight compounds 
with a high degree of selectivity for inhibition of cathepsin 
K have now been identified.10 

IN VITRO STUDIES 

As part of profiling preclinical candidates, a number of in vitro 
studies testing cathepsin K inhibitors have been performed. 
Several peptide inhibitors of cathepsin K demonstrate potent inhi-
bition of osteoclast-mediated bone resorption in a concentration-
dependent manner using the PTh-stimulated fetal rat long bone 
model.’1 Given the challenges of culturing human osteoclasts 
from bone marrow cultures,12 human osteoclastoma-derived 
osteoclasts which are phenotypically identical to human osteo-
clasts have been used for in vitro testing of novel antiresorptive 
compounds.13 Importantly, the potency of cathepsin K inhibi-
tors using these cells correlates with the results obtained in assays 
based on recombinant human cathepsin K (r2 = 

IN VIVO STUDIES 

A number of animal models, including rodents, rabbits, and 
non-human primates, have been used to evaluate potential 
osteoporosis therapies before testing in humans. Monkey 
cathepsin K is identical to mature human cathepsin K both in 
sequence and kinetics. 14 The similarities between the human 

and monkey cathepsin Ks, coupled with the knowledge that the 
ovariectomized (OVX) monkey is an excellent model for human 
osteoporosis,15 indicate that these models will be appropriate for 
evaluating inhibitors in vivo. 

In addition to using preclinical animal models to define effi-
cacy and pharmacokinetic and pharmacodynamic correlations 
to guide initial dosing targets for the clinic, animal models are 
also required from a regulatory standpoint. US and EU guidances 
for the development of anti-osteoporosis agents require preclini-
cal demonstration of bone of normal quality (architecture, mass, 
and strength) in two species (rodent and non-rodent; ovariecto-
mized). It is generally accepted that the ovariectomized rat is a 
useful model of human bone loss because it responds similarly 
to humans in regard to effects of mechanical forces as well as to 
hormone and drug treatment. However, there is less unanimity 
regarding the relevance of mouse models of postmenopausal bone 
loss. Although mice are readily available and the knockout and 
transgenic mouse models lend themselves to elegant experimen-
tation and genetic analysis, the mouse strains differ in peak bone 
mass and susceptibility to bone loss, 16 Furthermore, differences 
exist in how the human and mouse skeletons respond to estro-
gen.’6 Nevertheless, the mouse model has utility in evaluating 
new chemical entities and their effects on mitigating bone loss. 

Mouse models 

Knockout mouse. The cathepsin K knockout mouse serves as 
an excellent model for analyzing the two distinct effects of 
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osteoclast-mediated bone resorption: demineralization and 
organic matrix degradation, 16 and closely captures the phe-
notype of the human disease pycnodysostosis. Cathepsin 
K-deficient mice, generated by targeted disruption of the 
cathepsin K gene exhibit an osteopetrotic phenotype charac-
terized by thick bone trabeculae.17 There is evidence confirm-
ing that these findings are associated with increases in bone 
strength. 18 

Ovarlectomizedmice. Cathepsin K inhibitors are usually designed 
to demonstrate activity against the human enzyme, and are 
significantly less potent (in the order of two orders of mag-
nitude) against mouse and rat cathepsin K.20 Nevertheless, 
cathepsin K inhibitors have been shown to prevent bone loss 
in OVX mice21 without appearing to disturb the anabolic 
action of PTH, suggesting that the combination of a cathepsin 
K inhibitor with an anabolic agent may offer additional bone 
mass increases when compared with that seen with a bisphos-
phonate and an anabolic. The predictive nature of this finding 
will need to be confirmed both in additional clinical models 
and in the clinic. 

