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Re: P1.-MERCK FROSST CANADA LTD. Y AXYS PHARMACEUTICALS,
INC.-Solicitud de Patente de Invencién en Fase Nacional PCT para

"INHIBIDORES DE LA CISTEIN-PROTEASA CATEPSINA”.-Clase
AG61K.-Expediente nimero 04-085.271.-

1. Me refiero al auto dictado por ese Despacho notificado por fijacion 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 Sefior
Examinador en su Concepto Técnico No. 1975 sobre la patentabilidad de la presente
solicitud en lo referente a claridad, unidad de invencién, excepciones a Ila
patentabilidad y falta de novedad, me permito dirigir su atencién a las siguientes
modificaciones y argumentos técnicos, por medio de los cuales se superan

completamente dichas objeciones.

3. Claridad De la Solicitud.

3.1 Descripcién.

El sefior Examinador objeta la claridad de la descripcion de la presente
invencion sefialando que “/la invencién no se encuentra sustentada en el aparte
descriptivo de la solicitud”. El Sefior Examinador resalta que no se encuentran datos
para los ensayos de inhibicion de Catepsinas K, S, By L, y que “"no se observa

ninguna ventaja sobre los compuestos del estado de la técnica”.
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Sobre ese particular me permito manifestar que tal como fue presentada, la
descripcion es clara al revelar los compuestos materia de la presente solicitud, como

me permito exponer a continuacién:

La descripcion de la solicitud en estudio claramente ensefia nuevos compuestos
que tienen actividad inhibitoria frente a catepsinas. Mas aun, como se ha presentado
dicha descripcidon la persona versada en la materia podria entender qué tipos de
compuestos son considerados en la invencion, como obtenerlos y su utilidad como

inhibidores de cistein-proteasas.

Dado el gran nimero de compuestos considerados (Ver por ejemplo paginas 32
a 63 de la descripcién, o la reivindicacién 9) es muy dificil consignar en la descripcién
los resultados de los ensayos de inhibicion obtenidos con todos los compuestos. Sin
embargo, la descripcion claramente manifiesta que los compuestos aqui revelados
actdan como inhibidores de catepsinas (pagina 63), y es claro que dicha actividad
ha sido comprobada por el solicitante. En este punto me permito resaltar lo
preceptuado en ei parrafo primero del Articulo 28 de la Decisién Andina 486 de 2000,

en relacién con su literal ¢):

“Articulo 28.- La descripcién deberd divulgar la invencién de manera

suficientemente clara y completa para su comprensién y para que una
persona capacitada en la materia técnica correspondiente pueda ejecutarla.

La descripcién de la invencion indicaré el nombre de la invencién e incluird la

siguiente informacion:

¢) una descripcién de la invencion en términos que permitan la comprension del
problema técnico y de la solucién aportada por la invencién, exponiendo las
diferencias y eventuales ventajas con respecto a la tecnologia anterior;"
(Resaltado fuera de texto).

A la luz del citado articulo, la descripcién de la presente solicitud es clara toda

vez que la persona versada en la materia, a partir de dicha descripcién, podria
comprender que la invencion se relaciona con nuevos compuestos que sirven como
inhibidores de catepsinas, y podria a partir de las especificaciones alli consignadas

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

suficiencia de la descripcién ensefia el Manuel Andino para el Examen de Patentes:

“El propédsito de la descripcién es asegurar que por un lado, la solicitud
contenga la suficiente informacién técnica para que una persona con conocimiento
medio en el arte pueda poner en practica la invencién, y por el otro que esta
divulgacién sea suficiente para conocer el aporte que se estd haciendo a la

tecnologia”.

Teniendo esto en consideracion, la descripcién contiene elementos suficientes
para que la persona con conocimiento medio en el arte pueda llegar a los
compuestos revelados y claramente se muestra que el aporte hecho por la invencién
es el de proporcionar nuevos compuestos que presentan actividad como

inhibidores de cistein-proteasas.

De manera adicional a lo anteriormente expuesto, y para sustentar la declarada
actividad en la inhibicion de catepsinas de los compuestos considerados en la
solicitud en estudio, muy comedidamente me permito llamar la atenciéon de ese
Despacho a los siguientes documentos, de publicacién posterior a la solicitud en

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

. Documento Bioorganic & Medicinal Chemistry Letters 15 (2005
4741-4744. Dicho documento muestra cémo el reemplazo del enlace
amidico por el grupo CF3 en compuestos que presentan alguna actividad
como inhibidores de catepsina, resulta en ventajas de potencia y

selectividad en la actividad inhibitoria.

El citado documento muestra que el reemplazo del grupo carbonilo de la
amida por un CF3; hace que la no- basicidad del nitrégeno amidico se
mantenga permitiendo el enlace de puente de hidrégeno del compuesto

con la Glicina66 de la catepsina K, el cual es importante para la inhibicién.

La tabla 1 de dicho documento muestra cémo los compuestos que

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

1 gecretaria General de la Comunidad Andina "Manual para el examen de solicitudes de patentes
de invencién en las oficinas de propiedad industrial de los paises de la Comunidad Andina”.
Lima, 2004. Pagina 33.
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una actividad y/o selectividad mayor como inhibidores de catepsinas,
comparados con sus analogos estructurales que contienen el enlace amida

(siendo de 10 a 20 veces mads potentes).

Me permito sefialar especificamente el compuesto 8 de dicha Tabla 1, el
cual es uno de los posibles estereoisdbmeros del ejemplo 7 de la solicitud
en estudio, que muestra una selectividad alta con respecto a la inhibicién
de la catepsina K (hasta 10.000 veces mayor que para otras catepsinas) y
un ICsp 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

técnica.

Table 1. Potency of inhibitors in purified enzyme assays

Compound [Cso (nM)*
Cat KP Cat B Cat L® Cat 8¢
2 11 3950 3725 2010
3 1.0 123 352 102
6 1.3 3353 34 121
7 7.3 2477 84 145
8 <0.005¢ 111 47 451
9 4.6 >10,000 68 902
(1] 0.015¢ 344 26 1720
12 0.6 1050 3903 >10.000
13 5.0 >10.000 >10,000 >10,000
14 0.4 614 2274 >10,000

“1Csgs are an average of at least two independent titrations. See Ref 13
for assay conditions.

» Humanized rabbit enzyme.

¢ Human enzyme.

4L ow 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
también consignada en el documento Bioorganic & 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 invencion.

Dentro de esta tabla se muestra como el compuesto 1 (ejemplo 3 de la
solicitud en estudio) presenta una alta selectividad frente a la catepsina K,
teniendo una alta actividad inhibitoria con un ICso < 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 inhibicidn de la catepsina K.
4
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Table 3. In vitro netivity of ref ive P3 logs
CFy
Ay J{j ~
RORD:
Compound R ICs" (uM)
Cat K® CatB CalL Cat § Bone res

1 4-Piperazin-I-yl phenyl £0.008° 111 a7 451 12¢
12 Phenyl 02 1605 1473 303 44
12 2-Fluoropheny! 0. 6086 1670 614 28"
14 3-Fluorophenyl oS 2476 2792 278 67"
15 4-Fleorophenyl 0.6 5939 887 449 24
16 34-Diflucropheny) Ll 8369 1001 189 46"
17 2,5-Difluoropheny] 6 >10.000 w02 239 n.d.
18 4-Methylpheny) 0.3 1337 809 282 27"
19 4-Methoxypheny] ol 1660 560 196 ad.
20 4-Cyanophenyl 09 7392 44 172 30"
21 4-{ Methylthio)phenyl 0.2 1400 524 153 sn°
22f 4-(Mcthylsulfonylphenyl 0.2 5239 264 178 13¢
23 4-{ Aminosulfonyljphieny! 0.2 1561 470 154 52
24 3-(Methylsuifonyl)pheny) 0.3 6984 1480 265 537
28 Phenoxy 23 >10600 771 220 88"
2 Benzoyl 1.5 >10,000 1915 254 1517
27 Pyridin-3-yl 03 2174 80 62 19
28 AThienyl 0.2 115§ 1475 365 3
29 1,3-Thiazol-2-y 03 4818 878 249 52
ki) 3-Methyl-1,2 4-oxadiazol-5-y 26 4073 34 436 118"
3 Pyrimidin-2-v) 4 5903 1857 1698 03"
32 4-{1 H-Indold-51) 04 4693 3047 807 80
n 4 Methylsulfony)biphenyl<-yl 1.2 1873 2422 633 o
4 4-Pyridin-4-yl-phenyl <02 483 342 158 14"

#1Cys are an average of a1 kast wo independent titrations unless spevified otherwise.
5 Humanized rabbit enzyme (Ref., 3), see Rell 6 for assay conditions,
°Rabbit bone resorption assay, see Rel. & for assay conditions.

4ICywas determined al a jon of 10 pM enzyme,
“This value likely represents the lower limit of the assay.
VL-873724.

“n=1. nd. =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 farmacocinética, presentando biodisponibilidad
oral, no-lisosomatropismo y eficacia en la resorcidn de hueso en el modelo

de monos rhesus.

o En este orden de ideas, el documento ChemBioChem, 2006,7, 1525-
1535, consigna iguaimente la actividad en la inhibicién de catepsinas de
los compuestos considerados en la presente invencion. 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, ¥ S, su influencia en la resorcién de hueso y su comportamiento
farmacocinético 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 ICso desde 0,9 hasta 0,2 nM. Es igualmente evidente que la
presencia de una sulfona o una sulfonamida en la posicidn 4 del bifenilo de
la molécula (compuestos 26 y 27 de la tabla 7) produce un

5
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comportamiento farmacocinético que los hace ventajosos frente a otros

compuestos conocidos en el estado del arte.

El documento ademas sefiala que, aunque las catepsinas se localizan en
compartimientos acidicos, se ha demostrado que los inhibidores
lisosomatréopicos no presentan una alta potencia como inhibidores de la
catepsina K. Los compuestos de la presente invencion, al ser inhibidores
no bdasicos 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 mas reciente, Bio nic Medicinal
Chemistry Letters 18 (2008) 923-928, muestra también ensayos de
inhibicién 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 reivindicacion 10 de la solicitud en estudio, (compuesto 24 de la tablal,
odanacatib). Dicha tabla confirma nuevamente la alta actividad y
selectividad que presentan los compuestos de la presente invencién como

inhibidores de la catepsina K, con valores de ICsq 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 aln en estudios en célula 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, ademas, una alta
actividad en resorcion de hueso, una excelente estabilidad metabdlica vy,
debido a su selectividad, una disminucion en la indeseada acumulacién de
coldgeno en fibroblastos dérmicos (Figura 2 del citado documento); siendo

asi un candidato muy atractivo para el tratamiento de osteoporosis.
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Figore 2. Effect of balicatib, relacatib, and odanacatib on the
intracellular accumulation of Type 1 collagen in cultured primary
human dermud fibroblusts. The data represent the averuge £ SD for at
least o =2 cxperiments for cach inhibitor. A similar profile was
observed using cells from u second donor.

Dicha utilidad en el tratamiento de la osteoporosis del odanacatib, es de
igual forma sefialada en el documento Clinical pharmacology &
Therapeutics, Vol. 83, enero 2008,172-176, donde se resalta que en
los estudios clinicos en pacientes post-menopausicas, el Odanacatib ha
mostrado ser seguro y bien tolerado, sin presentar tendencia a efectos
secundarios dependientes de la dosis, permitiendo un aumento en la
densidad mineral 6sea en el cuello femoral del 2,5% cuando se emplea

una dosis semanal de 50mg.

Por dltimo, me permito sefalar que todos los datos aportados
anteriormente, contenidos en los documentos citados,
comprueban la utilidad de los compuestos revelados en la solicitud
en estudio como inhibidores de catepsinas, soportando lo que a ese

respecto ensefia la descripcion de la presente solicitud.

Para concluir mi argumentacién en torno a la claridad de la descripcion,
me permito manifestar que los argumentos expuestos anteriormente han
demostrado que la ésta es clara y suficiente al revelar la invencion, toda
vez que la persona versada en la materia podria, a partir de dicha
descripcidon, 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 técnica a partir

de las ensefianzas consignadas en dicha descripcion. Sumado a lo
7
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anterior, los documentos citados proporcionan datos que soportan las
revelaciones que hace la descripcion de la presente solicitud con respecto
a la actividad y ventaja sobre el estado de la técnica de los compuestos
aqui revelados. De esta forma, la descripcion de la presente solicitud
cumple lo preceptuado en el Articulo 28 de la Decisién Andina 486
de 2000.

3.2. Reivindicaciones.

De igual forma, el sefior Examinador objeta la claridad del capitulo
reivindicatorio sefialando que existen términos muy amplios que no permiten definir
los compuestos de la presente solicitud. Ademas presenta objeciones especificas

sobre ciertas reivindicaciones por considerarlas redundantes.

Teniendo en consideracidn dichas objeciones es deseo del solicitante modificar

el capitulo reivindicatorio para ajustario a los lineamientos de claridad
preceptuados en el Articulo 30 de la Decision 486 de 2000. De esta forma el

Me permito manifestar que las modificaciones mencionadas no amplian de
manera alguna el alcance de la invencién toda vez que las mismas encuentran pleno
sustento en la descripcion de la solicitud, tal como me permito sefialar a

continuacion:

) Reivindicacion 1. Acatando las objeciones del Sefior examinador se ha
restringido el significado de R” al caso en el cual corresponde a hidrégeno,
alquilo Cye, -SO,R'?, -SO(R'?), -OSO,RY, -SOmMN(R)(RY), -SOmCH
(R¥)(R'), o -SOM(R®)(RY); de igual forma y con el fin de hacer mayor
claridad sobre los compuestos reclamados, se introdujo en esta
reivindicacion la definicion de los términos “arilo” y ‘“heteroarilo”

consignadas en la descripcion. Adicionalmente, por un error involuntario

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

“entre un numero entero de cero a tres”, y no “entre un ndmero entero de

uno a tres” como se encuentra consignado en la reivindicaciéon 1 de la

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

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

7
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De esta forma, la nueva reivindicacion 1 se lee como sigue:

"La presente invencién se refiere a compuestos de la siguiente

formula quimica:

R 4 3 ///N

en la que R es hidrégeno, alquilo C;.¢ 0 alquenilo C;.¢ donde dichos
grupos alquilo y alquenilo estan opcionalmente sustituidos con de uno a
seis halo, cicloalquilo Cs.s, -SR®, -SR*?, -SOR®, -SOR*?, -SO,R°, -SO,R*?,
-SO,CH(R*?)(R*), -OR'2, -OR®, -N(R*), arilo, heteroarilo o
heterociclilo donde dichos grupos arilo, heteroarilo y heterociclilo estdn
opcionalmente sustituidos con uno o dos sustituyentes seleccionados
independientemente entre alquilo C;. halo, hidroxialquilo, hidroxi,
alcoxi o ceto;

R? es hidrégeno, alquilo C,.¢ o alquenilo Cy.¢ donde dichos grupos
alquilo y alquenilo estan opcionalmente sustituidos con de uno a seis
halo, cicloalquilo Cs.g, -SR®, -SR'?2, -SOR®, -SOR*’, -SO,R®°, -
SO;R'?, -SO,CH(R¥)(R™), -OR', - OR®, -N(R'?),, arilo, heteroarilo o
heterociclilo donde dichos grupos arilo, heteroarilo y heterociclilo estén
opcionalmente sustituidos con uno o dos sustituyentes seleccionados
independientemente entre alquilo Ci., halo, hidroxialquilo, hidroxi,
alcoxi o ceto;

o R! y R? pueden tomarse Jjunto con el atomo de carbono al que
estan unidos para formar un anillo cicloalquilo Cs.g o heterociclilo donde
dicho sistema de anillos estd opcionalmente sustituido con uno o dos
sustituyentes seleccionados independientemente entre alquilo Ci.,
hidroxialquilo, haloalquilo, o halo;

R’ es hidrégeno, alquilo Ci.¢ o alquenilo C,.¢ donde dichos grupos
alquilo y alquenilo estén opcionalmente sustituidos con cicloalquilo Cs.g
0 de uno a seis halo;

R* es hidrégeno, alquilo C;.6 0 alquenilo C,.s donde dichos grupos
alquilo y alquenilo estén opcionalmente sustituidos con cicloalquilo Cs.g

0 de uno a seis halo;
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o R? y R* pueden tomarse junto con el dtomo de carbono al que
estan unidos para formar un anillo cicloalquilo Cs.g, anillo Cs.g
cicloalquenilo, o un heterociclilo de cinco a siete miembros donde
dichos grupos cicloalquilo, cicloalquenilo y heterociclilo estan
opcionalmente sustituidos con uno o dos sustituyentes seleccionados
independientemente entre alquilo Cis halo, hidroxialquilo, hidroxi,
alcoxi o ceto;

R’ se selecciona entre hidrégeno o alquilo C;.¢ sustituido con halo
1-6;

R® es arilo, heteroarilo, haloalquilo Cj.s, arilalquilo o
heteroarilalquilo, donde dichos grupos arilo, heteroarilo, arilalquilo y
heteroarilalquilo estan opcionalmente sustituidos con uno, dos o tres
sustituyentes seleccionados independientemente entre halo, alquilo C;.
6, haloalguilo C;., cicloalquilo Cs.s, haloalcoxi, -SR°, -SR'?, -SOR°, -
SOR*, -SO,R°, -SO,R*?, -SO,CH(R¥)(R'!), -OR'?, -N(R¥)(R),
ciano, o arilo que estd opcionalmente sustituido con -S0O,R*?;

cada D es independientemente alquilo C,-3, alquenilo C,.3, alquinilo
C,.3, arilo, heteroarilo, cicloalquilo Cs.s 0 heterociclilo donde cada uno
de dichos grupos arilo, heteroarilo, cicloalquilo y heterociclilo, que
pueden ser monociclicos o biciclicos, estan opcionalmente sustituidos
sobre el atomo de carbono o el heterodtomo con de uno a cinco
sustituyentes seleccionados independientemente entre alquilo Ci.g,
haloalquilo, halo, ceto, alcoxi, -SR°, -SR*?, -OR®, -OR'?, -N(R*?),, -
SO,R®, 0 -SO,R*’;

R’ es hidrégeno, alquilo Ci.s, -SO;R*?, -SO(R*?), -OSO,R™®, -
SOmN(R°)(R%), -SOMCH(R*°)(R*), o -SOmM(R°)(R%);

R® es hidrégeno o alquilo Cy.¢;

o R* y R® pueden tomarse junto con cualquiera de los 4tomos a los
que pueden estar unidos para formar un sistema de anillos heterociclilo
de 4-10 miembros donde dicho sistema de anillos, que pueden ser
monociclicos o biciclicos, estd opcionalmente sustituido con uno o dos
sustituyentes seleccionados independientemente entre alquilo Ci.e,
halo, hidroxialquilo, hidroxi, ceto, -OR*°, -SR*% o -N(R%),;

R® se selecciona entre el grupo compuesto por hidrégeno,
arilo, aril-alquilo (C;.4), heteroarilo, heteroaril-alquilo (C;i.4), cicloalquilo
Cs.g, cicloalquil Cs.g-alquilo (Ci-4) y heterociclil-alquilo (Ci.s) donde

dichos grupos pueden estar opcionalmente sustituidos con uno, dos o
10
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tres sustituyentes seleccionados independientemente entre halo, alcoxi
0 -SO,R?;

R es hidrégeno o alquilo Ci-¢

R! es hidrégeno o alquilo C;.s;

R*? es hidrégeno o alquilo C;.s que estd opcionalmente sustituido
con uno, dos o tres sustituyentes seleccionados independientemente
entre halo, alcoxi, ciano, -NR% o -SR1Y;

R? es hidrégeno, alquilo C;.s, (alquil C;.¢)arilo, (alquil C;.¢)hidroxilo,
-O(alquil Ci.¢), hidroxilo, halo, arilo, heteroarilo, cicloalquilo Cs.g,
heterociclilo, donde dicho alquilo, arilo, heteroarilo, cicloalquilo Cs.s y
heterociclilo pueden estar opcionalmente sustituidos sobre el carbono o
el heterodtomo con uno, dos o tres sustituyentes seleccionados
independientemente entre alquilo Cy.¢ 0 halo;

R" es hidrégeno, alquilo Ci-s, (alquil Ci.g)arilo, (alquil Ci-¢)hidroxilo,
alcoxilo, hidroxilo, halo, arilo, heteroarilo, cicloalquilo Cs3g o0
heterociclilo, donde dicho alquilo, arilo, heteroarilo, cicloalquilo Cs.g y
heterociclilo pueden estar opcionalmente sustituidos sobre el carbono o
el heterodtomo con uno, dos o tres sustituyentes seleccionados
independientemente entre alquilo C;-¢ 0 halo;

o R® y RP pueden tomarse junto con el atomo de carbono al que
estdn unidos o los que estédn entre ellos para formar un anillo
cicloalquilo Csz.g o un anillo Cs.g heterociclilo donde dicho sistema de
anillos de 3-8 miembros puede estar opcionalmente sustituido con uno
o dos sustituyentes seleccionados independientemente entre alquilo C;.
6 ¥ halo;

R es hidrégeno o alquilo C1.s que estd opcionalmente sustituido
con uno, dos o tres sustituyentes seleccionados independientemente
entre halo o -OR®;

R? es hidrégeno o alquilo C;-s que estd opcionalmente sustituido con
uno, dos o tres sustituyentes seleccionados independientemente entre
halo o -OR®;

o R° y RY pueden tomarse junto con el dtomo de nitrégeno al que
estdn unidos o los que estén entre ellos para formar un anillo Cs-s
heterociclilo que estd opcionalmente sustituido con uno o dos
sustituyentes seleccionados independientemente entre alquilo C;.¢, halo

hidroxialquilo, hidroxi, alcoxi o ceto,;

11
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n se selecciona independientemente entre un numero entero de uno
a tres;

cada m se selecciona independientemente entre un numero entero
de cero a dos;

donde “arilo” es cualquier anillo de carbonos monociclico o biciclico
estable de hasta 12 dtomos en cada anillo, donde a menos un anillo es
aromatico; y “heteroarilo” representa un anillo monociclico, biciclico o
triciclico de hasta 10 atomos en cada anillo, donde al menos un anillo
es aromadtico y contiene de 1 a 4 heterodtomos seleccionados entre el
grupo compuesto por O, Ny S.

y las sales estereoisomeros y derivados de N-6xido

farmacéuticamente aceptables de los mismos.”

Me permito, ademas, sefialar que las equivalencias de todos los sustituyentes

del compuesto de féormula 1 se encuentran plenamente sustentados en la

descripcion, donde se muestran 38 ejemplos de sintesis y se consideran

especificamente mds de 450 compuestos (al igual que en la reivindicacion 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 estan reclamando, y reconocer que no es posible limitar mas el significado de

dichos sustituyentes sin excluir algunos de los compuestos especificamente

seflalados.

Como ejemplo de esto me permito mostrar las equivalencias de los

sustituyentes correspondientes a algunos de los compuestos especificos revelados en

la solicitud en estudio:

Ejemplo 15 (odanacatib)

-
I

alquilo C, sustituido halo 1
F R5 =H
H R® = halo alquilo C;
N N =N
(J TTY -+
n=2
D = arilo
R’= -SO,R1?

R2= alquilo C;

R! y R? = anillo cicloalquilo C;

R3=H

12
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CF; 'f'
N C=N
N N
4y o
Br

Ejemplo 23
R'yR*=H

R®=H

R* = alquilo Cs3
R°=H

R® = halo alquilo C,
R®=H

n=1

D = arilo sustituido halo

Ejemplo 36

R! y R? = anillo cicloalquilo Cs
R®=H

R* = alquilo C,4

R®=H

R = heteroarilo de cinco miembros
con 2 heteroatomos Sy N

R®=H

n=2

D = arilo y arilo di halo sustituido

i
N N, CE=N
[ N7
H (o]

Ejemplo 20
RlyR?=H
R3=H

R* = alquilo C4
R =H

R® = arilo disustituido halo
R” =

RE=H

n=2

D = arilo

R’= -SO,R*?

R2= alquilo C,

13
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Asi los significados de todos los sustituyentes considerados en la
reivindicacién uno se encuentran sustentados en la descripcion y son claros al

definir el objeto de la presente invencion.

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

corresponden a las originalmente presentadas.

. Reivindicacién 5. Al igual que en la reivindicacion 1, con el fin de

clarificar los compuestos reclamados, se introduce el significado de los

términos “arilo” y “heteroarilo”.

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

corresponden a las originalmente presentadas.

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

el significado de los términos “arilo” y “heteroarilo”.

. Reivindicaciones 9. Se modifica el encabezado de esta reivindicacion

haciéndola independiente. De esta forma el encabezado se lee "Un
compuesto seleccionado entre:”. Todos los compuestos aqui
relacionados se encuentran consignados en la descripcion (paginas 32 a
62).

) Reivindicaciones 10 a 13. Estas reivindicaciones no han sido

modificadas y corresponden a las originalmente presentadas.

) Reivindicacién 14. Acatando la sugerencia del sefior examinador se
introduce el término “en una cantidad terapéuticamente eficaz”, al

referirse al compuesto de la reivindicacion 1.
. Reivindicacién 15. Teniendo en consideracion la objeciéon de claridad
expuesta por el Sefior Examinador con respecto a esta reivindicacion,

es deseo del solicitante eliminarla del capitulo reivindicatorio.

. Reivindicacién 16. Tomando en cuenta la objecién expuesta por El

Sefior Examinador con respecto a esta reivindicacion por referirse a un

14
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procedimiento que no detalla pasos, es deseo del solicitante

eliminarla del capitulo reivindicatorio.

o Reivindicaciones 17 a 21. Acatando la objecién expuesta por el Sefior
Examinador con respecto a estas reivindicaciones, por considerar

métodos terapéuticos, es deseo del solicitante eliminarias del
capitulo reivindicatorio.

. Reivindicacién 22 (Nueva reivindicacién 15). Considerando la objecion

del Sefior Examinador con respecto a la claridad de esta reivindicacion,
se han especificado los tipos de agentes que pueden acompafiar al
compuesto de la reivindicacién 1 en la formulacién farmacéutica. Todos
los compuestos aqui relacionados son mostrados en la descripcion como
los principios activos preferidos en las composiciones farmacéuticas que

contienen los compuestos de la reivindicacion 1 (Paginas 69 a 80).

. Reivindicaciones 23 y 24. Acatando la objecion expuesta por el Sefior
Examinador con respecto a estas reivindicaciones, por considerar

métodos terapéuticos, es deseo del solicitante eliminarlas del

capitulo reivindicatorio.

. Reivindicaciéon 25. Tomando en cuenta la objecion expuesta por El
Sefior Examinador con respecto a la claridad de esta reivindicacion, es

deseo del solicitante eliminarla del capitulo reivindicatorio.

) Reivindicaciones 26 a 28. Considerando la objecidon expuesta por el
Sefior Examinador con respecto a estas reivindicaciones, por considerar

métodos terapéuticos, es deseo del solicitante eliminarlas del

capitulo reivindicatorio.

Me permito sefalar que las modificaciones realizadas en el capitulo
reivindicatorio clarifican completamente los compuestos reclamados en la solicitud
en estudio, encontrandose por tanto dicho capitulo dentro de las consideraciones
del Articulo 30 de la Decisiéon Andina 486 de 2000.

15
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4. Unidad de Invencién.

Por otra parte el sefior examinador asegura que la presente solicitud carece
de unidad de invencién, sefialando que no hay una caracteristica técnica comun
entre los compuestos reclamados dado que “cada terminacién en el radical R”
(grupos 1-8) le confiere al compuesto diferentes caracteristicas y propiedades

quimicas, modos de accién y efectos diferentes”.

Sobre este particular me permito sefialar que todos los compuestos
considerados en la presente solicitud comparten una estructura bdsica comun, que
hace que tengan una relacion estructural que los convierte en una sola unidad de

invencion.

Este hecho es mas evidente a la luz de las modificaciones realizadas en la
reivindicacion 1, donde se limita el nimero de posibles significados de R/,

haciendo que este grupo no pueda ser mas importante gue el esqueleto

central.

Me permito presentar como muestra de este hecho las estructuras de los
ejemplos 15, 20, 23 y 36 antes mencionados, donde es evidente que la
estructura principal es un derivado de un g-aminoacido que tiene un
nitréogeno sobre el carbonilo. Dicho nitrégeno se encuentra a su vez unido a un
carbono que soporta un grupo ciano. El nitrégeno o al carbonilo se une a un
carbono que sirve de puente a un grupo que puede ser alifatico o al menos un

anillo aromatico.

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

compuestos considerados en la solicitud en estudio:

16
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Ejemplo 36

Me permito sefalar que todos los compuestos considerados en la solicitud en
estudio comparten este mismo “esqueleto” central en su estructura, y que los

sustituyventes adici es, aunque presentan influencia en la actividad del

compuesto, no_son estructuralment 3s _importantes que la id
central comin. 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 como todos los compuestos mantienen una relacién estructural, y que
esar de los cambios de sustituyentes su activi como inhibidores de

catepsinas, dicha estructura es semeijante.

Teniendo en consideracion lo anteriormente expuesto, me permito
manifestar que todos los compuestos de la invencion comparten una misma
estructura central y, por lo tanto, se_constituyen en una_ sola unidad de
invencién.

17
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5. Novedad.

Finalmente, el Sefior Examinador objeta la novedad de la solicitud en estudio
frente a las enseflanzas del documento CO-03104808 (D1), que revela
compuestos que tienen actividad como inhibidores de catepsina S. Con respecto a
dicho documento el Sefior Examinador declara que compuestos especificos
considerados en D1 "son iguales a compuestos de la presente solicitud, tras hacer
los reemplazos respectivos de sustituyentes”. Ademas, el Sefior Examinador
sefiala "Si se mira la reivindicacion 1 de dicha anterioridad, se puede apreciar que
puede haber més compuestos idénticos a compuestos de la actual solicitud, al

hacer los correspondientes reemplazos de grupos sustituyentes.”

A ese respecto me permito manifestar que, teniendo en consideracién los
significados de todos los sustituyentes incluidos en la formula 1 de la solicitud en
estudio, no_existe la posibilidad que compuestos revelados en D1 se

encuentren incluidos dentro de los compuestos de la presente solicitud,
como me permito mostrar a continuacion:

Tenga en cuenta que para que los compuestos considerados en D1
udieran _estar dentro de los reclamados en la esente solicitud se

requeriria que no existiera un grupo D en | olécula, es decir que n
fuera iqual a cero. Como se menciond anteriormente, en la reivindicacién 1 el
valor de n fue erréneamente consignado como “entre un numero entero de cero a
tres”, y no “entre un nimero entero de uno a tres” como se encuentra escrito en
la reivindicacién 1 de la solicitud internacional (PCT/US03/06147, pagina 230). De
esta forma, teniendo en cuenta la correccién realizada en la reivindicacién
1 con_respecto al significado de n, no existe posibilidad que ninguno de
los compuestos considerados en D1 corresponda a algin compuesto de
los revelados en la solicitud en estudio.

Como ejemplo de lo anteriormente expuesto, me permito puntualizar en una
de las moléculas que fueron sefialadas por el Sefior Examinador como iguales a

algunas de las consideradas en la presente solicitud:

18
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R® N C=N
\ * N
o) R

Compuesto de D1
En la figura se

muestra
R* Rr®

las 6 5
R. R H N
™y <
R8 oR R

Formula 1 presente solicitud

correspondencias de los sustituyentes presentes en el compuesto considerado en
el documento D1 con los sustituyentes de la formula 1 de la solicitud en estudio.
Como lo sefiala el Sefior Examinador los posibles significados de estos
sustituyentes podrian construir la molécula mostrada. Sin embargo, la_lnica

ibilidad para que dicho compuesto de D1 fuera parte de los revelado:

”

n_la_solicitud en_est S que no _exista ningu rupo D ni R’ en_la

molécula. Como se menciond anteriormente, al corregir el error material
cometido en la reivindicacion 1, es claro que el valor de n no puede ser cero,
por lo cual tendria que existir al menos uno grupo D en la molécula. De esta
forma, el carbono adyacente al nitrégeno aminico (marcado en la figura con *)
necesariamente es terciario (o cuaternario), y no secundario como en el

compuesto correspondiente a D1.

Esta diferencia en el nimero de sustituyentes sobre el carbono
adyacente al nitrégeno aminico excluye completamente la posibilidad de
gue los compuestos revelados en la solicitud en estudio puedan estar
incluidos dentro de los compuestos considerados en D1.

El andlisis anterior es valido para todos los compuestos considerados en D1 y

seflalados como equivalentes a los de la presente solicitud por el Sefor

Examinador. De esta forma dichos compuestos de D1 son diferentes con
respecto a los considerados en_la solicitud en estudio.

19
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Considerando lo anteriormente expuesto, me permito resaltar que los
compuestos considerados en la presente solicitud no pueden estar incluidos en

el citado documento D1, siendo por lo tanto la presente solicitud

novedosa frente a las ensefianzas de dicho documento D1 cumpliendo

con los requisitos exigidos por el Articulo 16 de la Decision Andina 486 de
2000.

6. Conclusidén.

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 la invencion reclamada.

De igual forma, los argumentos técnicos discutidos mostraron que todos los
compuestos considerados en la presente solicitud incluyen una estructura quimica
comun, haciendo que se constituyan en una sola unidad de invencién.

Sumado a lo anterior, los argumentos expuestos con respecto al documento
D1 junto con dichos cambios en el capitulo reivindicatorio, excluyen de manera
absoluta la posibilidad que los compuestos materia de la presente invencién se
encuentren incluidos en aquellos revelados en el documento D1, demostrando la

novedad de la presente invencién frente al estado del arte mas préximo.

7. Anexo me permito presentar:

(a) Recibo nimero 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 luz de las modificaciones Yy los argumentos presentados y conceder el

privilegio de patente solicitado.

Sefior Superintendente, W

CIA LLOREDA RICAURTE
T.P. 53.215
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REIVINDICACIONES

ST

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

quimica:

R4 3
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NIT @ 300176089-2
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RS es arilo, heteroarilo, haloalquilo C, arilalquilo o heteroarilq@_gjlg, donde
dichos grupos arilo, heteroarilo, arilalquilo y heteroarilalquilo estan opcionalmente
sustituidos con uno, dos o tres sustituyentes seleccionados independientemente entre
halo, alquilo Cy.¢, haloalquilo Cy., cicloalquilo Cs., haloalcoxi, -SR’, -SR'?, -SOR’,
-SOR™, -SO,R®°, -SO,R", -SO,CHR™)(R'), -OR, -NR')®R'), ciano, o arilo
que esté opcionalmente sustituido con ~SO,R'%;

cada D es independientemente alquilo C,_;, alquenilo C,, alquinilo C,.s, arilo,
heteroarilo, cicloalquilo Css o heterociclilo donde cada uno de dichos grupos arilo,
heteroarilo, cicloalquilo y heterociclilo, que pueden ser monociclicos o biciclicos,

: . . , 2
estin opcionalmente sustituidos sobre el 4tomo_de carbono o el heteroatomo con de

uno a cinco sustituyentes seleccionados independientemente entre alquilo Ci.,

haloalquilo, halo, ceto, alcoxi, -SR’, -SR'?, -OR’, -OR2, -N(R'),, -SO,R’, o -

SO,R';
R’ es hidrégeno, alquilo Cps, -SOR'Z, -SOR'?), -OSOR", -SOmN(R)(RS),
-SOmCH(R')(R'), 0 -SOm(R*)(RY;

R® es hidrégeno o alquilo C,.g;

o R* y R® pueden tomarse junto con cualquiera de los 4tomos a los que pueden
)

estar unidos para formar un sistema de anillos heterociclilo*de 4-10 miembros donde ,

dicho sistema de anillos, que pueden ser monociclicos o biciclicos, estd
opcionalmente sustituido con uno o dos sustituyentes seleccionados
independientemente entre alquilo C,., halo, hidroxialquilo, hidroxi, ceto, -OR',
-SR' 0 -N(R"%),;

R’ se selecciona entre el grupo compuesto por hidrégeno, arilo, aril-alquilo
(C1.4), heteroarilo, heteroaril-alquilo (C,.4), cicloalquilo Cis, cicloalquil Cs.g-alquilo
(Ci1.4) y heterociclil-alquilo (C;4) donde dichos grupos pueden estar opcionalmente
sustituidos con uno, dos o tres sustituyentes seleccionados independientemente entre
halo, alcoxi 0 —-SO,R'?;

R es hidrégeno o alquilo C.

R'! es hidrégeno o alquilo Cy.;

R es hidrégeno o alquilo C,.¢ que estd opcionalmente sustituido con uno, dos
o tres sustituyentes seleccionados independientemente entre halo, alcoxi, ciano,
NR o _SRIO;

R* es hidrégeno, alquilo C,s, (alquil Cig)arilo, (alquil C;¢)hidroxilo,

-O(alquil C,,), hidroxilo, halo, arilo, heteroarilo, cicloalquilo Cs.s, heterociclilo,

donde dicho alquilo, arilo, heteroarilo, cicloalquilo Cs_s y heterociclilo ar
- 201 -
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opcionalmente sustituidos sobre el carbono o el heterodtomo®con uno, dos o tres

sustituyentes seleccionados independientemente entre alquilo C,_¢ o halo;

R® es hidrégeno, alquilo C,, (alquil C;.¢)arilo, (alquil C;.¢)hidroxilo, alcoxilo,

hidroxilo, halo, arilo, heteroarilo, cicloalquilo C;3 o heterociclilo, donde dicho
e ———

alquilo, arilo, heteroarilo, cicloalquilo C;.3 y heterociclilo pueden estar opcionalmente

sustituidos sobre el carbono o heteroatomo écon uno, dos o tres sustituyentes

seleccionados independientemente entre alquilo C,_¢ o halo;

o R* y R® pueden tomarse junto con el 4tomo de carbono al que estin unidos o

los que estan entre ellos para formar un anillo cicloalquilo Cs5 0 un anillo C;\J

heterociclilo donde dicho sistema de anillos de 3-8 miembros puede estar
opcionalmente ? sustituido con uno o dos sustituyentes seleccionados
independientemente entre alquilo C,¢ y halo;

R® es hidrégeno o alquilo C,¢ que estd opcionalmente sustituido con uno, dos
o tres sustituyentes seleccionados independientemente entre halo o —-OR’;

R es hidrogeno o alquilo C,.¢ que estd opcionalmente sustituido con uno, dos
o tres sustituyentes seleccionados independientemente entre halo o —OR’;

o R® y R? pueden tomarse junto con el dtomo de nitrégeno al que estan unidos
o los que estin entre ellos para formar un anillo Cg.g@ociclilo que esta
opcionalmente sustituido con wuno o dos sustituyentes seleccionados
independientemente entre alquilo C,, halo higlro)_(iaslghu:iglo, hidroxi, alcoxi o ceto;

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

cada m se selecciona independientemente entre un numero entero de cero a
dos;
donde “arilo” es cualquier anillo de carbonos monociclico o biciclico estable de(?hasta
12 atomos en cada anillo, donde a menos un anillo es aromatico; y “heteroarilo”
representa un anillo monociclico, biciclico o triciclico de hasta¢10 atomos en cada
anillo, donde al menos un anillo es aromatico y contiene de 1 a 4 heteroatomos
seleccionados entre el grupo compuesto por O, Ny S.

y las sales estereoisomeros y derivados de N-6xido farmacéuticamente

aceptables de los mismos.

2. El compuesto de la reivindicacién 1 donde R' es hidrégeno y R? es
hidrégeno, o R' y R? pueden tomarse junto con el dtomo de carbono al que estan

unidos para formar un anillo de cicloalquilo C;; estando dichos sistema de anillo
- 202 -
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opcionalmente sustituido con uno o dos sustituyentes seleccionados entre alquilo C,.¢
o halo, y las sales, estereoisomeros y derivados de N-6xido farmacéuticamente

aceptables del mismo.

3. El compuesto de la reivindicacién 2 donde R? es alquilo C, que esta
opcionalmente sustituido con de uno a seis halo y R* es hidrégeno, y las sales,

estereoisomeros y derivados de N-6xido farmacéuticamente aceptables del mismo.