Rat models 
Although the OVX rat model is a classic animal model for 
evaluating bone active compounds, the rat is not the preferred 
species for testing cathepsin K inhibitors because the cathep-
sin K enzyme in rodents has low homology with the human 
enzyme. Notwithstanding this, cathepsin K inhibitors have 
demonstrated potent antiresorptive activity when evaluated in 
established in vivo models of acute bone resorption, including 
the thyroparathyroidectomized (TPTX) rat model,22 and the 
OVX rat model.23 

Rabbit models 
Given the interspecies sequence variation that exists in cathepsin 
K, a rabbit model has been established to evaluate cathepsin K 
inhibitors. While the rodent cathepsin K enzyme is only 88% 
homologous to the human enzyme, the sequence in the rabbit is 
96% identical to human cathepsin K, and the monkey enzyme is 
identical to human.24 Cathepsin K inhibitors have demonstrated 
pharmacodynamic activity with increased bone mineral density 
(BMD) in both the OVX rabbit25 and "rabbit Schenk" models. 
In the recently validated rabbit Schenk assay, which imitated the 
growing rat model, cathepsin K inhibitors have yielded increases 
in BMD in a dose-dependent manner, with efficacy comparable 
with that of alendronate.25 

Non-human primates 
The OVX rhesus monkey, an estrogen deficiency bone loss 
model characterized by accelerated bone resorption and for-
mation, has been used to characterize bone active compounds. 
When selective cathepsin K inhibitors are administered to OVX 
rhesus monkeys, robust suppression of biochemical markers of 
bone resorption is observed. Oral dosing of the potent, selec-
tive, benzamide-containing aminonitrile, L-006235 to OVX rhe-
sus monkeys once daily for 7 days results in a dose-dependent 
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decrease in indices of bone resorption (Figures 2 and 3)�26 Similar 
decreases have also been observed with the administration of 
another cathepsin K inhibitor, relacatib (SB-462795), which 
decreases bone resorption and increases blood PTH levels.27 

Human studies 
Although there are currently no approved cathepsin K inhibi-
tors, proof of concept for the mechanism has been established. 
At least two cathepsin K inhibitors, odanacatib (MK-0822) and 
balicatib (AAE581), have demonstrated pharmacodynamic 
activity based on reductions in bone resorption markers and 
increases in BMD in humans. Three doses of odanacatib (0.5, 
2.5, and 10 mg) were administered once daily to 30 postmeno-
pausal female subjects (N= 10 per group (8 active, 2 placebo)) 
for 21 days. Robust reductions in urine N-telopeptide (uNTx; 
-80%) were seen following daily administration of 2.5 and 
10 mg of odanacatib for 21 days, whereas more modest reduc-
tions in uNTx (-15%) were seen following administration 
of 0.5 mg for 21 days.28 The effects of odanacatib on serum 
CTx (sCTx) were similar to those seen with uNTx, eliciting a 
response of -15, -70, and -80% reduction following 21 days 
of dosing odanacatib at 0.5, 2.5, and 10 mg, respectively. No 
significant effect was seen on bone-formation markers such 
as bone-specific alkaline phosphatase and osteocalcin.28 

Since osteoporosis therapies have pioneered the paradigm of 
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less-frequent dosing (once weekly, once monthly, and even 
twice yearly), and given the long pharmacokinetic half-life 
of odanacatib, it has also been evaluated in a once-weekly 
dosing paradigm in 48 postmenopausal women. Four panels 
of 12 postmenopausal female subjects (9 active, 3 placebo) 
were administered 5, 25, 50, and 100 mg odanacatib or pla-
cebo once weekly for 3 weeks.29 Robust reductions in serum 
CTx and urine NTx (-50%) at trough (C168 h) were seen fol-
lowing weekly administration of 25, 50, and 100 mg in post-
menopausal women for 3 weeks.29 More recently, data from a 
multicenter, randomized, placebo-controlled trial have been 
presented that demonstrates increases in lumbar spine (LS) and 
femoral neck BMD following 12 months of dosing in 399 post-
menopausal women (64.2 – 7.8 years) with low BMD (mean 
T-scores :5 -2.0 and ?! -3.5) at LS, femoral neck, trochanter, or 
total hip.30 Treatment resulted in dose-dependent increases in 
BMD from baseline. The highest dose of odanacatib evaluated 
(50 mg) resulted in a 3.4% increase in LS BMD, a 2.5% increase 
in femoral neck BMD, and a 58% reduction in uNTxICr.30 
Odanacatib was shown to be generally safe and well tolerated 
with no dose-related trends in adverse experiences. 29 Rash was 
reported in 8.4 and 3.8% of those in the placebo and 50-mg 
arms, respectively. Among those participants in the placebo 
arm, nine discontinued owing to adverse experiences, and four 
owing to adverse experiences in the 50-mg odanacatib arm. 