4.  El compuesto de la reivindicacién 3 donde R* es n-propil, isobutilo, 2-
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 R* es
hidrégeno; y las sales, estereoisdmeros y derivados de N-6xido farmacéuticamente

aceptables del mismo.

5.  El compuesto de la reivindicacién 3 donde R’ es hidrégeno y R® es arilo
o heteroarilo, donde “arilo” es cualquier anillo de carbonos monociclico o biciclico

estable de hastaQIZ atomos en cada anillo, donde a menos un anillo es aromatico; y

393

“heteroarilo” representa un anillo monociclico, biciclico o triciclico de hasta 10()

atomos en cada anillo, donde al menos un anillo es aromatico y contiene de 1 a 4
heteroatomos seleccionados entre el grupo compuesto por O, N y S, estando dicho
arilo o heteroarilo opcionalmente sustituido con uno, dos o tres sustituyentes
seleccionados entre halo o —SO,R'%; las sales, estereoisémeros y derivados de N-

oxido farmacéuticamente aceptables del mismo.

6. El compuesto de la reivindicacién 3 donde R’ es hidrégeno y R® es alquilo
Ci6 sustituido con 1-6 halo; las sales, estereoisdmeros y derivados de N-6xido

farmacéuticamente aceptables del mismo.

7. El compuesto de la reivindicacién 6 donde R®> es hidrégeno y RS es
trifluorometilo o 3,3,3,2,2-pentafluoroetilo; las sales, estereoisémeros y derivados de

N-6xido farmacéuticamente aceptables del mismo.

8.  El compuesto de la reivindicacién 6 donde n es dos, cada D es
independientemente arilo o  heteroarilo y R’ es -SO,CHR')R") o

-SOLR)(R?), cada R® y R? es independientemente hidrégeno o alquilo C,¢; donde
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“arilo” es cualquier anillo de carbonos monociclico o biciclico estable de hasta 12
atomos en cada anillo, donde a menos un anillo es ar(o)mé,tico; y “heteroarilo”
representa un anillo monociclico, biciclico o triciclico dehasta 10 4tomos en cada
anillo, donde al menos un anillo es aromatico y contiene de 1 a 4 heterodtomos
seleccionados entre el grupo compuesto por O, N y S; y las sales, estereoisémeros y

derivados de N-6xido farmacéuticamente aceptables del mismo.

9. Un compuesto seleccionado entre:
* N'-(1-cianociclopropil)-4-fluoro-N-{(15)-2,2,2-trifluoro-1-[4’-
(metilsulfonil)-1,1’-bifenil-4-il]etil } -L-leucinamida; o
» N!-(cianometil)-N>-(2,2,2-trifluoro-1-feniletil)-L-leucinamida;z”
*N!-(cianometil)-N?-[2,2,2-trifluoro- 1-(4-fluoro-3-metil fenil)etil]-L-
leucinamida; ’
* N'-(cianometil)-N-[(1R)-2,2,2-trifluoro-1-(4-piridin-3-ilfenil)etil]-L-
leucinamida; -~ '
"N'-(cianometil)-N>-[(1S)-2,2,2-trifluoro-1-(4-piridin-3-ilfenil)etil]-L-
leucinamida; - ‘ .
, N'-(cianometil)-N*-[(1R)-2,2,2-trifluoro-1-(4-piridin-4-ilfenil)etil]-L-
leucinanﬁda;
. N'-(cianometil)-N*-[(18)-2,2,2-trifluoro-1-(4-piridin-4-ilfenil)etil]-L-
leucinamida; / i
’ Nf -(cianometil)-N2-[(1R)-2,2,2-trifluoro-1-(4- {[-(2-fluoroetil)piperazin-1-
il]Jcarbonil } fenil)etil]-L-leucinamida;
» N'-(cianometil)-N*-[2,2,2-trifluoro-1-(4- { [4-(2-fluoroetil)piperazin-1-
il]Jcarbonil }fenil)etil}-L-leucinamida;
« N%[1-(1,1'-bifenil-4-i1)-2,2,2-trifluoroetil]-N'-(cianometil)-L-leucinamida;
N'-(cianometil)-N>-{2,2,2-trifluoro-1-[4-(3-hidroxi-3-metilbut-1-
inil)fenil]etil}-L-leucinamida;
«N'-(cianometil)-N2-{(18)-2,2,2-trifluoro-1-[4-(3-hidroxi-3-
metilbutil)fenil]etil}-L-leucinamida;
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. NZ-[(I S)-1-(4-bromofenil)-2,2,3,3,3-pentaﬂuoropropil]-N1 -(cianometil)-L-
leucinamida;
-N1-(cianometil)-N2-[(15)-2,2,3,3,3-pentafluoro-1 -(4-piridin-4-ilfenil)propil]-
L-leucinamida;
. N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4'-fluoro-1,1'-bifenil-4-il)etil}-L-
leucinamida;
N1-(cianometil)-N2-((1S)-2,2,2-trifluoro-1- {4-[(1E)-3-hidroxi-3-metilbut-1-
enil]fenil}etil)-L-leucinamida;
« N1-(cianometil)-N2-{(1S)-2,2,3,3,3-pentafluoro-1-[4'-(metiltio)-1,1"-bifenil-4-
il]propil}-L-leucinamida;
N1.(cianometil)-N2-{(1S)-2,2,3,3,3-pentafluoro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il]propil}-L-leucinamida;
N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(1-oxidopiridin-3-il)fenil)etil } -
L-leucinamida;
«N1-(cianometil)-N2-{(18S)-2,2,2-trifluoro-1-[4-(morfolin-4-
ilocarbonil)fenil]etil}-L-leucinamida;
.N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4- {[metoxi
(metil)aminoJcarbonil} fenil)etil]-L-leucinamida;
*N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4-tien-3-ilfenil)etil]}-L-
leucinami;ia;
-N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-{4-(4-metilpiridin-2-il)fenil]etil} -
L-leucinamida;
» N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(5-metilpiridin-2-il)fenil]etil } -
L-leucinamida;
« N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(2'-fluoro-1,1'-bifenil-4-il)etil]-L-
leucinamida;
« N1.(cianometil)-N2-{(1S)-1-[4-(3,5-dimetilisoxazol-4-il)fenil}-2,2,2-
trifluoroetil}-L-leucinamida;
'N1:(cianometil)-N2-{(1S)-2,2,2-trifluoro- 1-[4'-(hidroximetil)-1,1'-bifenil-4-
il]etil}-L-leucinamida;
{N2-[(1S)-1-(4"-ciano-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(cianometil)-L-
leucinamida;
N l=(cianometil)-N2-[(1S)-1-(3',4'-difluoro-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-
L-leucinamida,;
—éster metilico del acido 4'-{1-[1-(Cianometil-carbamoil)-3-metil-butilamino]- 20
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2,2,2-trifluoro-etil} -bifenil-2-carboxilico;

. séster metilico del 4cido 4'-{1-[1-(Cianometil-carbamoil)-3-metil-butilamino]-
2,2,2-trifluoro-etil } -bifenil-3-carboxilico;
» N1-(cianometil)-N2-[(1S)-1-(3',4"-dimetoxi-1,1"-bifenil-4-il)-2,2,2-
trifluoroetil]-L-leucinamida;
 N1-(cianometil)-N2-{(18S)-2,2,2-trifluoro-1-[2'-(trifluorometil)-1,1'-bifenil-4-
il]etil}-L-leucinamida;
+N1-(cianometil)-N2-[(18)-1-(3',4'-dicloro-1,1'-bifenil-4-il)-2,2,2-trifluoroetil ]-
L-leucinamida,
« N1-(cianometil)-N2-[(18)-2,2,2-trifluoro-1-(3'-formil-1,1'-bifenil-4-il)etil]-L-
leucinamida;
» N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4-(2-0x0-2,3-dihidro-1,3-
benzotiazol-6-il)fenil]etil}-L-leucinamida;
- N2-{(18)-1-[4-(5-bromopiridin-3-il)fenil]-2,2,2-trifluoroetil} -N1-(cianometil)-
L-leucinamida;
- N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(trifluorometoxi)-1,1'-bifenil-4-
il]etil}-L-leucinamida;
’ I\{l-(cianometil)-N2-{(1S)-2,2,2-triﬂuoro-1-[4-(1H-indol—4-il)fenil]etil}-L—
leucinamida;
« N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4-pirimidin-5-ilfenil)etil]-L-
leucinamida;
+ N-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4-quinolin-3-ilfenil)etil]-L-
leucinamida,;
« Nll-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4-(1,3-tiazol-2-il)fenil]etil}-L-
leucinamida;
~ éster metilico del 4cido 4'-{1-[1-(cianometil-carbamoil)-3-metil-butilamino]-
2,2,2-trifluoro-etil}-bifenil-4-carboxilico;
- Nl-(cianometil)-N2-[(1S)-2,2,2-trifluoro- 1-(4-pirimidin-2-ilfenil)etil]-L-
leucinamida;
. Nil-(cianometil)-N2- {(1S)-2,2,2-trifluoro- 1-[4-(3-metilpiridin-2-il)fenil]etil} -
L-leucinamida;
»N}-(cianometil)- N2-{(1S)-2,2,2-trifluoro-1-[4-(3-furil)fenil]etil}-L-
leucinamida;
* Nd -(cianometil)-N2-((18)-2,2,2-trifluoro-1- {4-[ 3-(trifluorometil)piridin-2- 43
il]fenil} etil)-L-leucinamida;
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. Nt-(cianometil)-N2-((1S)-2,2,2-trifluoro-1- {4-[4-(trifluorometil)piridin-2-
il]fenil} etil)-L-leucinamida;
. Nl-(cianometil)-N2-((1S)-2,2,2-trifluoro-1-{4-[5-(trifluorometil)piridin-2-
il]fenil} etil)-L-leucinamida;
. Nl-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(3'-metoxi-1,1"-bifenil-4-il)etil]-L-
leucinamida;
* N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(3"-metoxi-1,1'-bifenil-4-il)etil]-L~
leucinamida;
* N2-{(18)-1-[4"-(acetilamino)-3'-fluoro-1,1'-bifenil-4-il]-2,2,2-trifluoroetil } -
N1-(cianometil)-L-leucinamida;
« N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(3-metiltien-2-il)fenil]etil } -L-
leucinamida;
*Ni-(cianometil)-N2-[(18)-2,2,2-trifluoro-1-(3"-fluoro-1,1'-bifenil-4-il)etil]-L-
leucinamida;
v N2-{(18)- 1-[4-(5-acetiltien-2-il)fenil]-2,2,2-trifluoroetil} -N1-(cianometil)-L-
leucinamida;
' N2-[(18)-1-(3"-acetil-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(cianometil)-L-
leucinamida,
~N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[3'-(trifluorometil)-1,1'-bifenil-4-
il]etil}-L-leucinamida;
. N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(5'-fluoro-2'-metoxi-1,1'"-bifenil-4-
iDetil]-L-leucinamida;
+ N1-(cianometil)-N2-[(1S)-1-(3",5"-difluoro-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-
L-leucinamida;
N!-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(2',3',5'-trifluoro-1,1'-bifenil-4-
iDetil]-L-leucinamida;
vacido  3-(4'-{1-[1-(Cianometil-carbamoil)-3-metil-butilamino]-2,2,2-trifluoro-
etil}-bifenil-3-il)-acrilico;
« N2- {(1S)-1-[4-(9-antril)fenil]-2,2,2-trifluoroetil} -N1-(cianometil)-L-
leucinamida;
. N2'-[(1 S)-1-(4"-benzoil-1,1'-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(cianometil)-L-
leucinamida;
*N2-f(1S)-1-(3'-acetil-4"-hidroxi-1,1'-bifenil-4-il)-2,2,2-trifluoroetil]-N1-
(cianometil)-L-leucinamida;
«N1-(cianometil)-N2-{(1S)-1-[2'-(cianometil)-1,1'-bifenil-4-il]-2,2,2- 65
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trifluoroetil} -L-leucinamida;

« N1-(cianometil)-N2- {2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-bifenil-4-il]etil} -
L-leucinamida;

«.N1-(cianometil)-N2-{2,2,2-trifluoro-1-[4'-(metilsulfinil)-1,1'-bifenil-4-il]etil } -
L-leucinamida;

. N1-(cianometil)-N2-[2,2,2-trifluoro-1-(4-morfolin-4-ilfenil)etil]-L-
leucinamida;

* N1-(cianometil)-N2-{(1R)-2,2,2-trifluoro-1-[4-(6-metilpiridin-3-il)fenil]etil}-
L-leucinamida,

»N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4-(6-metilpiridin-3-il)fenil etil} -
L-leucinamida;

»N1-(cianometil)-N2-[2,2,2-trifluoro-1-(5-fenilotien-2-il)etil]-L-leucinamida;

wN1-(cianometil)-N2-[2,2,2-trifluoro- 1-(4-quinolin-8-ilfenil)etil]-L-
leucinamida;

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

«N2-{1-[4'-(aminosulfonil)-1,1'"-bifenil-4-il]-2,2,2-trifluoroetil } -N1-
(cianometil)-L-leucinamida;

«N2-{(1S)-1-[4"-(aminosulfonil)-1,1"-bifenil-4-il]-2,2,2-trifluoroetil}-N1-
(cianometil)-L-leucinamida;

*N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1"-bifenil-4-
il]etil}-L-leucinamida;

«N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metiltio)-1,1'-bifenil-4-il]etil } -
L-leucinamida;

aNZ2-[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil]-N1-(cianometil)-L-leucinamida;

aN1-(cianometil)-N2-{(1R)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-bifenil-4-
il]etil}-L-leucinamida;

«N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(morfolin-4-ilosulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;

“N1.(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4"-(isopropilsulfonil)-1,1'-bifenil-
4-il]etil}-L-leucinamida;

-N2-{(18)-1-[4'-(aminosulfonil)-1,1"bifenil-4-il]-2,2,2-trifluoroetil} -N1-
(cianometil)-L-leucinamida;

" N2-((1S)-1-{4"-[(acetilamino)sulfonil]-1,1'-bifenil-4-il}-2,2,2-trifluoroetil)-N1- &3

(cianometil)-L-leucinamida;
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- N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[2'-metil-4'-(metilsulfonil)-1,1"-
bifenil-4-il]etil}-L-leucinamida;
*NZ2-[1-(5-bromotien-2-il)-2,2,2-trifluoroetil] -N1-(cianometil)-L-leucinamida;
. N2-[ 1-(4-bromofenil)-2,2,2-trifluoroetil]-N1-(cianometil)- L-leucinamida;
Joster terc-butilico del &cido 4-(4'-{1-[1-(Cianometil-carbamoil)-3-metil-
butilamino]-2,2,2-trifluoro-etil} -bifenil-4-il)-piperazina-1-carboxilico;
N1-(cianometil)-N2-[2,2,2-trifluoro-1-(4"-piperazin-1-il-1,1"-bifenil-4-il)etil]-
L-leucinamida;
» N1-(cianometil)-N2-(2,2,2-trifluoro-1- {4'-[4-(2-hidroxietil)piperazin-1-il]-1,1'-
bifenil-4-il} etil)-L-leucinamida;
- N1-(cianometil)-N2-(2,2,2-trifluoro-1- {4'-[4-(2-hidroxi-2-
metilpropil)piperazin-1-il]-1,1'-bifenil-4-il} etil)-L-leucinamida;
:N1-(cianometil)-N2-(1- {4-[(dimetilamino)carbonil]fenil}-2,2,2-trifluoroetil)-
L-leucinamida;
+ N1-(cianometil)-N2-[2,2,2-trifluoro- 1-(4'-piperazin-1-il-1,1'-bifenil-4-il)etil]-
L-leucinamida;
N1-(cianometil)-N2-(1- {4-[(ciclopropilamino)carbonil]fenil}-2,2,2-
trifluoroetil)-L-leucinamida;
» acido 4-{1-[1-(Cianometil-carbamoil)-3-metil-butilamino]-2,2,2-trifluoro-
etil}-benzoico;’
+ N1-(cianometil)-N2-(2,2,2-trifluoro-1- {4'-[4-(2-fluoroetil)piperazin-1-il]-1,1'-
bifenil-4-il} etil)-L-leucinamida;
¢ N1l-(cianometil)-N2-(2,2,2-trifluoro-1- {4-[(4-metilpiperazin-1-
il)carbonil]fenil}etil)-L-leucinamida;
«N1-(cianometil)-N2-[2,2,2-trifluoro-1-(4- {[4-(2-hidroxi-2-
metilpropil)piperazin-1-il]carbonil} fenil)etil]-L-leucinamida;
«N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(2-metil-1,3-tiazol-4-
iDfenil]etil}-L-leucinamida;
#N2-{1-[4-(3-terc-butil-1,2,4-triazin-5-il)fenil]-2,2,2-trifluoroetil} -N1-
(cianometil)-L~leucinamida;
N 1-(cianometil)-N2-[2,2,2-trifluoro- 1-(4- {2-[ 3-(metilsulfonil)fenil]- 1,3-tiazol-
4-il} fenil)etil])-L-leucinamida;
+N1.(cianometil)-N2-((1S)-2,2,2-trifluoro-1- {4-[2-(1H-pirazol-4-il)-1,3-tiazol-
4-il]fenil}etil)-L-leucinamida;

Yol

wN1-(cianometil)-N2-(2,2,2-trifluoro- 1- {4'-[4-(metilsulfonil)piperazin-1-il]- 9L
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1,1'-bifenil-4-il} etil)-L-leucinamida;

« N2-[1-(3-bromofenil)-2,2,2-trifluoroetil] -N1-(cianometil)-L-leucinamida;
- N1-(cianometil)-N2-{2,2,2-trifluoro-1-[4'-(metiltio)-1,1"-bifenil-3-il]etil}-L-
leucinamida,;
+ N1-(cianometil)-N2-[2,2,2-trifluoro-1-(3-piridin-4-ilfenil)etil] -L-leucinamida;
. N1-(cianometil)-N2-[2,2,2-trifluoro- 1-(4-piperazin-1-il-1,1"-bifenil-3-il)etil]-
L-leucinamida;
N1-(cianometil)-N2- {2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-bifenil-3-il]etil} -
L-leucinamida;
N-(cianometil)-1-[(2,2,2-trifluoro-1-feniletil)amino]ciclohexanocarboxamida;
1-{[1-(4-bromofenil)-2,2,2-trifluoroetilJamino}-N-
(cianometil)ciclohexanocarboxamida;
*N-(cianometil)-1-{[2,2,2-trifluoro-1-(4"-piperazin-1-il-1,1'-bifenil-4-
il)etil}Jamino} ciclohexanocarboxamida;
N1-(cianometil)-N2-[2,2,2-trifluoro- 1-(4-piperidin-4-ilfenil)etil]-L-
leucinamida;
*N1-(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]-N1-(cianometil)-3-
ciclopropilalaninamida;
» N1-(cianometil)-3-ciclopropil-N2-[2,2,2-trifluoro- 1-(4-piridin-4-
ilfenil)etil}alaninamida;
~ N1-(cianometil)-N2-[2,2,2-trifluoro-1-(4"-piridin-4-il-1,1'"-bifenil-4-il)etil}-L-
leucinamida;
» N1-(cianometil)-N2-[(1R)-2,2,2-trifluoro-1-(1,3-tiazol-2-il)etil]-L-
leucinamida;
»N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4'-metoxi-1,1'-bifenil-4-il)etil]-L-
leucinamida;
N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4-metoxifenil)etil]-L-leucinamida;
N 1-(cianometil)-N2-[(18)-2,2,2-trifluoro-1-(4"-piridin-4-il-1,1"bifenil-4-
iletil]-L-leucinamida;
. vNl-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4-fenoxifenil)etil]-L-leucinamida;
N2-[(1S)-1-(4"-bromo-1,1'-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(cianometil)-L-
leucinamida;
*N2-{(18)-1-[4-(4-cloropiridin-3-il)fenil]-2,2,2-trifluoroetil} -N1-(cianometil)- 12|
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L-leucinamida;

*N2-{(1S)-1-[4'-(acetilamino)-2"-metil-1,1"-bifenil-4-il]-2,2,2-trifluoroetil} -N1.
(cianometil)-L-leucinamida;
sN2-[(1S)-1-(1,1"-bifenil-4-il)-2,2,2-trifluoroetil}-N1-(cianometil)-L-
leucinamida,;
: N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(6-metoxipiridin-3-
iDfenil]etil}-L-leucinamida;
» N1-(cianometil)-N2-{(18)-2,2,2-trifluoro-1-{4-(6-metoxipiridin-2-
il)fenil]etil}-L-leucinamida;
s N1-(cianometil)}-N2- {(1S)-2,2,2-trifluoro-1-[4"-(metilsulfonil)-1,1":4',1"-
terfenil-4-iljetil}-L-leucinamida;
N2-[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil}-N1-(cianometil)-3-(1-
metilciclopropil)-L-alaninamida;
N1-(cianometil)-3-(1-metilciclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4"-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-alaninamida;
N1-(cianometil)-3-(1-metilciclopropil)-N2- {(1S)-2,2,2-trifluoro-1 -[4"-
(metiltio)-1,1'-bifenil-4-il]etil} -L-alaninamida;
< N1-(cianometil)-N2-[(18)-2,2,2-trifluoro-1-(4'-metil-1,1'-bifenil-4-il)etil]-L-
leucinamida;
« N2-[(1S)-1-(4"acetil-1,1'-bifenil-4-il)-2,2,2-trifluoroetil]-N1-(cianometil)-L-
leucinamida;
«N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4'-(hidroximetil)-1,1"-bifenil-4-
il]etil}-L-leucinamida;
* N2-[1-(4-bromofenil)-2,2,2-trifluoroetil]-N1-(cianometil)-D-leucinamida;
+ N1-(cianometil)-N2-{2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-bifenil-4-il]etil } -
D-leucinamida;
« N1-(cianometil)-N2-{2,2,2-trifluoro-1-[4-(morfolin-4-ilosulfonil)-1,1'-bifenil-
4-i]jetil}-D-leucinamida;
*N1-(cianometil)-N2-(2,2,2-trifluoro- 1- {4'-[(metilamino)sulfonil]-1,1"-bifenil-
4-il}etil)-D-leucinamida;
<+ N1-(cianometil)-N2- {(1R)-2,2,2-trifluoro-1-[4-(1-oxidopiridin-4-il)fenil]etil } -
L-leucinamida;
* N1-(cianometil)-N2- {2,2,2-trifluoro-1-[4-(1-oxidopiridin-4-il)fenil]etil} -L-
leucinamida;
* N1-(cianometil)-N2-(2,2,2-trifluoro-1- {4-[6-(1-hidroxi-1-metiletil)-1- 13 L
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oxidopiridin-3-il]fenil} etil)-L-leucinamida;

»N1-(cianometil)-N2-(2,2,2-trifluoro-1-{4-[6-(metilsulfonil)piridin-3-
il)fenil} etil)-L-leucinamida;
/N1-(cianometil)-N2-(2,2,2-trifluoro-1- {4-[2-(4-metilpiperazin-1 -il)-1,3-tiazol-
4-il]fenil}etil)-L-leucinamida;
»N2-[1-(4-bromofenil)-2,2,2-trifluoroetil}]-N1-(1-cianociclopropil)-L-
leucinamida;
+N1-(cianometil)-N2-[2,2,2-trifluoro-1-(4-piperazin-1-ilfenil)etil]-L-
leucinamida,;
«N2-{1-[3'-(acetilamino)-1,1'-bifenil-4-il]-2,2,2-trifluoroetil } -N1-(cianometil)-
L-leucinamida;
-N1-(cianometil)-N2-{2,2,2-trifluoro-1-[4-(4-propilpiperazin-1-il)fenil]etil}-L-
leucinamida;
*N1-(cianometil)-N2-{2,2,2-trifluoro-1-[4-(piperazin-1-ilcarbonil)fenil]etil}-L-
leucinamida;
+N1-(cianometil)-N2-[2,2,2-trifluoro-1-(4- {[4-(2-hidroxietil)piperazin-1-
ilJcarbonil} fenil)etil]-L-leucinamida;
» N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4- {3-[ 3-(trifluorometil)fenil]-
1,2,4-oxadiazol-5-il} fenil)etil]-L-leucinamida;
<Ester metilico del acido 4-{1-[1-(cianometil-carbamoil)-3-metil-butilamino]-
2,2,2-trifluoro-etil} -benzoico;
N 1-(cianometil)-N2-((18)-2,2,2-trifluoro-1- {4-[(E)-2-quinolin-2-
iletenil}fenil} etil)-L-leucinamida;
«N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4-(3-metil-1,2,4-oxadiazol-5-
iDfenil]etil}-L-leucinamida;
*N2-((1S)-1-{4-[3-(5-bromopiridin-3-il)-1,2,4-oxadiazol-5-il]fenil}-2,2,2-
trifluoroetil)-N'-(cianometil)-L-leucinamida;
+ N2-[(1S)-1-(4-benzoilfenil)-2,2,2-trifluoroetil]-N1-(cianometil)-L-
leucinamida;
N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4-(tien-2-ilocarbonil)fenil]etil } - L-
leucinamida;
*-N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4-(1,3-tiazol-2-
ilcarbonil)fenil]etil}-L-leucinamida;
« N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4- {(Z)-2-[4- I1<S
(metilsulfonil)fenil]etenil} fenil)etil]-L-leucinamida;
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~N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4- {(E)-2-[4-
(metilsulfonil)fenil]etenil} fenil)etil}-L-leucinamida;
¢ N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(4-isobutirilfenil)etil]-L-
leucinamida;
» N2-{(1S)-1-[4-(4-bromo-1,3-tiazol-2-il)fenil]-2,2,2-trifluoroetil } -N1.
(cianometil)-L-leucinamida;
N1-(cianometil)-N2-[(1S)-1-(4-cianofenil)-2,2,2-trifluoroetil]-L-leucinamida;,
« N1-(cianometil)-N2-[(1S)-1-(4-etinilfenil)-2,2,2-trifluoroetil]-L-leucinamida,
. N1-(cianometil)-N2-[(1S)-2,2,2-trifluoro-1-(2'-fluoro-1,1'-bifenil-4-il)etil]-L-
leucinamida;
N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(1,3-tiazol-2-il)fenil]etil } - L-
leucinamida;
» N1-(cianometil)-N2- {2,2,2-trifluoro-1-[4'-(metiltio)-1,1'-bifenil-4-il]etil } -L-
leucinamida;
» N1-(cianometil)-N2- {2,2,2-trifluoro-1-[4-(2-metilquinolin-7-il)feniljetil} -L-
leucinamida;
. N1-(cianometil)-N2-{2,2,2-trifluoro-1-[4-(1H-indol-5-il)fenilJetil}-L-
leucinamida;
. N1-(cianometil)-N2- {1-[4'-(dimetilamino)-1,1'-bifenil-4-il]-2,2,2-
trifluoroetil}-L-leucinamida;
, N1-(cianometil)-N2-[(1S)-1-(4-{[(cianometil)amino]carbonil} fenil)-2,2,2-
trifluoroetil]-L-leucinamida,;
* N1-(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;
Jacido.  4'-{1-[1-(Cianometil-carbamoil)-3-metil-butilamino]-2,2,2-trifluoro-
etil}-bifenil-4-carboxilico;
¢ Metoxi-metil-amida del 4cido 4'-{1-[1-(cianometil-carbamoil)-3-metil-
butilamino]-2,2,2-trifluoro-etil} -bifenil-4-carboxilico;
+ N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4-({[4-
(metilsulfonil)bencil]tio}metil)fenil]etil} -L-leucinamida;
¢ N2-{(18)-1-[4-(5-cloropiridin-2-il)fenil]-2,2,2-trifluoroetil} -N 1-(cianometil)-
L-leucinamida;
¢ N2-{(1S)-1-[3'-(aminosulfonil)-4'—bromo-l,1‘-bifeni1-4-i1]-2,2,2-triﬂuoroetil}-
-213- \7 Y
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N1-(cianometil)-L-leucinamida;
+ N2-{(1S)-1-[4"-bromo-3'-(metilsulfonil)-1,1'-bifenil-4-il] -2,2,2-trifluoroetil} -
N1-(cianometil)-L-leucinamida;
» Nl-(cianometil)-N2-((1S)-2,2,2-trifluoro-1-{4-[ 5-metil-6-
(metilsulfonil)piridin-3-i1]fenil}etil)-L-leucinamida;
JN2-[(18)-1-(4-{5-cloro-3-[4-(metilsulfonil)fenil]piridin-2-il} fenil)-2,2,2-
trifluoroetil]-N1-(cianometil)-L-leucinamida;
. N1-(cianometil)-N2-((1S)-2,2,2-trifluoro-1- {4-[(feniltio)metil]fenil} etil)-L-
leucinamida;
» N1-(cianometil)-N2-((1S)-2,2,2-trifluoro-1-{4'-[(trifluorometil)sulfonil]-1,1'"-
bifenil-4-il}etil)-L-leucinamida;
*-N1-(cianometil)-N2-[(18)-2,2,2-trifluoro-1-(4- {[(4-
fluorobenzoil)amino]metil} fenil)etil]-L-leucinamida;
» N1-(cianometil)-N2- {(18)-2,2,2-trifluoro-1-[4-(metilsulfonil)fenil]etil} -L-
leucinamida;
» N1-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;
* N1-(cianometil)-N2- {(1S)-1-[4'-(etilsulfonil)-1,1'-bifenil-4-il]-2,2,2-
trifluoroetil}-L-leucinamida,
*N2-((18)-1- {4-[({[3-(2-cloro-6-fluorofenil)-5-metilisoxazol-4-
ilJcarbonil}amino)metil}fenil}-2,2,2-trifluoroetil)-N'-(cianometil)-L-leucinamida;
»  N2-((1S)-1-{4-[(9-cloro-3-metil-4-oxoisoxazolo[4,3-c]quinolin-5-(4H)-
il)metil]fenil}-2,2,2-trifluoroetil)-N'-(cianometil)-L-leucinamida;
» N1-(cianometil)-N2-{(18S)-2,2,2-trifluoro-1-[4"-metoxi-3"-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;
* N2-{(1S)-1-[4"-cloro-4'-(metilsulfonil)-1,1":2',1"-terfenil-4-il]-2,2,2-
trifluoroetil}-N1-(cianometil)-L-leucinamida;
. Nl-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[2'-metoxi-4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;
- N2-{(1S)-1 -[2'-cloro-4'-(metilsulfonil)-1,1"-bifenil-4-il]-2,2,2-trifluoroetil } -
N1-(cianometil)-L-leucinamida;
- N1-(cianometil)-N2-((1S)-2,2,2-trifluoro-1- {4'-[(2-hidroxietil)tio]-1,1"bifenil-
4-il}etil)-L-leucinamida;
+ N1-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1 -[3'-fluoro-4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida; 19}
-214-



10

15

20

25

30

35

« N1-(cianometil)-N2-((1S)-2,2,2-trifluoro-1- {4'-[(2-hidroxietil)sulfonil]-1,1'-

bifenil-4-il} etil)-L-leucinamida;
. Nl:(cianometil)-N2-{(18)-2,2,2-trifluoro-1-[3'-(metilsulfonil)-1,1"-bifenil-4-

ilJetil}-L-leucinamida;

» N1-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-({2-[metoxi(metil)amino]-2-
oxoetil}sulfonil)-1,1'-bifenil-4-iljetil}-L-leucinamida;

« N1(cianometil)-N2-((1S)-2,2,2-trifluoro-1-{4'-[(2-hidroxi-2-
metilpropil)sulfonil]-1,1'-bifenil-4-il} etil)-L-leucinamida;

*N2-{(1S)-1-[4'-(aminosulfonil)-1,1'-bifenil-4-i1]-2,2,2-trifluoroetil} N1-(1-

cianociclopropil)-L-leucinamida;

+N2-[(4-bromofenil) (2,4,6-trifluorofenil)metil]-N1-(cianometil)-L-
" leucinamida;
» N1-(cianometil)-N2-[(4-piridin-4-ilfenil) (2,4,6-trifluorofenil)metil]-L-
leucinamida;

» N1-(cianometil)-N2-[[4-(4-fluorobencil)fenil](fenil)metil}-L-leucinamida;
+ N1-(cianometil)-N2- {fenilo[4-(piridin-3-ilmetil)fenilJmetil} -L-leucinamida;
» N2- {(4-bromofenil)[4-(metilsulfonil)fenil}metil}-N1-(cianometil)-L-
leucinamida;
. N1.(cianometil)-N2- {[4-(metilsulfonil)fenil][4'-(metiltio)-1,1"-bifenil-4-
iljmetil}-L-leucinamida;
« N1-(cianometil)-N2- {[4'-(metilsulfonil)-1,1"-bifenil-4-il][4-
(metilsulfonil)feniljmetil}-L-leucinamida;
¢ N1-(cianometil)-N2-[2,2,2-tricloro-1-(4-glicoloilfenil)etil]-L-leucinamida;
» Nl-(cianometil)-N2-[2-fluoro-1-(fluorometil)-1-feniletil]-L-leucinamida;
* Nl-(cianometil)-N2-{2,2,2-trifluoro-1-[4-(pirrolidin-1-ilacetil)fenil]etil }-L-
leucinamida,;
l « N1-(cianometil)-N2- {2,2,2-trifluoro-1-[4-(piperazin-1-ilcarbonil) fenil]etil} -L-
leucinamida;
¢ N1-(cianometil)-N2-(2,2,2-trifluoro-1- {4-[2-(4-metilpiperazin-1-il)-1,3-tiazol-
4-il]fenil}etil)-L-leucinamida;
' N1-(1-cianociclopropil)-3-( 1-metilciclopropil)-N2-(2,2,2-trifluoro- 1- {4-[ 1-(2-
hidroxietil)proliljfenil} etil)-L-alaninamida;
* N2-[[4-(4-terc-butilpiperazin-1-il)fenil](pentafluorofenil)metil}-N1-
(cianometil)-L-leucinamida;
«N-(cianometil)-1-{1-[4-(4-metilpiperazin-1-il)fenil]etil} piperidina-2- 2 ||
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carboxamida;

. N2-[[4-(4-terc-butilpiperazin-1-il)fenil](piridin-2-il)metil]-N1-(cianometil)-L-
leucin‘amida;
» N2- {[4~(4-terc-butilpiperazin-1-il) fenil][ 5-(trifluorometil)piridin-2-iljmetil} -
Nl-(cianometil)-L-leucinamida;
+(4S)-N-(cianometil)-4-metil-1-[(1S)-1-(4-piperazin-1-ilfenil)etil]-L-
prolinamida;
+(4S)-N-(cianometil)-4-metil-1-[(1R)-1-(4-piperazin-1-ilfenil)etil]-L-
prolinamida;
¢ N-(cianometil)-1-[(1S)-1-(4-piperazin- 1-ilfenil)etil]-L-prolinamida;
, N-(cianometil)-1-[(1R)-1-(4-piperazin-1-ilfenil)etil]-L-prolinamida;
, N-(cianometil)-4,4-difluoro-1-[(1S)-1-(4-piperazin-1-ilfenil)etil]-L-
prolinamida;
. N'-(1-cianociclopropil)-N2-[(18)-2,2,2-trifluoro-1-(4-metilfenil)etil]-L-
leucinamida;
, N'-(1-cianociclopropil)-N2- {(18)-2,2,2-trifluoro- 1-[4-(1H-pirazol-3-
il)fenil]etil}-L-leucinamida;
. Nl-( 1 -cianociclopropil)-Nz- {(1S)-2,2,2-trifluoro-1-[4-(2-metil-1,3-oxazol-4-
il)fenil]etil }-L-leucinamida;
» N'-(cianometil)-N>-[(1S)-2,2,2-trifluoro-1-(4-pirazin-2-ilfenil)etil]-L-
leucinamida,;
« N'-(cianometil)-N- {(1S)-2,2,2-trifluoro- 1-[4-(2-metilpiridin-4-il)fenil]etil}-L-
leucinamida;
+ N'-(cianometil)-N>-{(1S)-2,2,2-trifluoro-1-[4-(4-metilpiridin-3-il)fenil]etil} -L-
leucinamida;
. N'-(1-cianociclopropil)-N’-{(1S)-2,2,2-trifluoro-1-[4-(1 H-pirazol-4-
il)fenil]etil}-L-leucinamida;
« N'-(1-cianociclopropil)-N>-[(18)-2,2,2-trifluoro- 1-(4-piridin-4-ilfenil)etil]-L-
leucinamida;
, N2-[(18)-1-(3"-acetil-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N'-(1-
cianociclopropil)-L-leucinamida;
«N'-(1-cianociclopropil)-N2-[(1S)-2,2,2-trifluoro-1-(3"-fluoro-4'-metil-1,1'-
bifenil-4-il)etil]-L-leucinamida;
N'-(1-cianociclopropil)-N*-((1S)-2,2,2-trifluoro-1-{ 5-[4-(1-hidroxi-1-
metiletil)fenil]piridin-2-il} etil)-L-leucinamida; 219
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»  N'-(cianometil)-N>-{(1S)-2,2,3,3,3-pentafluoro-1-[4'-(1-hidroxi-1-metiletil)-
1,1'-bifenil-4-il]propil}-L-leucinamida;

‘ Nl-(1-cianociclopropil)—N2-[(1S)-2,2,3,3,3-pentaﬂuoro-l-(4'-metil-1,1'-bifeni1-
4-il)propil}-L-leucinamida;

» N'-(cianometil)-N*-{(1S)-2,2,3,3,3-pentafluoro- 1-[4-(6-metoxipiridin-3-
il)fenil]propil}-L-leucinamida;

. N'-(cianometil)-N>-[(1S)-2,2,3,3,3-pentafluoro-1-(2'-fluoro-1,1"-bifenil-4-
il)propil]-L-leucinamida;

v N'-(1-cianociclopropil)-N*- {(1S)-2,2,2-trifluoro- 1-[4"-metoxi-3'-
(metilsulfonil)-1,1'-bifenil-4-il]etil} -L-leucinamida;

»  N%-{(1S)-1-[3"-(aminosulfonil)-4"-metoxi-1,1'-bifenil-4-il]-2,2,2-trifluoroetil} -
N'-(1-cianociclopropil)-L-leucinamida;

. N!-(1-cianociclopropil)-N- {(1S)-2,2,2-trifluoro- 1-[4-(6-metoxipiridin-3-
il)fenil]etil}-L-leucinamida;

» N'-(cianometil)-N>-{(1S)-2,2,3,3,3-pentafluoro- 1-[4-(5-metilpiridin-2-
il)fenil]propil}-L-leucinamida;

+ N'-(1-cianociclopropil)-N’-((18)-2,2,2-trifluoro- 1- {4-[ 5-(metilsulfonil)piridin-
2-il}fenil}etil)-L-leucinamida;

» N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(5-metilpiridin-2-
il)fenil]etil}-L-leucinamida;

¢« N'-(cianometil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;

¢ N'-(1-cianociclopropil)-4-fluoro-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;

* N'-(1-cianociclopropil)-4-fluoro-N2-{(1S)-2,2,2-trifluoro-1-[2'-metil-4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil } - L-leucinamida;

¢ N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[ 5-(1 H-pirazol-3-il)piridin-
2-il]etil}-L-leucinamida;

« N'-(1-cianociclopropil)-N-[(1S)-2,2,2-trifluoro-1-(5-quinolin-5-ilpiridin-2-
iDetil]-L-leucinamida;

+ N'-(1-cianociclopropil)-N°-[(1S)-2,2,2-trifluoro-1-(5-quinolin-6-ilpiridin-2-
il)etil]-L-leucinamida;

¢ N'-(1-cianociclopropil)-N%-{(1S)-2,2-difluoro-1-[4'-(metilsulfonil)-1,1"-
bifenil-4-iljetil}-L-leucinamida;

¢ N2[(1S)-1-(4"-acetil-1,1"-bifenil-4-i1)-2,2,3,3,3-pentafluoropropil]-N'-(1- 219
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cianociclopropil)-L-leucinamida;