In a 12-week randomized-controlled clinical trial performed 
in 140 postmenopausal women (N = 28/group), patients were 
randomized to daily oral doses of balicatib (5, 10, 25, or 50 mg) 
or placebo.3’ A dose-dependent reduction in uNTx from base-
line of -26.5, -48.0, -49.9, and -59.0% was observed for the 5, 
10, 25, and 50 mg doses of balicatib, respectively. The demon-
stration of a favorable effect of balicatib on BMD has also been 
reported.32 In a multicenter, randomized, placebo-controlled, 
12-month study, 675 postmenopausal women (mean age 62 
years) with LS BMD T-score less than -2, were treated with 5, 
10, 25, or 50 mg balicatib daily or placebo. Balicatib increased 
LS BMD (1.20,3.16,4.41, and 4.46% for the 5, 10,25, and 50 mg 
doses, respectively, vs. 0.25% for placebo, P < 0.0005 for the 10, 
25, and 50 mg groups vs. placebo)32. Balicatib also increased hip 
BMD (0.07, 1.77, 2.2 1, and 2.25% for the 5, 10, 25, and 50 mg 
doses, respectively, vs. 0.29% for placebo, P < 0.0005 for the 
10, 25, and 50 mg groups vs. placebo).32 A dose-dependent 
reduction in bone resorption markers with little effect on 
serum bone-formation markers (osteocalcin, bone-specific 
alkaline phosphatase, and N-terminal propeptide of type I 
collagen (sP1NP)) were observed. A higher incidence of skin 
adverse experiences (mainly pruritus) was observed. A small 
number of patients experienced scleroderma/morphea-like skin 
changes which improved after discontinuing therapy.32 

Prior to the recent clinical experience with cathepsin K inhibi-
tors, the only data available on cathepsin K deficiency in humans, 
were the findings from patients with pycnodysostosis. These 
individuals (both children and adults) also tend to have a reduc-
tion in bone resorption markers (uNTx, sCTx). In a report in 6 
affected adults, uNTx measured 16 – 8 vs. 37 – 16nmolfl bone 
collagen equivalents mmol/l creatinine in controls, P < 0.01, and 

was significantly reduced in 17 affected children (P < 0.0003)." 
No abnormality was seen in markers of bone formation, osteo-
calcin, or carboxy-terminal propeptide of type I collagen (PICP), 
suggesting normal osteoblast activity.33 Bone biopsies obtained 
from patients with pycnodysostosis reveal disturbances in bone 
remodeling34 which may contribute to the increase in fragility 
fractures reported in patients with pycnodysostosis. However, 
the relevance of these findings in pyknodysostosis patients to 
any potential impact on bone strength in patients with osteo-
porosis treated with cathepsin K inhibitors is not known. It is 
clear that patients with pycnodysostosis have a life-long total 
absence of cathepsin K�a scenario quite different from the par-
tial pharmacological inhibition in patients treated with cathep-
sin K inhibitors for osteoporosis. 

CONCLUSIONS 
In summary, the evolution of cathepsin K as a tractable osteo-
porosis target highlights the astute clinical observation of a high 
bone mass phenotype (pycnodysostosis), elegant science with 
the validation of potent and selective inhibitors in predictive 
models, and ultimately the inhibition of bone resorption with 
increased bone mass in patients with osteoporosis. 
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Como resultado del examen de fondo, realizado con fundamento en el artIculo 45 de 
la Decision 486 de la ComisiOn de la Comunidad Andina, se le comunica: 

Documentos estudiados 

DescripciOn: Folios: 22 a 220 como se radicO inicialmente. 