. Nz-[(lS)-l-(l,1'-bifenil-4-i1)-2,2,2-tn'ﬂuoroeti1]-N'-(1-cianociclopr0pil)-L-
leucinamida;
. Nz-{(1S)-1-[4'-(aminosulfoni1)—l,1‘-bifenil-4-i1]-2,2,3,3,3-pentaﬂuoropropil}-
N!-(1-cianociclopropil)-L-leucinamida;
. Nl-(l-cianociclopropil)-Nz-{(IS)-l-[4-(1-etoxivinil)fenil]-2,2,2-triﬂuoroetil}-
L-leucinamida;
+ N2[(1S)-1-(4-acetilfenil)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-L-
leucinamida;
» N'-(1-cianociclopropil)-N2-[(1S)-2,2,2-trifluoro-1-(4-isopropilfenil)etil]-L-
leucinamida;
. N'-(1-cianociclopropil)-N?-[(1S)-2,2,2-trifluoro-1-feniletil]-L-leucinamida;
. N'-(1-cianociclopropil)-N*-{(18)-2,2,2-trifluoro-1 -{4-(1-hidroxi-1-
metiletil)fenil]etil}-L-leucinamida;
, N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(1-
metilciclopropil)fenil]etil}-L-leucinamida;
« N'-(1-cianociclopropil)-N2-[(1S)-2,2,2-trifluoro-1-(2',4",6'-trimetil-1,1"-bifenil-
4-il)etil]-L-leucinamida;
*N2[(18)-1-(6-cloropiridin-3-il)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-L-
leucinamida;
. N%{(1S)-1-[ 5-(4-acetilfenil)piridin-2-il}-2,2,2-trifluoroetil}-N'-(1-
cianociclopropil)-L-leucinamida;
o N’-{(1S)-1-[6-(4-acetilfenil)piridin-3-il]-2,2,2-trifluoroetil}-N'-(1-
cianociclopropil)-L-leucinamida;
. N2{(18)-1-[5-(3-acetilfenil)piridin-2-i1]-2,2,2-trifluoroetil} -N"-(1-
cianociclopropil)-L-leucinamida;
. N'-(1-cianociclopropil)-N>-((1S)-2,2,2-trifluoro-1- {5-[4-(1-
hidroxietil)fenil]piridin-2-il} etil)-L-leucinamida;
* NZ[(1S)-1-(1,1"-bifenil-4-il)-2,2,3,3,3-pentafluoropropil]-N'-(cianometil)-L-
leucinamida;
, N%[(1S)-1-(4"-acetil-1,1'-bifenil-4-il)-2,2,3,3,3-pentafluoropropil]-N'-
(cianometil)-L-leucinamida;
* NZ[(1S)-1-(1,1"-bifenil-4-il)-2,2,3,3,3-pentafluoropropil]-N'-(1-
cianociclopropil)-L-leucinamida;
. N2-(1-benci1-2,2,2-triﬂuoroeti1)-N1-(1-cianociclopropil)—L—leucinamida; 265
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v N%[(1S)-1-(4-terc-butilfenil)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-L-
leucinamida;
+ N2[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(cianometil)-4-metil-L-
leucinamida;
« N2[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-4-metil-
L-leucinamida,;
- N'-(1-cianociclopropil)-N*-((18)-2,2,2-trifluoro-1- {4-[2-(1H-pirazol-4-il)-1,3-
tiazol-4-il]fenil}etil)-L-leucinamida;
+ N'-(1-cianociclopropil)-N*{(1S)-2,2,2-trifluoro- 1-[4-(2-metil-1,3-tiazol-4-
il)fenil]etil}-L-leucinamida;
* N'-(1-cianociclopropil)-N2-{(18)-2,2,2-trifluoro-1-[4-(2-metilpiridin-4-
il)fenil]etil}-L-leucinamida;
« N'-(1-cianociclopropil)-N2- {(1S)-2,2,2-trifluoro-1-[4-(2-metilpiridin-3-
iDfenil]etil}-L-leucinamida;
.N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4-(6-metilpiridin-2-
il)fenil]etil}-L-leucinamida;
« N%-[(18)-1-(3"-acetil-1,1'-bifenil-4-il)-2,2,2-trifluoroetil]-N'-(1-
cianociclopropil)-4-fluoro-L-leucinamida;
» N'-(1-cianociclopropil)-4-fluoro-N>-{(1S)-2,2,2-trifluoro-1-[4-(1H-pirazol-3-
il)fenil]etil}-L-leucinamida;
« N'-[(1S)-1-cianoetil]-N*{(18)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1"-bifenil-
4-il}etil}-L-leucinamida;
« N'-[(1S)-1-ciano-3-(metiltio)propil}-N’- {(1S)-2,2,2-trifluoro-1-[4-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
v NL-[(1S)-1-ciano-3-(metilsulfonil)propil]-N>- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil } -L-leucinamida;
+ N2-[(1S)-1-(4-bromofenil)-2,2,3,3,3-pentafluoropropil]-N'-(1-
cianociclopropil)-L-leucinamida;
» N'-(cianometil)-N>- {(1S)-2,2,3,3,3-pentafluoro- 1-[4-(6-metoxipiridin-2-
il)fenil]propil}-L-leucinamida;
’ Nz-[(lS)—1-(5-bromopin’din—2-i1)-2,2,2-triﬂuoroetil]-N’-(cianometil)-L—
leucinamida;
» N'-(cianometil)-N?-((1S)-2,2,2-trifluoro- 1- { 5-[4-(metilsulfonil)fenil]piridin-2-
il}etil)-L-leucinamida;
. N'-(1-cianociclopropil)-N>-{(1S)-2,2,2-trifluoro-1-{4"-(1-hidroxi-1-metiletil)- ) &3
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1,1'-bifenil-4-il]etil} -L-leucinamida;

* N'-(cianometil)-N2-[(18)-2,2,2-trifluoro-1-(6"-metil-3,3'-bipiridin-6-il)etil]-L-
leucinamida; .
» N'-(1-cianociclopropil)-N*-{(1S)-2,2,2-trifluoro-1-[4-(6-metoxipiridin-2-
iD)fenil]etil}-L-leucinamida;
. N'-(cianometil)-N2-{(18)-2,2,2-trifluoro-1-[4-(6-0x0-1,6-dihidropiridin-2-
il)fenil]etil}-L-leucinamida;
. (4S)-N'-(cianometil)-5,5,5-trifluoro-N>- {(18)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
» (4S)-N'-(1-cianociclopropil)-5,5,5-trifluoro-N>- {(18)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
» (4S)-N'-(cianometil)-5,5,5-trifluoro-N2- {(18)-2,2,2-trifluoro-1-[4'-(metiltio)-
1,1'-bifenil-4-il]etil}-L-leucinamida;
. (4S)-N'-(1 -cianociclopropil)—S,5,5—triﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-
(metiltio)-1,1'-bifenil-4-il]etil}-L-leucinamida;
. (4S)-N%[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(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;
+ N%-{(1S)-1-[4-(6-aminopiridin-3-il)fenil]-2,2,2-trifluoroetil} -N'-(cianometil)-
L-leucinamida;
» N2-[(1 S)-1-(4-bromofeni1)-2,2,2-triﬂuoroeti1]-N1—(1 -cianociclopropil)-4-
fluoro-L-leucinamida;
, N'-(cianometil)-N2- {(1S)-2,2,3,3,3-pentafluoro-1-[4-(6-metilpiridin-3-
il)fenil]propil}-L-leucinamida;
, N! -(1-cianociclopropil)-N>-{(1S)-2,2,3,3,3-pentafluoro-1-[4-(6-metilpiridin-3-
il)fenil]propil}-L-leucinamida;
» N'-(1-cianociclopropil)-N’-{(1S)-2,2,2-trifluoro-1-[4-(6-metilpiridin-3-
il)fenil]etil}-L-leucinamida,
+ N'-(cianometil)-N2- {(1S)-2,2,2-trifluoro-1-[4'-(1-hidroxietil)-1,1"-bifenil-4-
il]etil}-L-leucinamida;
» N'-(cianometil)}-N*- {(1S)-2,2,2-trifluoro-1-[4-(2,2,2-trifluoro-1-hidroxietil)-
1,1'-bifenil-4-il]etil }-L-leucinamida;
» N'-(1-cianociclopropil)-N2-{(1S)-2,2,3,3,3-pentafluoro-1-[4'-(metiltio)-1,1"-
bifenil-4-il]propil}-L-leucinamida; 300

~
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e N'-(1-cianociclopropil)-N2-{(1S)-2,2,3,3,3-pentafluoro-1-[4'-(1-hidroxi-1-
metiletil)-1,1'-bifenil-4-il]propil}-L-leucinamida;
N1 -cianociclopropil)-N2-{(1S)-2,2,3,3,3 -pentafluoro-1-[4'-(metilsulfonil)-
1,1'-bifenil-4-il]propil}-L-leucinamida;
«N'-(1-cianociclopropil)-N>-{(18)-2,2,3,3,3-pentafluoro-1-[4-(6-metoxipiridin-
2-ihfenil]propil}-L-leucinamida;
» (4R)-N'-(cianometil)-5,5,5-trifluoro-N’- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
(4R)-N'-(1 -cianociclopropil)-5,5,5-trifluoro-N2-{(1S)-2,2,2-trifluoro-1 -[4*-
(metilsulfonil)-1,1'-bifenil-4-il]etil} -L-leucinamida;
.N! -(cianometil)-Nz-[( 1S)-2,2,3,3,3-pentafluoro-1-(4"-metil-1,1'-bifenil-4-
il)propil]-L-leucinamida;
« N'-(cianometil)-N’- {(1S)-2,2,3,3,3-pentafluoro-1-[4-(1,3-tiazol-2-
il)fenil]propil}-L-leucinamida;
.N'-(1 -cianociclopropil)-N2-[(1S)-1 ~-(4-etinilfenil)-2,2,3,3,3-pentafluoropropil]-
L-leucinamida;
. N'-(cianometil)-N2-{(1S)-1-[4-(ciclopropiletinil)fenil]-2,2,2-trifluoroetil} -L-
leucinamida;
» N'-(1-cianociclopropil)-N?- {(1S)-1 -[4-(ciclopropiletinil)fenil]-2,2,2-
trifluoroetil}-L-leucinamida;
«N'-(cianometil)-N>- {(1S)-2,2,2-trifluoro-1-[4-(5-metil-1,3-tiazol-2-
il)fenil]etil}-L-leucinamida;
» N'-(1-cianociclopropil)-N2-{(18)-2,2,2-trifluoro-1-[4-(1,3-tiazol-2-
il)fenil]etil}-L-leucinamida;
. N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-triflucro-1 -[4-(5-metil-1,3-tiazol-2-
il)fenil]etil}-L-leucinamida;
-N'-(1-cianociclopropil)-N2- {(1S)-1-[4-(ciclopropiletinil)fenil]-2,2,3,3,3-
pentafluoropropil}-L-leucinamida;
* N'-(1 -cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1 -[4-(4-metil-1,3-tiazol-2-
il)fenil]etil}-L-leucinamida;
. N'-(cianometil)-N2-{(1S)-2,2,2-trifluoro-1 -[4-(4-metil-1,3-tiazol-2-
il)fenil]etil}-L-leucinamida;
¢ N'-(cianometil)-N-{(1S)-1-[4-(4,5-dimetil-1,3-tiazol-2-il)fenil]-2,2,2-
trifluoroetil}-L-leucinamida;
» N'-(1-cianociclopropil)-N>- {(1S)-1-[4"-(etilsulfonil)-1,1'-bifenil-4-il]-2,2,2-
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trifluoroetil} -4-fluoro-L-leucinamida;

. N'-(1-cianociclopropil)-4-fluoro-N2-[(18S)-2,2,2-trifluoro-1-(4-piridin-3-
ilfenil)etil}-L-leucinamida;
» N -(1-cianociclopropil)-4-ﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-metoxi-3'-
(metilsulfonil)-1,1'-bifenil-4-il]etil} -L-leucinamida;
» N2{(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil] -N'-(cianometil)-L-alaninamida;
N%-{(1S)-1-[4'-(aminosulfonil)-1,1"-bifenil-4-il]-2,2,3,3,3-pentafluoropropil } -
N'-(cianometil)-L-leucinamida;
N'-(cianometil)-N%-((1S)-2,2,3,3,3-pentafluoro-1- {4'-[(2-hidroxi-2-
metilpropil)sulfonil]-1,1"-bifenil-4-il} propil)-L-leucinamida;
. N'-(cianometil)-N?- {(1S)-2,2,2-trifluoro-1-[4-(metilsulfonil)-1,1'-bifenil-4-
il]etil}-L-alaninamida;
- N'-(cianometil)-N2-{(1S)-2,2,3,3,3-pentafluoro-1-[4'-(isopropilsulfonil)-1,1'-
bifenil-4-il]propil}-L-leucinamida;
., N'-(1-ciano-1 -metiletil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-iljetil}-L-leucinamida;
’ Nl-(l-cianociclopropil)-Nz-((l S)-2,2,2-trifluoro-1-{4'-[(2-hidroxi-2-
metilpropil)sulfonil]-1,1"-bifenil-4-il} etil)-L-leucinamida,
» N'-(1-cianociclopropil)-N- {(1S)-2,2,2-trifluoro-1-[2"-metil-4'-(metilsulfonil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;
.N! -(l-cianociclopropil)-Nz- {(1S)-1-[4'-(etilsulfonil)-1,1'-bifenil-4-il]-2,2,2-
trifluoroetil}-L-leucinamida;
+ N2-{(1S)-1-[4'-(aminosulfonil)-1,1"-bifenil-4-il]-2,2,2-trifluoroetil } N'-(1-
cianociclopropil)-4-fluoro-L-leucinamida;
* N'-(cianometil)-N’- {(S)-[4'-(metilsulfonil)-1,1"-bifenil-4-i1][4-
(trifluorometoxi)fenilJmetil}-L-leucinamida;
» N'-(cianometil)-N2-[(S)-[4"-(metilsulfonil)-1,1"-bifenil-4-il}(tien-2-i)metil]-L-
leucinamida;
. metanosulfonato de N'-(cianometil)-N2-[(S)-(4"-piperazin-4-io-1-il-1,1'-bifenil-
4-i) (tien-2-il)metil]-L-leucinamida;
» N'-(cianometil)-N2- {(S)-(4-fluorofenil)[4'-(metilsulfonil)-1,1"-bifenil-4-
iljmetil}-L-leucinamida;
* N'-(cianometil)-N- {(S)-[4'-(metilsulfonil)-1,1'"-bifenil-4-il][4-
(trifluorometil)fenil]metil}-L-leucinamida;
, N2 {(S)-(4-clorofenil)[4'-(metilsulfonil)-1,1'-bifenil-4-iljmetil}-N'- 3 24
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(cianometil)-L-leucinamida;

+ N'-(cianometil)-N%-{(18)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1"-bifenil-4-
il]etil}-L-norvalinamida;
» N2-[(S)-(4-bromofenil) (tien—2-il)meti1]-N1—(cianometil)—L—leucinamida;
»N'-(cianometil)-N2-[(S)-[4-(4,4,5,5-tetrametil-1,3,2-dioxaborolan-2-
il)fenil](tien-2-il)metil]-L-leucinamida;
. N%-{(R)-(4-bromofenil)[4-(trifluorometoxi)fenil]metil}-N'-(cianometil)-L-
leucinamida;
. N! -(cianometil)-Nz- {(S)-[4-(4,4,5,5-tetrametil-1,3,2-dioxaborolan-2-il)fenil][4-
(trifluorometoxi)fenil]metil } -L-leucinamida;
, N2-[(S)-(4-bromofenil) (2-furil)metil}-N'-(cianometil)-L-leucinamida;
.N'-(cianometil)-N2- {(S)-2-furil[4'-(metilsulfonil)-1,1'-bifenil-4-iljmetil} -L-
leucinamida;
» N2-[1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(cianometil)-L-norvalinamida;
» N2-{(R)-(4-bromofenil)[4-(trifluorometil)fenilJmetil} -N'-(cianometil)-L-
leucinamida;
’ Nl-(cianometil)-Nz- {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;
- N'-(cianometil)-N?-{2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-bifenil-4-ilJetil} -
L-norvalinamida;
» N%-[(S)-(4-bromofenil) (3-metiltien—2-i1)metil]—N’-(cianometil)-L-leucinamida;
» N?-[(S)-(4-bromofenil) (tien—3-i1)metil]-N1-(cianometil)-L-leucinamida;
. N! —(cianometil)—NZ- {(S)-(2,4-difluorofenil)[4'-(metilsulfonil)-1,1'-bifenil-4-
ilJmetil}-L-leucinamida;
, N'-(cianometil)-N2-[(S)-[4'-(metilsulfonil)-1,1'-bifenil-4-il](tien-3-il)metil]-L-
leucinamida,;
« N'-(cianometil)-N*-[(S)-[4'-(metilsulfonil)-1,1"-bifenil-4-il](3-metiltien-2-
il)metil]-L-leucinamida;
, Nl-(cianometil)-Nz-[(S)-[4'-(4-ciclopropilpiperazin—1-il)-1,1'—bifenil-4-i1](3-
metiltien-2-il)metil]-L-leucinamida;
¢ N'-(cianometil)-N>-[(S)-[4"-(4-ciclopropilpiperazin-1-il)-1,1'-bifenil-4-il](tien-
3-il)metil]-L-leucinamida;
. N2[1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(cianometil)-5,5,5-trifluoro-L-
norvalinamida; 2 PZa
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« N'-(cianometil)-5,5,5-trifluoro-N>-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-
1,1'-bifenil-4-il]etil } -L-norvalinamida;

» NP-[(S)-(4-bromofenil) (3-metiltien-2-il)metil]-N'-(1-cianociclopropil)-L-
leucinamida;

¢ N'-(1-cianociclopropil)-N>-[(S)-[4'-(metilsulfonil)-1,1"-bifenil-4-il}(3-
metiltien-2-il)metil]-L-leucinamida;

, N'-(cianometil)-N>-{(S)-3-furil[4"-(metilsulfonil)-1,1'"-bifenil-4-iljmetil} -L-
leucinamida;

« N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-norvalinamida;

« N2-[(18)-1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-L-
norvalinamida N2-[(S)-(4-bromofenil) (4-bromotien-2-i))metil]-N'-(cianometil)-L-
leucinamida;

« N%-[(S)-(4-bromofenil) (tien-3-il)metil]-N'-(1-cianociclopropil)-L-
leucinamida;

» N'-(cianometil)-N*-((S)-[4"-(metilsulfonil)-1,1'-bifenil-4-il] {4-[4-
(metilsulfonil)fenil]tien-2-il} metil)-L-leucinamida;

» N'-(1-cianociclopropil)-N-[(S)-[4'-(metilsulfoni])-1,1'-bifenil-4-il](tien-3-
il)metil]-L-leucinamida;

» N2-{(1S)-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;

. N’-[(S)-[4'-(aminosulfonil)-1,1"bifenil-4-il](tien-3-il)metil]-N'-(1-
cianociclopropil)-L-leucinamida;

» N[(S)-[4"-(aminosulfonil)-1,1'-bifenil-4-il](tien-3-il)metil]-N'-(cianometil)-L-
leucinamida;

« N'-(1-cianociclopropil)-N*-{(1S)-2,2,2-trifluoro-1-[4'-metoxi-3'-
(metilsulfonil)-1,1'-bifenil-4-iljetil } -L-norvalinamida;

« N'-(1-cianociclopropil)-N>-{(1S)-2,2,2-trifluoro-1-[4-(2-metilpiridin-4-
il)fenil}etil}-L-norvalinamida;

*N'-(1-cianociclopropil)-5,5,5-triftuoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-norvalinamida;

- N'-(1-cianociclopropil)-N*-{(1S)-2,2,2-trifluoro-1-[4-(1H-pirazol-3-
il)fenil]etil}-L-norvalinamida, )
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» N'-(1-cianociclopropil)-N2- {(1S)-2,2,2-trifluoro-1-[4'-(1-hidroxi-1-metiletil)-
1,1'-bifenil-4-il]etil}-L-norvalinamida;
. N'-(1-cianociclopropil)-N*-{(18)-2,2,2-trifluoro-1-[4-(5-metilpiridin-2-
il)fenil]etil}-L-norvalinamida;
« Cianometil-amida del acido 2-{[(4-bromo-fenil)-piridin-4-il-metil]-amino}-
pentanoico;
. Cianometil-amida del acido 2-{[(4-bromo-fenil)-tiazol-2-il-metil]-amino}-
pentanoico;
« (1-cianociclopropil)-amida del 4cido (2S)-2-[(S)-1-(4'-acetilbifenil-4-il)-2,2,2-
trifluoroetilamino]-pentanoico;
* (1-cianociclopropil)-amida del acido (2S)-2-[(S)-1-(2',4'-difluorobifenil-4-il)-
2,2,2-trifluoroetilamino]-pentanoico;
» (1-cianociclopropil)-amida del acido (2S)-2-[(S)-1-(3',4"-difluorobifenil-4-il)-
2,2 2-trifluoroetilamino]-pentanoico,
« (1-ciano-ciclopropil)-amida del acido (2S)-2-[(S)-1-(3'-cloro-4'-fluorobifenil-
4-il)-2,2,2-trifluoroetilamino]-pentanoico;
, (1-Ciano-ciclopropil)-amida del 4cido (2S)-2-[(S)-2,2,2-trifluoro-1-(4'-
metanosulfonilamino-bifenil-4-il)-etilamino]-pentanoico;
Cianometil-amida del &cido (2S)-2-{(S)-[(4-bromo-fenil)-tiazol-2-il-metil]-
amino }-4-metilpentanoico;
« N'-(1-cianociclopropil)-N2- {(1S)-2,2,2-trifluoro-1-[4'-cloro-1,1"-bifenil-4-
iljetil}-L-norvalinamida;
, N'-(1-cianociclopropil)-N*-{(1S)-2,2,2-trifluoro-1-[4'-cloro-3'-metil-1,1'-
bifenil-4-il]etil}-L-norvalinamida;
» N'-(1-cianociclopropil)-N>-{(1S)-2,2,2-trifluoro-1-[4'-cloro-2'-metil-1,1'-
bifenil-4-il]etil}-L-norvalinamida;
, (1-Ciano-ciclopropil)-amida del 4cido (2S)-2-{(S)-2,2,2-trifluoro-1-[4-(1H-
indol-5-il)-fenil]-etilamino } -pentanoico;
, (1-Ciano-ciclopropil)-amida del 4acido (2S)-2-[(S)-2,2,2-trifluoro-1-(3'-
metanosulfonilamino-bifenil-4-il)-etilamino]-pentanoico;
» N'-(1-cianociclopropil)-N>-{(18)-2,2,2-trifluoro-1-[4"-fluoro-1,1"-bifenil-4-
ilJetil}-L-norvalinamida;
« N'-(1-cianociclopropil)-N*-{(1S)-2,2,2-trifluoro-1-[4'-fluoro-3'-metil-1,1'-
bifenil-4-il]etil}-L-norvalinamida;
R N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[3"-fluoro-4'-metil-1,1'- £9 ’
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bifenil-4-il]etil}-L-norvalinamida;

) N'-(1-cianociclopropil)-N>-{(1 S)-2,2,2-trifluoro-1-[4'-trifluorometoxi-1,1'-
bifenil-4-il]etil}-L-norvalinamida;
(1-Cianociclopropil)-amida del 4acido  (2S)-2-[(S)-2,2,2-trifluoro-1-(4'"-
metilbifenil-4-il)-etilamino]-pentanoico;
” (1-Cianociclopropil)-amida del 4cido (2S)-2-[(S)-1-(4'-cianobifenil-4-il)-
2,2 2-trifluoroetilamino]-pentanoico;
» N'-(1-cianociclopropil)-N*-{(1S)-2,2,2-trifluoro-1 -[4'-metoxi-1,1'-bifenil-4-
il]etil}-L-norvalinamida;
« N'-(1 -cianociclopropil)-Nz- {(1S)-2,2,2-trifluoro-1-[4-(benzo[ 1,3]dioxol-5-
iDfenil]etil}-L-norvalinamida;
-N'-(1 -cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metoxicarbonil)-1,1'-
bifenil-4-il]etil}-L-norvalinamida;
. (1-Cianociclopropil)-amida del acido (2S)-2-{(S)-[(4-bromofenil)-tiazol-2-il-
metil]-amino}-4-metilpentanoico;
* Cianometil-amida del 4cido (2S)-2-{(S)-[(4"-metanosulfonil-bifenil-4-il)-
tiazol-2-il-metil]-amino } -4-metil-pentanoico;
» (1-Ciano-ciclopropil)-amida del 4cido (2S)-2-[(S)-2,2,2-trifluoro-1-(4'-
trifluorometil-bifenil-4-il)-etilamino]-pentanoico;
* (1-Ciano-ciclopropil)-amida del 4cido (2S)-2-[(S)-2,2,2-trifluoro-1-(2'-
trifluorometil-bifenil-4-il)-etilamino}-pentanoico;
» (1-Cianociclopropil)-amida del 4cido (2S)-2-{(S)-[(2',4-difluorobifenil-4-il)-
tiazol-2-il-metil]-amino}-4-metilpentanoico;
» (1-Cianociclopropil)-amida del 4cido (2S)-2-{(S)-[(4'-metanosulfonilbifenil-4-
il)-tiazol-2-il-metil]-amino} -4-metilpentanoico;
N'-(1 ~cianociclopropil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-[4-(1-oxido-2,3-
dihidro-1-benzotien-5-il)fenil]etil }-L-leucinamida;
»N'-(1-cianociclopropil)-N2- {(1S)-1-[4-(1,1-dioxido-2,3-dihidro-1-benzotien-5-
il)fenil]-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida;
e N'-(1 ~cianociclopropil)-N2-{(1S)-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- {(18)-2,2,2-trifluoro-1 -[4'-(metilsulfinil)-
1,1'-bifenil-4-il]etil } -L-leucinamida;
cN]-(l-cianociclopropil)—NZ-{(lS)-l-[4-(1,1-dioxido-3-ox0-2,3-dihidro-1,2-
benzisotiazol-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida; “IO C(
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» N'-(1-cianociclopropil)-4-fluoro-N2-{(1S)-2,2,2-trifluoro-1-[2'-(1-hidroxi-1-
metiletil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
* N'-(1-cianociclopropil)-4,4-difluoro-N2-{(1S)-2,2,2-trifluoro-1-[4"-
(metilsulfonil)-1,1 '-biferiil-4—il] etil}-L-norvalinamida;
+ N'-(cianometil)-4,4-difluoro-N>- {(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-norvalinamida;
+ N'-(cianometil)-4-fluoro-N>- {(1S)-2,2,2-tricloro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;
» N'-(1-cianociclopropil)-4-fluoro-N2- {(18)-2,2,2-tricloro- 1-[4'-(metilsulfonil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;
. N'-(1-cianociclopropil)-4,4-difluoro-N>- {(1S)-2,2,2-tricloro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil } -L-norvalinamida;
» N'-(cianometil)-4,4-difluoro-N>-{(18)-2,2,2-tricloro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il}etil}-L-norvalinamida;
» (25)-N-(cianometil)-4,4-difluoro-2-({(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-
1,1'-bifenil-4-il]etil} amino)butanamida;
» (25)-N-(1-cianociclopropil)-4,4-difluoro-2-({(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil} amino)butanamida;
» (25)-N-(1-cianociclopropil)-4,4-difluoro-2-({(1S)-2,2,2-tricloro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil} amino)butanamida;
« (2S)-N-(cianometil)-4,4-difluoro-2-({(1S)-2,2,2-tricloro-1-[4'-(metilsulfonil)-
1,1'-bifenil-4-il]etil} amino)butanamida;
, (2S)-4,4-dicloro-N-(cianometil)-2-({(1S)-2,2,2-trifluoro- 1-[4'-(metilsulfonil)-
1,1'-bifenil-4-il]etil} amino)butanamida;
. (25)-4,4-dicloro-N-(1-cianociclopropil)-2-({(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil} amino)butanamida;
» (25)-4,4-dicloro-N-(1-cianociclopropil)-2-({(1S)-2,2,2-tricloro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil} amino)butanamida;
* (25)-4,4-dicloro-N-(cianometil)-2-({(1S)-2,2,2-tricloro-1-[4'-(metilsulfonil)-
1,1'-bifenil-4-iljetil} amino)butanamida;
¢ N*-[(18)-1-(1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-4-
fluoro-L-leucinamida; :
» N'-(1-cianociclopropil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-[3'-(1-hidroxietil)-
1,1-bifenil-4-ilJetil}-L-leucinamida;
¢ N'-(1-cianociclopropil)-4-fluoro-N>-[(1S)-2,2,2-trifluoro-1-(4"-metil-1,1'- 127
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bifenil-4-il)etil]-L-leucinamida;

« N'-(1-cianociclopropil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-[3'-(1-hidroxi-1-
metiletil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
" N2-[(1S)-1-(4'-acetil-1,1"-bifenil-4-i1)-2,2,2-trifluoroetil]-N'-(1-
cianociclopropil)-4-fluoro-L-leucinamida; _
» N*-[(1S)-1-(2'-acetil-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N"-(1-
cianociclopropil)-4-fluoro-L-leucinamida;
* N'-(1-cianociclopropil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-[4'-(1-hidroxietil)-
1,1'-bifenil-4-il]etil } -L-leucinamida;
- N'- -cianociclopropil)-4-ﬂuoro-Nz- {(1S)-2,2,2-trifluoro-1-[2'-(1-hidroxietil)-
1,1'-bifenil-4-il}etil} -L-leucinamida;
* N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-[4"-(1-hidroxi-1-
metiletil)-1,1'-bifenil-4-il}etil} -L-leucinamida;
¢ N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-[2'-(1-hidroxi-1-
metiletil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
N'-(1-cianociclopropil)-4-fluoro-N-((1S)-2,2,2-trifluoro-1- {5-[4-
(metilsulfonil)fenil]piridin-2-il} etil)-L-leucinamida;
N'-(1-cianociclopropil)-4-fluoro-N>-((1S)-2,2,2-trifluoro-1- {6-[4-
(metilsulfonil)fenil]piridin-3-il} etil)-L-leucinamida;
N'-(1-cianociclopropil)-4-fluoro-N>-[(18)-2,2,2-trifluoro-1-(4- {6-
[(metilsulfonil)amino]piridin-3-il} fenil)etil]-L-leucinamida;
N'-(cianometil)-4-fluoro-N>-[(1S)-2,2,2-trifluoro-1-(4- {6-
[(metilsulfonil)amino]piridin-3-il} fenil)etil]-L-leucinamida;
N'-(1-cianobutil)-4-fluoro-N2- {(18)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;
N'-( -ciano-2-ciclopropiletil)-4-ﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
N'-(1-ciano-2-piridin-3-iletil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil } -L-leucinamida;
N'-(1-ciano-3-hidroxi-3-metilbutil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-[4"-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;
N'-(1-cianociclopropil)-4-fluoro-N2- {(18)-2,2,2-trifluoro-1-[4-(1-0x0-1,3-
dihidro-2-benzofuran-5-il)fenil]etil } -L-leucinamida;
N'-(1-cianociclopropil)-N2- {(1S)-1-[4-(3,3-dimetil-1-ox0-1,3-dihidro-2-
benzofuran-5-il)fenil]-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida;
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N*-(1-cianociclopropil)-N2- {(1S)-1-[4-(3,3-dietil-1-oxo0-1,3-dihidro-2-
benzofuran-5-il)fenil]-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2-{(1S)-2,2,2-trifluoro-1-[4-(3-0x0-1,3-
dihidro-2-benzofuran-5-il)fenil]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N*- {(1S)-1-[4-(1,1-dimetil-3-0xo-1,3-dihidro-2-
benzofuran-5-il)fenil}-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida;

N-(1 -cianociclopropil)-Nz- {(1S)-1-[4-(1,1-dietil-3-0x0-1,3-dihidro-2-
benzofuran-5-il)fenil]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida;

N'-(1 -cianociclopropil)—4—ﬂuoro-Nz- {(15)-2,2,2-trifluoro-1-[4'-(3-0x0-1,3-
dihidro-2-benzofuran-5-il)-1,1'-bifenil-4-il]etil }-L-leucinamida;

N'-(1-cianociclopropil)-N*-{(1S)-1-[4'-(1,1-dimetil-3-ox0-1,3-dihidro-2-
benzofuran-5-il)-1,1'-bifenil-4-il]-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida;

N'-(1 -cianociclopropil)—Nz- {(1S)-1-[4'-(1,1-dietil-3-0x0-1,3-dihidro-2-
benzofuran-5-il)-1,1"-bifenil-4-il]-2,2,2-trifluoroetil }-4-fluoro-L-leucinamida;

N'-(1 -cianociclopropil)-4-ﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-(1-0x0-1,3-
dihidro-2-benzofuran-5-il)-1,1'-bifenil-4-il]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N>- {(1S)-1-[4'-(3,3-dimetil-1-ox0-1,3-dihidro-2-
benzofuran-5-il)-1,1'-bifenil-4-i1]-2,2,2-trifluoroetil} -4-fluoro-L-leucinamida;

N'-(1-cianociclopropil)-N- {(1S)-1-[4'-(3,3-dietil-1-0ox0-1,3-dihidro-2-
benzofuran-5-il)-1,1'-bifenil-4-il]-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-[4-(5-0x0-2,5-
dihidrofuran-3-il)fenil]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N2-{(1S)-1-[4-(2,2-dimetil-5-0x0-2,5-dihidrofuran-3-
il)fenil}-2,2,2-trifluoroetil }-4-fluoro-L-leucinamida;

N'-(1-cianociclopropil)-N2-{(1S)-1-[4-(2,2-dietil-5-ox0-2,5-dihidrofuran-3-
il)fenil]-2,2,2-trifluoroetil}-4-fluoro-L-leucinamida;

N'-(1 -cianociclopropi1)-4-ﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4-(2-0x0-2,5-
dihidrofuran-3-il)fenil]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N2- {(1S)-1-[4-(5,5-dimetil-2-0x0-2,5-dihidrofuran-3-
il)fenil]-2,2,2-trifluoroetil }-4-fluoro-L-leucinamida;

N'-(1-cianociclopropil)-N2- {(1S)-1-[4-(5,5-dietil-2-0x0-2,5-dihidrofuran-3-
il)fenil]-2,2,2-trifluoroetil}-4-fluoro-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2-{(18)-2,2,2-trifluoro-1-[4-(5-0x0-4-
oxaspiro[2.4]hept-6-en-7-il)fenil]etil} -L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-[4-(6-0x0-5-
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oxaspiro[3.4]oct-7-en-8-il)fenil]etil} -L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(18)-2,2,2-trifluoro-1-[4-(5-0x0-4-
oxaspiro[2.4]hept-6-en-6-il)fenil]etil}-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1 -[4-(6-0x0-5-
oxaspirof3.4]oct-7-en-7-il)fenil}etil} -L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2-[(1S)-2,2,2-trifluoro-1 -(4-quinolin-6-
ilfenil)etil]-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-(metilsulfinil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;

N2-[(1S)-1-(4"-acetil-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N'-(1-
cianociclopropil)-L-leucinamida;

N'-(1-cianociclopropil)-N>-[(1S)-2,2,2-trifluoro-1-(4-quinolin-6-ilfenil)etil]-L-
leucinamida;

N2-[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-4,4-
difluoro-L-norvalinamida;

N'-(1-cianociclopropil)-4,4-difluoro-N>- {(1S)-2,2,2-trifluoro-1-[4'-(metiltio)-
1,1'-bifenil-4-il]etil } -L-norvalinamida;

N'-(1 -cianociciopropil)-4,4-diﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4'"-
(metilsulfonil)-1,1'-bifenil-4-il]etil }-L-norvalinamida;

N'-[(1S)-1-ciano-3-(metilsulfonil)propil]-N>- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2-[(1S)-2,2,2-trifluoro-1-(4-quinolin-6-
ilfenil)etil]-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-(metilsulfinil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N2-{(1S)-2,2,2-trifluoro-1-[4'-(1-hidroxietil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;

N2-{(18)-1 -(4"-acetil-1,1'-bifenil-4-il)-2,2,2-trifluoroetil]-N'-(1-
cianociclopropil)-L-leucinamida;

N'-(1 -cianociclopropil)-N2-[(18)-2,2,2-trifluoro-1-(4-quinolin-6-ilfenil)etil]-L-
leucinamida;

NZ-[(18)- 1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(1 -cianociclopropil)-4,4-
difluoro-L-norvalinamida;

N'-(1-cianociclopropil)-4,4-difluoro-N- {(1S)-2,2,2-trifluoro-1-[4'-(metiltio)-
1,1'-bifenil-4-il]etil}-L-norvalinamida;
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N'-(1 -cianociclopropil)-4,4-diﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-norvalinamida;

N-(1 -cianociclopropil)—4-ﬂuoro-Nz-((1 S)-2,2,2-trifluoro-1- {4-[5-metil-6-
(metilsulfonil)piridin-3-il}fenil} etil)-L-leucinamida;

N'-(1 -cianociclopropil)-4-ﬂuoro-Nz-((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-[(1 S)-2,2,2-trifluoro-1-(4'-fluoro-1,1'-
bifenil-4-il)etil]-L-leucinamida;

N'-(1 -cianociclopropil)-4-ﬂuoro-Nz- {(1S)-2,2,2-trifluoro-1-[3"-metil-4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;

N'-(1 -cianociclopropil)-4—ﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[4-(6-metilpiridin-
3-il)fenil]etil}-L-leucinamida;

N-(1 -cianociclopropil)-4-ﬂuoro-Nz- {(1S)-2,2,2-trifluoro-1-[4'-(metiltio)-1,1'-
bifenil-4-iljetil}-L-leucinamida;

N-(1 -cianociclopropil)-4-ﬂuoro—N2- {(18)-2,2,2-trifluoro-1-[4'-(1-hidroxi-1-
metiletil)-1,1"-bifenil-4-il]etil}-L-leucinamida;

N'-(1 -cianociclopropil)-4;ﬂuoro-Nz- {(1S)-2,2,2-trifluoro-1-[4-(2-
metilquinolin-7-il)fenil]etil}-L-leucinamida,;

N2-[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil] -N'-(cianometil)-4,4-difluoro-L-
norvalinamida;

N'-(1 _cianociclopropil)-4-fluoro-N-((1S)-2,2,2-trifluoro-1-{4'-[(1S)-1-
hidroxietil]-1,1'-bifenil-4-il} etil)-L-leucinamida;

N-(1 -cianociclopropil)—4-ﬂuoro-N2-((1 S)-2,2,2-trifluoro-1-{4"-[(1R)-1-
hidroxietil]-1,1'-bifenil-4-il} etil)-L-leucinamida;

N'-(1-cianociclopropil)-N?- {(1S)-2,2,2-trifluoro-1-[4'-(trifluoroacetil)-1,1'-
bifenil-4-il]etil}-L-leucinamida;

N'-(1 -cianociclopropil)-Nz- {(1S)-2,2,2-trifluoro-1-[5-(2-naftil)piridin-2-
il]etil}-L-leucinamida;

N'-(cianometil)-4,4-difluoro-N>- {(18)-2,2,2-trifluoro-1-[4'-(metiltio)-1,1'-
bifenil-4-il]etil}-L-norvalinamida;

N'-(cianometil)-4,4-difluoro-N?-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1"-
bifenil-4-il]etil}-L-norvalinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-[4-(5-metil-1,3-
tiazol-2-il)fenil]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N*-{(1S)-1-[4-(1,1-dioxido-3-0x0-2,3-dihidro-1,2-
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benzisotiazol-5-il)fenil]-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida,;

N2-[(4-bromofenil) (fenil)metil] -N'-(1-cianociclopropil)-L-leucinamida;

N'-(1 -cianociclopropil)-4-ﬂuoro-Nz-[(1 S)-2,2,2-trifluoro-1-(4"-metil-1,1'-
bifenil-4-il)etil]-L-leucinamida;

N%-[(18)-1-(1,1 '-bifenil-4-il)—2,2,2-triﬂuoroeti1]-Nl -(1-cianociclopropil)-4-
fluoro-L-leucinamida;

N2-{(1S)-1-[4-(5-cloropiridin-2-il)fenil]-2,2,2-trifluoroetil } N'-(1-
cianociclopropil)-4-fluoro-L-leucinamida;