Reivindicaciones: Folios: 221 a 258 como se radicO inicialmente. 
Folios: 392 a 427 Modificado 

Prioridad: Folios I a (5 de Marzo de 2002,US601361,818). 
(9 de Septiembre de 2002,US60/408,704). 

Respuesta del solicitante: Folios 370 a 390 y428 a 460 

Objeto de la invención 

Titulo de la solicitud: Inhibidores de la cisteln-proteasa catepsina. 

El objeto de la presente solicilud de patente de invenciOn consiste en: 
Compuestos de N-cianometilamida derivados. 

Reivindicaciones 1-13 : Compuesto de Ia fOrmula (I): 

RrRam .. .c-’ 

R  

: R’R 

ReivindicaciOn 14 : ComposiciOn farmacØutica del compuesto de formula I. 
ReivindicaciOn 15 : Composiciones farmacØuticas del compuesto de fOrmula I 
en combinaciOn con otros agentes. 



El problema planteado en esta solicitud es la necesidad de compuestos de N-
cianometilamida derivados como inhibidores de la cistein proteasa, incluyendo, 
inhibidores de captesinas K ,L, S y B y que son citiles en el tratamiento de 
osteoporosis. 

Para sotucionar este problema tØcnico la solicitud en estudio proporciona 
compuestos de fOrmula (I), composiciones farmacØuticas que emplean los 
compuestos de fOrmula (I) y procedimientos de preparaciOn de dichas 
composiciones farmacØuticas. 

El objeto de la invenciOn definido anteriormente se clasificO de acuerdo con 
la ClasificaciOn Internacional de Patentes (IPC) C07D295112; A61 K311275; 
A61 K31/381, A61 P19/10, C07C255125. 

De la solicitud de Patente 

Reivindicaciones (articulo 30 D 486) 

Para la reivindicaciOn I se encuentran tØrminos no concisos como: 

� Para RI , R2, 0, R9, Ra, Rb se encuentra el tØrmino, heterociclilo: No se 
especifica el nümero de miembros ni los heteroÆtomos que lo conforman. 

� Para cuando R3 y R4 o R4 y R8 o Ra y Rb o Rc y Rd forman el anillo 
heterociclilo no especifica los heteroÆtomos que puede tener. 

� Se encuentran tØrminos como hidroxialquilo, alcoxi, haloalquilo, arilaiquilo, 
heteroarilalquilo, haloalcoxi : No se especifica para la parte aiquilica el 
nümero de Ætomos de carbono que puede tener. 

Para las reivindicaciones 1, 5 y 8 se encuentra no son claras ni concisas porque 

Cuando se define arilo " ............o bicIclico estable de hastal 2 àtomos en 
cada anillo? ......... , y cuando se define a heteroarilo " ..............0 triciclico o 
de hasta 10 àtomos en cada anhllo?. 

No se delimita adecuadamente en que rango de Ætomos de carbono o miembros que 
conforman los anillos. Se debe colocar como por ejemplo si fuera el caso de arilo 
de 6 a 12 àtomos de carbono. Lo mismo para los heteroarilo. 

En la reivindicaciOn I se encuentran los tØrminos: 

� Para cuando R3 y R4 se unen para formar un "C cicloalquenilo" 
� Para cuando Ray Rb o Rc y Rd se unen para formar un "C heterociclilo" 

Los cuales no son daros por un orden incorrecto en la traducciOn. Lo correcto es 
cicloalquenilo C y heterociclilo C. 



4I 
4’o 

TambiØn dentro de la reivindicaciôn I se encuentra cuando se define a 
Ra, Rb que cuando se habla de que los grupos heteroarilo o heterociclilo 

pueden estar opcionalmente sustituidos sobre el carbono o el 
heteroàtomo? con uno........". No es claro como todos los heteroàtomos 
(entre ellos el oxigeno o el Azufre) pueden estar opcionalmente sustituidos. 