N'-( -cianociclopropil)-4—ﬂuoro-NZ-[(l S)-2,2,2-trifluoro-1-(4-piridin-4-
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-[(1S)-1 -(4-bromofenil)-2,2-diﬂuoroetil]-N1 -(1-cianociclopropil)-L-
leucinamida,;

N'-(1-cianociclopropil)-N2-{(18)-2,2-difluoro-1-[4'-(metiltio)-1,1'-bifenil-4-
ilJetil}-L-leucinamida;

N-a -cianociclopropil)—4-ﬂuoro-Nz-[(1 S)-2,2,2-trifluoro-1-(4-pirimidin-5-
ilfenil)etil]-L-leucinamida;

N2-[(1S)-1-(4"-acetil-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N'-(1-
cianociclopropil)-4-fluoro-L-leucinamida;

N'-(1 —cianociclopropil)-4-fluoro-N>- {(1S)-2,2,2-trifluoro-1-{3'-(1-hidroxietil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;

N2-[(18)-1-(4"-acetil-1,1"-bifenil-4-il)-2,2-difluoroetil]-N'-(1-cianociclopropil)-
L-leucinamida;

N'-(1-cianociclopropil)-N2- {(18)-1-[4-(3,5-dimetilisoxazol-4-il)fenil]-2,2,2-
trifluoroetil } -4-fluoro-L-leucinamida;

N!-[(1S)-1-ciano-3-(metilsulfonil)propil]-N*- {(1S)-2,2,2-trifluoro-1-[4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;

N'-(1 -cianociclopropil)-4-fluoro-N>-[(18)-2,2,2-trifluoro-1-(4-quinolin-6-
ilfenil)etil]-L-leucinamida;

N'-(1 -cianociclopropil)-4-fluoro-N-{(1S)-2,2,2-trifluoro-1-[4'-(metilsulfinil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N2-{(18)-2,2,2-trifluoro-1-[4'-(1-hidroxietil)-1,1"-
bifenil-4-il]etil}-L-leucinamida; -

NZ-[(1S)-1-(4"-acetil-1,1"-bifenil-4-il)-2,2,2-trifluoroetil]-N'-(1-
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cianociclopropil)-L-leuciﬁamida;

N'-(1-cianociclopropil)-N2-[(1S)-2,2,2-trifluoro- 1-(4-quinolin-6-ilfenil)etil]-L-
leucinamida;

NZ-[(1S)-1-(4-bromofenil)-2,2,2-trifluoroetil]-N'-(1-cianociclopropil)-4,4-
difluoro-L-norvalinamida;

N'-(1-cianociclopropil)-4,4-difluoro-N2-{(1S)-2,2,2-trifluoro-1-[4'-(metiltio)-
1,1'-bifenil-4-il]etil}-L-norvalinamida;

N'-(1 -cianociclopropil)-4,4-difluoro-N2-{(1S)-2,2,2-trifluoro-1-[4"-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-norvalinamida;

N'-(1 -cianociclopropil)-4-fluoro-Nz-(( 1S)-2,2,2-trifluoro-1-{4-[5-metil-6-
(metilsulfonil)piridin-3-il]fenil} etil)-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N-((1S)-2,2,2-trifluoro-1- {4-[6-(1-hidroxi-1-
metiletil)-5-metilpiridin-3-il]fenil} etil)-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N>-[(1S)-2,2,2-trifluoro-1-(4'-fluoro-1,1'-
bifenil-4-il)etil]-L-leucinamida;

N! -(1-cianociclopropil)-4-ﬂuoro—Nz- {(1S)-2,2,2-trifluoro-1-[3'-metil-4'-
(metilsulfonil)-1,1'-bifenil-4-il]etil}-L-leucinamida;

N'-(1 -cianociclopropil)-4-ﬂuoro-Nz- {(1S)-2,2,2-trifluoro-1-[4-(6-metilpiridin-
3-il)fenil]etil}-L-leucinamida;

Nl-(l-cianociclopropil)-4-ﬂuoro-N2- {(18)-2,2,2-trifluoro-1-[4'-(metiltio)-1,1'-
bifenil-4-il]etil}-L-leucinamida;

N'-(1 -cianociclopropil)-4-fluoro-N>- {(18)-2,2,2-trifluoro-1-[4'-(1-hidroxi-1-
metiletil)-1,1"-bifenil-4-il]etil}-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(18)-2,2,2-trifluoro-1-[4-(2-
metilquinolin-7-il)fenil]etil}-L-leucinamida;

N-[(18)-1 -(4-bromofenil)—2,2,2-triﬂuoroetil]-N1 -(cianometil)-4,4-difluoro-L-
norvalinamida;

N'-(1-cianociclopropil)-4-fluoro-N2-((1S)-2,2,2-trifluoro-1- {4'-[(1S)-1-
hidroxietil]-1,1'-bifenil-4-il } etil)-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N2-((1S)-2,2,2-trifluoro-1- {4'-[(1R)-1-
hidroxietil]-1,1'-bifenil-4-il} etil)-L-leucinamida;

N'-(1-cianociclopropil)-N*-{(18)-2,2,2-trifluoro-1-[4'-(trifluoroacetil)-1,1'-
bifenil-4-il]etil} -L-leucinamida;

N'-(1-cianociclopropil)-N?-{(1S)-2,2,2-trifluoro-1-[5-(2-naftil)piridin-2-
il]etil}-L-leucinamida;
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N' -(cianometil)-4,4-diﬂuoro-Nz- {(1S)-2,2,2-trifluoro-1-[4'-(metiltio)-1,1'-
bifenil-4-il]etil}-L-norvalinamida;

N'-(cianometil)-4,4-difluoro-N*- {(1S)-2,2,2-trifluoro-1-[4'-(metilsulfonil)-1,1"-
bifenil-4-il]etil}-L-norvalinamida;

N'-(1-cianociclopropil)-4-fluoro-N2- {(18)-2,2,2-trifluoro-1-[4-(5-metil-1,3-
tiazol-2-il)fenil]etil}-L-leucinamida;

N'-(1-cianociclopropil)-N?- {(1S)-1-[4-(1,1-dioxido-3-0x0-2,3-dihidro-1,2-
benzisotiazol-5-il)fenil]-2,2,2-trifluoroetil } -4-fluoro-L-leucinamida;

NZ-[(4-bromofenil) (fenil)metil]-N'-(1-cianociclopropil)-L-leucinamida;

N'-(1 -cianociclopropil)-4-ﬂuoro-N2-[( 15)-2,2,2-trifluoro-1-(4"-metil-1,1'-
bifenil-4-il)etil]-L-leucinamida;

N2-[(18)-1-(1,1'-bifenil-4-i1)-2,2,2-trifluoroetil] -N'-(1-cianociclopropil)-4-
fluoro-L-leucinamida;

N2-{(18)-1-[4-(5-cloropiridin-2-il)fenil]-2,2,2-trifluoroetil } N'-(1-
cianociclopropil)-4-fluoro-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N>-[(1S)-2,2,2-trifluoro-1-(4-piridin-4-
ilfenil)etil]-L-leucinamida;

N'-(1-cianociclopropil)-4-fluoro-N-((18)-2,2,2-trifluoro-1- {4"-
[(metilsulfonil)amino]-1,1'-bifenil-4-il} etil)-L-leucinamida;

NZ-[(1S)-1-(4-bromofenil)-2,2-difluoroetil]-N'-(1-cianociclopropil)-L-
leucinamida;

N'-(1 -cianociclopropil)—Nz- {(18)-2,2-difluoro-1-[4'-(metiltio)-1,1"-bifenil-4-
il]etil}-L-leucinamida;

N'-(1 -cianociclopropil)—4—ﬂuoro-Nz-[(1 S)-2,2,2-trifluoro-1-(4-pirimidin-5-
ilfenil)etil]-L-leucinamida;

N2-[(IS)-1-(4'-acetil-1,1'-bifenil-4-i1)-2,2,2-triﬂuoroetil]-Nl—(1-
cianociclopropil)-4-fluoro-L-leucinamida;

N'-(1 -cianociclopropil)-4-ﬂuoro-N2- {(1S)-2,2,2-trifluoro-1-[3'-(1-hidroxietil)-
1,1'-bifenil-4-il]etil}-L-leucinamida;

NZ-[(1S)-1-(4"-acetil-1,1'-bifenil-4-i1)-2,2-difluoroetil]-N'-(1-cianociclopropil)-
L-leucinamida;

N'-(1-cianociclopropil)-N*- {(1S)-1-[4-(3,5-dimetilisoxazol-4-il)fenil]-2,2,2-
trifluoroetil}-4-fluoro-L-leucinamida;

y las sales, estereoisdmeros y derivados de N-6xido farmacéuticamente
aceptables de los mismos.
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10.  N'-(1-cianociclopropil)-4-fluoro-N2-{(18)-2,2,2-trifluoro-1-[4’-
(metilsulfonil)-1,1’-bifenil-4-iljetil}-L-leucinamida o wuwna sal farmacéuticamente

aceptable de la misma.

11.  N'-(1-cianociclopropil)-4-fluoro-N*-{(15)-2,2,2-trifluoro-1-[4’-
(metilsulfinil)-1,1°-bifenil-4-il]etil}-L-leucinamida o una sal farmacéuticamente

aceptable de la misma.

12. N'(cianometil)-N*{(15)-2,2,2-trifluoro-1-[4’-(metilsulfonil)-1,1’-bifenil-

4-il]etil}-L-leucinamida o una sal farmacéuticamente aceptable de la misma.

13.  N?{(18)-1-[4’-(aminosulfonil)-1,1’-bifenil-4-il]-2,2,2-trifluoroetil } -

N'(cianometil)-L-leucinamida o una sal farmacéuticamente aceptable de la misma.

14. Una composiciéon farmacéutica que comprende un compuesto de
acuerdo con la reivindicacion 1, en una cantidad terapéutica eficaz, y un vehiculo

farmacéuticamente aceptable.

15. Una composicion farmacéutica que comprende un compuesto de la
Reivindicaciéon 1 y otro agente seleccionado entre: alendronato, cimadronato,
clodronato, etidronato, ibandronato, incadronato, minodronato, neridronato,
olpadronato, pamidronato, piridronato, risedronato, tiludronato, zolendronato;
estrogeno, progestrogeno, estradiol, droloxifeno, raloxifeno, lasofoxifeno, TSE-424,
tamoxifeno, idoxifeno, LY353381, LY117081, toremifeno, fulvestrant, 4-[7-(2,2-
dimetil-l-oxopropoxi-4-metil-2-[4-[2-(1-piperidinil)etoxi]fenil}-2H-1-benzopiran-3-
il]-fenil-2,2-dimetilpropanoato, 4,4'-dihidroxibenzofenona-2,4-dinitrofenil-
hidrazona, SH646; finasterida y otros inhibidores de Sa-reductasa, nilutamida,
flutamida, bicalutamida, liarozol, acetato de abiraterona; lovastatina, simvastatina,
pravastatina, fluvastatina, atorvastatina, cerivastatina; hormona paratiroide (PTH); y

las sales y mezclas farmacéuticamente 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
NH," 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

'Corresponding author. Tel.: +1 514 428 3073; fax: +1 514 428
4939; e-mail: blackc@merck.com

0960-894X/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2005.07.071

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 coworkers? 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
dow NH basicity, a CH(CF;)—NH—CH backbone
angle close to 120°, [and] a C—CF; bond substantially
isopolar with the C=0’. 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.® 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 Gly66
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Figure 1. Structures of peptidomimetic cathepsin K inhibitors.

with the NH, while the carbonyl projects into solution.®
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.” 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
Gly66.8 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-triflu-
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.® 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 (R¢=0.40, 40% EtOAc/1% 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 diastercomers
(Table 1).

Previous work in other series had shown that a phenyl-
piperazine provides optimal binding in $3.7 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 ICsq of <5 pM, the most po-
tent compound ever obtained in this program. Only an
upper bound for this ICsq could be determined due to
limitations of the assay.!? Diastereomer 9 was 1000-fold
less potent in this assay with poor selectivity over Cat L.

b )
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Scheme 1. Reagents and conditions: (a) trifluoroacetaldehyde ethyl
hemiacetal, benzene, Dean-Stark, 18 h; (b) THF, 0 °C, 1 h; (c) HslO4
(3 equiv), CrO,;, CH;CN, 2h; (d) PyBOP, aminoacetonitrile - HCI,
Et;N, DMF, 14 h; (¢) BocPipPhB(OH),, PdCl,dppf, Na,CO3, DMF,
90 °C, 6 h; (f) MsOH, THF, 14 h; (g) HPLC separation.

Table 1. Potency of inhibitors in purified enzyme assays

Compound ICsp (nM)?
Cat K" Cat B® Cat L Cat ¢
2 11 3950 3725 2010
3 1.0 123 352 102
6 13 3353 34 121
7 13 2477 84 145
8 <0.005¢ 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

2| Cs0s are an average of at least two independent titrations. See Ref 15
for assay conditions.

®Humanized rabbit enzyme.

°Human enzyme.

41 ow 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).13

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-006235/CRA-013783).5
When this P2 group was used to replace leucine in the
trifluorocthylamine compounds, the resulting com-
pound 13 (Fig. 3) was found to be 1000-fold less active

Y4



Ste

W. C. Black et al. | Bivorg. Med. Chem. Lett. 15 (2005) 47414744 4743

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.

P3 Pz P1
—N N—(/ j/©1):a_ 006235/CRA-013783)
° RZQ(

13 R!= CF3 R2
1R =

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 CF; 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 CF; group replaces
the amide carbonyl.

The role of the CF; 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

H
O)\N N._CN
H
Br 0
Compound 1Csp (nM)
R Cat K RP pK.°

6 CF; 0.9 0.40 1.3
15 H 802 0.05 6.7
16 CH,; 988 0.03 6.7
17 CF,CF, 24 0.42 1.8
18 4-MeSO,Ph 2.5 0.38 4.6
19 CN 30 0.67 0.7

2 Humanized rabbit enzyme.
®TLC on SiO, plates with 40% EtOAc/1% HOAc/hexanes.
¢Calculated using ACD/pK,.

captured by the pK, of the amine, as calculated by
ACD/pK,.'* 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 CF; 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 munlcs the
hydrogen bond of the amide, but due to the sp> 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 sp? atoms of the amide impose
a suboptimal conformational restraint on the aromatic
ring and the hydrogen bond. In contrast, the CF; group
attached to an sp> carbon orients itself perpendicular to
the aromatic ring and stabilizes the aromatic ring in its
bioactive conformation. The sp> 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 CF; 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 P1-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 PI-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 fed 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.] 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 trifiuoroethyl-
amine derivatives provided enhanced potency for
cathepsin K and increased selectivity over other
cathepsins. Compound 1 was identified as a 5pM
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.>* 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: chunsing_li@
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when compound 1 was tested in the whole cell enzyme
occupancy assays,® we observed much greater potency
against cathepsins B, L, and S than was observed in
the corresponding enzyme assays (Table 1).” Similar
potency increases in the functional cathepsin K bone
resorption assay®? 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 1

1Csp (nM)

Enzyme occupancy assays Functional Cat K
HepG2 HepG2 Ramos Rabbit bone res
Cat B Cat L Cat S
82 16* 7 122

Enzyme assays
Cat B Cat L Cat S Rabbit Cat K
1111 47 451 0.01°

2 This value likely represents the lower limit of the assay.
b|Cs, was determined at a concentration of 10 pM enzyme.

Our initial synthesis of the trifluoroethylamine moiety
was not diastereoselective.? Subsequently an efficient
diastereoselective method was developed (Scheme 1).
Commercially available (S)-leucino] was converted to
imine 2 and then reacted with alkyl, aryl, or heteroaryl
lithium reagents in a diastereoselective manner.'?
Deprotection of the silyl group gave the desired (S,S)-
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.!? The diastereomeric puri-

ab c,d
——— —é
. oH FCAN OTBDMS

2
CFs
CFs e, f H
N__C
A /(‘;)H — AN ~N
R™ °N H
H
3 4

Scheme 1. Reagents and conditions: (a) ters-Butyldimethylsilyl chlo-
ride, EtsN, cat. DMAP, CH,Cl,, room temperature, 2 h; (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; (¢) Hs10¢/
CrO3, Na,HPO,4, CH;CN, 0 °C, 1 h; (f) aminoacetonitrile hydrochlo-
ride, HATU, Et;N, DMF, room temperature, 2 h, 10-55% for two
steps.

Table 2. In vitro activity of simple P3 analogs

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 aminoacetonitrile then afforded 4.!3

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 5 and boronate 6 serve as conve-
nient intermediates for Suzuki coupling reactions to
provide biaryl inhibitors as represented by compound
7. Bromide 5§ 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),

% N._CN
R N )
Compound R 1Cs¢® (nM)
Cat K® Cat B Cat L Cat S Bone res®

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 54 111

2Csqs are an average of at least two independent titrations.
® Humanized rabbit enzyme (Ref. 3), see Ref. 6 for assay conditions.

¢Rabbit bone resorption assay—functional assay, seec Ref. 8 for assay conditions.
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Scheme 2. Reagents and conditions: (g) ArB(OH),, PdClx(dppf), aq
Na,CO;, DMF, 80°C; (h) bis(pinacolato)diboron, PdClxdppf),
KOAGg; (i) Ar-(Br or 1), PdCly(dppf), aq Na,COs;, DMF, 80 °C,

and electron-withdrawing (20, 22, 23 and 24) substitu-
ents provided compounds with similar potency against
the Cat K enzyme (ICsp 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 ICsg of 1.1 nM and the 3,5-difluoro analog 17 is less
potent with an ICso of 6 nM against Cat K. Insertion of

Table 3. In vitro activity of representative P3 analogs

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
pharmacokinetic study showed that 22 had superior

CF3 "
@/LN N._CN
H
. o
Compound R ICs® (nM)
Cat K® Cat B Cat L Cat S Bone res®

1 4-Piperazin-1-yl 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-Methoxypheny] 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°
2 4-(Methylsulfonyl)pheny! 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 23 >10,000 77 220 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-yl 0.3 4818 878 240 52
30 3-Methyl-1,2,4-oxadiazol-5-yl 2.6 4073 314 436 18°
31 Pyrimidin-2-yl 44 5903 1857 1698 93°
32 - 4-(1H-Indol-4-yl) 0.4 4699 3047 607 80°
33 4’-(Methylsulfony)biphenyl-4-yl 1.2 1873 2422 653 5°
K’ 4-Pyridin-4-yl-phenyl <0.2 483 342 188 14%*

2]Css 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.
41Cgowas determined at a concentration of 10 pM enzyme.

®This value likely represents the lower limit of the assay.

f1.-873724.

“n=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,'* 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, uNTx/Cr 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.!’

An X-ray crystallographic structure of compound 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 structure? of trifluoroamine analog into

Table 4. Pharmacokinetics of 22 (1% methocel as dosing vehicle)

Species po dose % F  Cupax ti Va
(mg/kg) uM) ()  (Lkpg)
Rat 10 40 44 3 1.4
Dog 10 65 18 6 0.8
Rhesus monkey 5 24 0.7 2 0.5

Table 5. Functional, whole cell, and enzyme activity of compound 22

ICsp (nM)
Enzyme occupancy assays Functional Cat K
HepG2 Cat B HepG2 CatL Ramos Cat S Rabbit bone res

4807 1221 95 13°

Enzyme assays
Cat B Cat L Cat S Rabbit Cat K
5239 264 178 0.8°

®This value likely represents the lower limit of the assay.
b |Cso 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 CF; group can clearly be seen directed
out of the active site, toward water. The hydrogen bond
between the NH adjacent to the CF; group and the
Gly66 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 CF; group is coplanar with the glycine shelf
(Gly66-Gly65) creating a significant hydrophobic inter-
action. Due to the sp? 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 sp? 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 Gly66 (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
IMEM), 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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Introduction

The ¢ysteine cathepsins zte lysosomal proteases belonging to
the C4 C1 papain famify, of which eleven have been ‘dentified
in the human genome (8, €, & H, K L, O, § U, W, X @)F¥
Singe ey are gerwrally of lysesomal, or other acdic compart-
men: localization, maost have optimal activities at acidic pH
and marny ai¢ rapidly inactivazed under neutral or alkaling con-
ditions, The cathepsin family also includes two aspartyl and
1wo serine protwasas, wiiel again are mainly lysosomal.