� En la reivindicaciOn I se habla de los sustituyentes Ra y Rb . Sin embargo 
dentro de la reivindicaciOn no se encuentran grupos que los contengan. 

� La reivindicación 15 , no es clara ni concisa ya que existen multiples 
posibilidades de composiciones farmacØuticas obtenidas de la combinaciôn 
de "los compuestos de la formula I con otros agentes como los descritos. 
Adicionalmente este Despacho no encuentra sustento tØcnico dentro de la 
descripciOn de dichas combinaciones; no hay evaluaciOn sobre su interacción, 
co-acciOn, por ejemplo si crean sinergismo etc., . Por lo tanto se le sugiere al 
solicitante eliminar dicha reivindicaciOn. 

Respuesta a los argumentos del solicitante: 

Se aceptan los argumentos expuestos por el solicitante de los folios 370 a 390 y los 
documentos aportados de los folio 428 a 460, en donde se evidencia Ia unidad 
inventiva , la novedad y el nivel inventivo de la solicitud. Sin embargo la actual 
solicitud para su nuevo capitulo reivindicatorio, aUn presenta deficiencias por 
claridad y concisiOn tal como se evidenciO anteriormente las cuales deben ser 
superadas. 

En cuanto a las reivindicaciones 9-13 a pesar que figuran como independientes 
encontramos que los compuestos que allI se divulgan a pesar que estÆn 
debidamente sustentados en la descripciOn no son congruentes con la reivindicaciôn 
I que es la que define el objeto del invenciOn. Esto se demuestra a continuaciOn. 

Por ejemplo uno de los compuestos que divulga dicha reivindicaciOn corresponde al: 

N2-[1 -(1,1 ’-bifenil-4-iJ)-2 ,2,2-trifluoroetil]-N1 -(cianometil )-L-

leucinamida: 

y presenta Ia siguiente estructuraE

 R6

 

FF 

I NH 

EDNH

 

R7? 

Si observamos la reivindicaciOn 1 encontramos que se reclama el compuesto de 

nGRR4R3H N 
RDfr(NXG 

formula. 
As 6 Fe R 

Donde: RI , R2, R4, R5 y R8 son hidrOgeno. 
R3 es aiquilo C16, ( 2-metilpropilo) 
R6 es haloalquilo. 
Desarilo. nesl 



.44 

R7 es como se define en el folio 393. 

Sin embargo como se puede observar en el correspondiente folio con las nuevas 
modificaciones, R7 no se define como un grupo arilo y el compuesto no estaria 
dentro del alcance de la reivindicaciOn que define la invenciOn (1). 

Por lo tanto se le sugiere y recomienda al solicitante restringir los compuestos de la 
actual solicitud de acuerdo a to divulgado en la reivindicaciOn 9 o a las tablas 
divulgadas en la descripciOn de los folios 44 a 53 las cuales se encuentran 
descritas de manera clara y concisa y a la cuales este Despacho reconoce el 
cumplimiento de los requisitos de patentabilidad. 

Conclusion: 

En cumplimiento del articulo 45 de la Decision 486 de la ComisiOn de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta dias 
contados a partir de la fetha de notificaciOn de la presente comunicaciOn. En ceso 
de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta 
subsistieran los impedimentos para la concesiOn, se denegarÆ la patente. 

NotifIquese el presente oficlo conforme a lo dispuesto en el articulo 8 de la 
resoluciOn reglamentaria No. 00210 del 15 de enero de 2001, advirtiendo que contra 
Øl no procede recurso alguno en la via gubemativa. 

ALIX CARMENZA C4PEDES DE VERGEL 
Jefe de DivisiOn de ?4uevas Creaciones 

El anterior requerimiento fue notificado por fijaciOn en lista, de fecha 
AGO. 2O1I; 
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