“igtorically, cysteine cathepsing have been regarded as
being broacly distributed and responsible for general lysoso-
mal protein catabolisim and few specific roles bad been identi-
fied, Mors recently, however, preferential tissue distributions
and spesif.c substrates and both physiological ant pathophy-
siclogical roles have been icentified far zaverat of these en-
svmes and & number have puaen proposed 33 therzpeutic tar-
gets'ﬁ,&ff:

Cathersin ¥ has garnerad particuiar attention sinee it is
highly and somewhat selectively exprassed in osteoclastse=the
miant wultinucleated cells responsible for bone resorption.™
Tho matrix of bone is comprisad of appraximately 60% calci-
um hydroxyapatite and 409% jrotein, the majority of tha fatter
being type | collagen. Osteoclasts resard bone by forming a
tight junction with the bone surfade and seaeting protons
and proeases into the resarption lacuna formmed beneath the
celi to dizseive the mineral and w0 degrade protein fractions.
There is consideraple evidence that cathepsin K is the major
coltagenolytic snryme responsible for this process. Cathepzin K
ie the only prot2ace, apart frorm matrix metailoproteinases and
neunophil elastase, that is abla to cleave the stabie triple-heli-

cal region of type | collagen™ Furthermore, both the mouse
cathepsin K knockout and human pyenedysosotosis patients,
for which a number of ¢athepsin K null mustations have been
identified, have osteopetrotic phenotypes, or increased bone
masstH Osteoporesis is generally a disease of the elderly
that is characterized by reauced bone mass and an in¢reased
risk of bone fracture, which results from an imbalance of bone
tesarption and formation, Although there are a number of
treatments available, a nead for nove! therapies with increased
effizacy still gxists. The above-described geretic data, as well
2s other avidence from pharmacological inhibitors, suggest
that eathepsin K represents a promising novel target for the
treatment of sstroporosis.!™

Inhibitor Design

The dasign of inhibitors of cysteine proteates is heavily depen-
dent on having an electrophific centre that can serve as a thiol
trap for the activesite cysteine. In the field of cathepsin inhibi-
tors, the vast majority of researcn efforts have utilized s rsac-
tive electrophile, although recently, noncovalent series of ca-
thepsin K and cathepsin 5 inhibitols have been deseribed e

[a] Or w. &, Elack D M. D Pastival
Dspantmepts of Medicinal Chernistry and Bisthemisiry
Melecular Biotagy and Bharmacelogy
Merek Frogsy Cantre for Theraprutic Reszarch
RO, Zov 1008, Ponte-Cigire-Darval, Quibes, HOR 2PL {Qenada;
Eax: {4 1) 518-426-8800
E-mali: bisckelmerek.2arn
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Ceriain types of electrophilet, such as epoxides, vinyl-suifones,
fluoraimethyl ketones, and diazomethylketones, lead to irever-
gible covalent mgoification of the protease. Such inhibitors
could pose significant safety congerns as drug candidates, but
make exceflent tools for idantifying andg understanding the
rales of cysteine proteases, Other classes of electrophiies such
as aldehydes, nitriles, and ketones without adjacent lesving
groups trap the nucleophilic cystaine in a covalent but reversi-
biz fashion. Ketones have boen perhaps the most thoroughly
studied. A wida variety of structures are possible by varying
the nanure of the subgiituent on the amino side (“prime side”)

of the ketone. This provides the ability to modulate the elec
*fophuvc«ty of the carbonyl group. Additionally, it is possille w
take advantage of additional binding interactions in the SV’
pociat of the enzyme agtive site, These advantages are often
zountered by the poor pharmacokinetic properties agsociated
with the farge size of the resulting inhibitors and the configu-
vational lzbility of stereccentires adjacent o the ketone moigty.

Nitrile-containing maoleculss have besn kaown 1o inhidit cys-
teing preteases since the jate 1960s when benzamideacetonis
tsile was shown to be 2 400 . inhibitor of papsin® Addition
of the active-site cysteine tn the nitrile ieads to the formation
of a thivimidate in which the nitrogen it protonated by the
activersite histiding residye

Sirnple benzo- or alkyinitriles make rather poer electrophiles,
but this alectropkilicity can ba modified significantly by the in-
rrouction of elecuron-withdrawing grouns. Cyanarides are
particulesly reactive, and even small molecuies containing this
electrophile, sueh as 1 (Schame 1), show significant activity in
purified sathepsin assays. ') NMR expariments on 1 in the
presence of papain, have shown the formation of 3 reversitle
jscthiourea adduct with the active-site cysteine* However,
ihiz reattivity lsads 1o unacespe-
able ievals of ireversibde: cova-
lert binding {552 pmolegquiv per L
mg after 1 h of incubation with "
numan liver microsemss) even
m thz absence of NADPH, fra-
versidle covaleat binding nas
een curreiated to haptenization
resulting in an immunalagical re-

Chi l ﬁ G
b’,\; St

q PrN o

haad. Additionally, compound 2 was found t2 have high levels
of irreversibile protein labelling (1665 prmolequivmg™' after t h
of incubation with human liver microsomes=-5. Day, unpube
lished results). The a-amidoacetonitrile group appears to have
an opticnal level of electrophilicity: fittle reactivity is observed
with sulfur nucleophiles such as glutathione, yet potent inhibi-
tion of cathepsins can still be achieved.

&R obiective measure of nitrile electrophificity can be ob-
tained by incubating compounds with cysteing B mm In
pH 7.4 phosphate buffer at 37°C for 20 min). The resulting
thiazoline products (Scheme 2) ean be quantified by LC-MS-
MS analysis in comparison to synmetlc standards to provide 2
" Thaasiire of chémnical redctivity. In this Bdsay, eyanamide 1 and’
cyanopyrimidine 2 show 71% and 79% conversion to the cys-
teine adduci, respectively, In contrast, the a-amidoacetonitrile
derivatives 4 and 6 (Scheme 3} give only 9% and 4% conver-
sich 10 the cysteine adduet reactivity, respectively (R, Oballa,

@ T_JN

. o o b o

MeO..~, ])L
CN k‘,]\,]\; N’j’/ wh,

HNNCN

2 IBu

Schame 1. Cathapsin mhibitor: with reactive nitiile electrophiles.

i PR 7.4 o:-.-LOH
A=t + Pu-\/‘xf __promphaty buter N {
——— -
OH 37°C 30 min Ry
Seheme 2, Corversion of nitrile to thlazoling ta asseis slectrophilicity.

Q {OF
f -.,-VN oy ﬁ’- | Mo -CN
/\.N. . o

4 (balicatib, AAESEY)

| "t
sponze, such that Meeck has set *j/k‘ *"{ N»‘;N T-%)\N,- NN
& threshold of 50 pol 2quiv per '~,~’ ™ ‘(Nw’* el R Ly Hoo
m@ oretein for developrant " 4 g oeess M 7

cangidates ¥ With  covatent

ninding eleven timas abave this ENT™ ’ ) of F
. ) N LJa &or

thrgshold, cyanamides  wowid w«N-\I =, L N«.)‘~F
probably make poor drug candi- L,.; SN ,Lrnvm N""‘"\ Nﬁ/(.;f L)
detes. Similarky, the electrophilic- ¢ Lo 6 \_H,NH.;S N . . q
sy of a benzonitriie is dramaticel A}
ly ncreased oy incorporating ni- " L.. $

sgen atoms intp ¢ : o & -
trogen atoms inty the areatic . J ) f R e
fing 10 provide cyanepyrisines 1 '\!g o ( ‘j/L,N‘ ™y T
er cyanopyrimidines (eqg. 209 ﬁ]" NTY Sy Q I

bt 4 11 “ ke 23T7 .. \"’: o ? s
in s swructural cleas, cathap 10 " BIL-DMK

an X poiengy tracks with the
glectrophilicity of the nirile war-

Scheme 3. Structuees of cathepsin inhibitors.
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unpublished results), The fow level of cysteine adduct forma-
tien in 6 currelated well witl the observad covalent binding of
16 pmolegquiving ™ h™ ' in bunan liver microsomes.

The reversibility of the inhibition of csthepsin K and other
cysteine cathepsing by -arm:doacetonitrile inhibiors can often
be demonstatad by dijution of & preformed enzyme=inhibitor
complex into suistrate-containing buffer and following the res
covery of enzyme activity (Figure 105" Such experiments re-

ifs
x

-t
>

~ P
| s ) rd
qj /.f . ,‘w'
"5 4x10 -j‘ / o /
g i Contrel & e
' - *
& Ix10's A &
& 3 . A
i s +
& ey,m‘J. 4 %
g b / /
] ] .
- uw'% / -~
1L e
o"‘é’fv‘ ooy v " =Y oty e e r —t
] 20 100 160 209 250
t's

Figure 1. Sregress curve showing t-e reversibility of cathepsin I inhibition
by 6. Human sathegsin K (5 am) wes incubatad with S aw & f2r 30 min prior
10 2 190<%ald gilution intc substrate (? pm Z-leu-Arg-AMC)-comtaining

BH 5.5 buifer. The data wers fitted to an equation dasstibing & firgt-crder ree
eovery of activity, The controt reprosents cathepsin £ pretrested with vehicle
DM priar fo digtion™ (e, Fal; veyret, unpublished remilts),

guire that the resuiting enzyme concentration is below the
inhibvitar K, or jittle recovery of activity will be observed. Al-
though the inhibition of cathepsin K by o-arnidoacetonitrile
innibitors is reversible, the predicted thicimidate covalent com-
plex 2an be trapped by ramd denaturatizn with orgsnic sol-
vent Figuee 2),

The optimization of g-arridoacetonitrile-containing cathe-
wsin ¥ ‘nhibitors has been largety carrded out by using a dipep-
tide template, as illustrated by compound 3 (Scheme 3).- The
facile synthesis of peptide asaloguas has sllowed the strue-
ture=activity relationship (SAR) of the active site to be opti-
mized in rapid vashion, This approach has been guided by the
availzbility of high=resolution cryszal structures of inhibitors co-
valenty bound to cathepsin < These structures show 2 rela-
tivaly small, lipophiiic 52 pocket and = large, shallow 53 subsite
featuring an exposed 2spartic acid residua®™ Peptide inhibitors
farra pydrogen bonds from Loth the carbonyl and NH of the
F1 amide, and ah important hydrogen bond from the NH of
the P2 arnida, An aming acio
scan of P2 showed that feucire
was preferced in this  posi-

N T T O RN R AR R o

P AN RER S e w e e Lo, L

MINIRE
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237_’50 ] 4 305
& 24325
- 23500 ﬁ»\-»
. 3 - I A - .

23600 23500 24000 24200 23600 23800 24000 24300 24400

Mass ! Da Mass / Da

Figure 2. LC-MS (QTOR) specteum of o tropped cathepsin K-a-amidoacetoni-
trile intwbitor thiolmidate compley, Aj The spectrum of native cathepsin K.
B) The spectrum of a 1:1 malsr musture (2 v} of cathepsin K and a-amido-
acetonitrlla inhikiter (melecular mass §07.8) incubated in pH 5.5 aseay buffer
for 60 min and then rapidly denstured by the addition of 1 volume acetoni-
trile. The mass difference between the two mass envelopes of panal 8

(505 Ua) corresponds to the expected mass increxse resulting from the fors
mation of a eathepgin K-thisimidate complex (505.6 D3)** Ta demene
stiate the reversibility of the wamidnacetonitrile inhibiter under these
ouffar conditiens, the eathepsin Kwinhikitor complex was alse trestad with
100 v E64 for 24 b, prier 2o denaturation and analysls by LC-MS (QTOF,
Micromnass). The resulting protein mass was consistent with the guantitative
formatlon of the £54 sddost (=P, Falgueyret and T. LeRiche, unpublished
results).

The SAR of P2 showed a marked preference for an aromatic
group attached to the amide carbonyl X-ray arystallography
shows this ring sitting above the -face of a Gly-Gly sequence
{"glycine shalf’). Substituting this aromatie ring with a basic
group provide:s sn increase in both potency and selectivity,
This effect, which has been attributed to a positive ionic inter-
actior with the P3 aspartic acid residue (Asp61), is not avail
able in off-target cathepsing. A wide verlaty of linkers between
the aromatic ring and the basic nitrogen are tolerated. A piper.
azine diractly attached to the phenyl grovp gives 4 (AAESSY,
balfieatib), a 1.4 nm human cathepsin K inhibitor being devel
opud by Novartis®? The addition of an intervening thiazole
between the phenyl ring and the piperazine gives &, {(CRAs
013783, L-005235), a 0.2 nm inhibitor of humen cathepsin KB
A direct comparison of 4 and 6 to their nonbasic morpholine
analegues 5 and 7 illustrates the value of the basic P3 substitu.
ent (Table 1). The piperazines provide @ 25fold increase in
cathepsin K potency relativa to the corresponding morphoiinas

tion*? A 1,1-cyclohexyl ting in e
ihis pesivon provides  sitmilar far phar
potency and has the advantag- Cmpd CatK Car s Yy (Lkg™']
s of increased sgledtivity aver 4 1.4 20000 47 29
cther cathepsing and reduced s 43 51430 1.9 08
nycralysis of the P1 amide 4 3z >10000 " 49

. ? S > 10000 2 3
bond. o5 100 28 03

i aT, 5 7 &
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with little effact on the dlos=ly related cystaine cathepsing B, L,
or §. The pharmacckinetic pararneters of the basic and nonba-
5w analogues differ as well. The piperazines 4 and 6 have large
volumes of distributien with terminal half-lives that are mark-
edly longer than those of the merpholines. Since several CYPs,
including CYP3A, are known to preferentiaily recognize hydro-
phebic subserates, it s possible that the charged piperazine
protests the inhibitor from CYP-medisted metabolism relative
to the morphaline, leading ta a longer half-life.

Activity-Based Probes to Measure Cysteme
. Cathepsin Activity

Activity-based probes (ABPs) are elatrophile-containing inhibi-
tors that irreversibly inactivate their target enzymes by reaction
with an active-site residue that is eritical for enzyme activigy™
In general, ABPs contain thres distinet ragieties; the slectro-
philic “warhead", a linker regian thay may increase the afiinity
for the target gnzyme and pravide the desired target specifici-
ty and 2 tag that is used to identify the fabelled proteirn. This
tag may, for example, be a mdisnuciide, stable isotope, Liotin
or a fluorescert dyal®™ An advantage of this technigue is
that the activity of individual proteases ¢an be estimated in
intact cells and tissues, without the requirement for spacific
substrates Tur each enzyme of interest, Most recently
guenched ABPs have been developed that become fluorescant
upon activity-dependent covalent medification of the target
proteage Y

Several ABP: hava heen desuibed for cysteine cathepsins,
The epoxysuccingl and diazomethyiketone (DMK} warhead-
containing ABPs generally show selectivity for cysteine pro-
teases over other protease famiies. ™% wa have focused on
DMK-containing ABPs, in panicular “4-BIL-DMK (Schame 3) to
follow eysteine cathepsin activity in ceils and to identify cell-
based azsays capable of getermining the octencies of competi-
tive, teversible inhibitors against the ABP rarget cathepsing,
The basis of these cell-based assays, which are termed
enzyrne-occupangy assays, is the intraceflular compatition for
e target enzyrne active site between the reversible inhibitor
and the irreversible ABR. To juantitate ABP labelling, the la-
belled proteins are separated by 10 or 20 oel electrophoresis

and subjected tc autoradiagraphy. When the assay is run
under appropriate conditions, the IC;, value for the inhibition
of ABP labelling can give useful information on the celiular
permeability of the reversible inhibitor and its affinity for the
cathepsing present in their native environment in the el

Clearly, the use of a single ABP, which is potent against the
target (cathepsin K} and off-target enzymes (cathepsin B, L, $)
would simplify the development of these assays. rather than
using a separate ABP for each enzyme. BIL-DMK is 2 relatively
petent inactivator {k./l) > 26x10°m~'87") of the endopro-
tease cathepsing B, K, L, 5, F, and V with apparent IC,, values of

fess than 100 nm under the astay conditions of Table 2.°¢

cathepsin B 62 vabbit cathepsin K 21
zathepsin L B9 ¢athepsin & 10
¢athepsin € 870 catkurptin F 10
cathepsin B §270 cathepsin V 22
cathepsin Z = 10000

[a) Bnzyme, inhikitar proincubation time was 2 min, prior o sddition of
subiszrate.

For an ABP to be practically useful, it roust be reactive to-
wards a relatively small number of targets from which it must
also be readily separable. These criteria wera met as *ZLBiL-
DMK specifically labelled only mature, active forms of catheap-
sins B, L, §, and K when incubated at a concentration of 1 nu
for 60 min with HepG2, Ramos and rabbit synoviocyte (HIGB2)
cells, respectively. Following separation on 2D gels, the radio-
active spots ware pasitively identified by a combination of pre-
dicted molaetlar mass, pl (isoelectric point), and comigration
with immunereaciive species by Western blotting (Figure 3124

Fortunately, the species labelled by 'S1-BIL-DMK were also
well separated when run an 10 SD5-PAGE. The optimal condi-
tions for the whole-cell enzyme-occupancy assay with HepGz,
Ramos and HIG82 cells require 8 60 min preincubation of ¢alls
with reversible test inhibitor to allow penetration of the cell

HepC2 cells Ramos cells HIGR2 celly
al ol pl
4.0 5.2 6.2 40 8.0 80 0 40 50 &n &8c 10

116 1 121 L A

654 %g X

54 Ley e ]
vy 350 b e 25 |
Da) 254 = 72

18 4 L ng) E i) 47 <

14 -

Figui = 3, Autoradiograpiw of 30 gel: from intagt HapG2, Ramos and HIGE2 cells treated with 1 nm {'¥1-BIL-DIVIK for 60 min, Letters refar to cathepzin identifie

cation, a¢: singit=ghain ferm, he: heavy chain, lo: light ghain,
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and astablishment of an equilibrium betwaen the inhibitor and
cach cathepsin to which it binds. Thia is faliowad by tha sddi-
tign of 1 nv PRRIL-DMK and incubation for a fusther 30 min,

during which time cathepsir {abelling eccurs, The reaction is
quenched by the addition of a large excass of cold BIL-DMK

prior to cell iysis. The isbelied species are then separated by
1D SDS-PAGE, and aach bane is quantified by autoradiography
19 giva an ICs, value ior each labelled band (Figure 4).59

Aamcs

JL-0042361

B .- Cotl (Single chatm
- Cat B {3ingle chain)
*~ Cat L (Heavy chain)

Flgura 4. Autoradiagrapis of 1D ge's from intact Ramos and HapG2 cells incubdated with
0=18 uw. 8 far 62 min, followed by 1 na I'1-BILDMK for 30 min, Cells were then treated

with 10 am cold BiLe-OMK, fysed and sepa-ated by SDS-PAGE.

For the resuits of this assay to be meaningful, it is essential
that the appropriate ABP concentration and incubation time
are cihosen, A high ABP concentration and/or long incubation
time would result in the displacement of the reversibie test
compound, causing an underestimation of inhibitor petency.
To ensure that this was not the case, experiments were par-
formned at shorer, as weli 8¢ longer incubation times with the
probe, No sigaificant differerces in innipitor 1C;, values were
cbserved unless the ARP incubation time was increased to
90 min, The intra- or extraceliviar localization of the cathepsins
fabetied by 'FBIL-DMK ir the three cell types was determined
by using pairs of cell-permeatle and nen-eell-permsable inhibi-
tors. in each czsg, the cell-permeable inhibitors (€%4d and
CAp74Me) competed with the "*IBIL-DMK labelling of cathep-
sins B, K, L, and $, whereas thair non cellspermeabile analogues
(Eo4 and CAD74) showed no affect at concenirations of up to
19 am M9

The enzyme-0ccupancy assays described above were used,
in curnbination with the functional rabbiz ostesciast bone-re-
sorption assay, to define the cellular selectivity of cathepsin K
whibiters against cathepsins B, L, and $Y9 A review of the
date obtained showed that many compounds appeared more

TR

potent in the enzyme-occupancy assays than would have been
predicted on the basis of theid puified wnzymig Gy values, In
contrast, a subset of compounds was not shifted between
these cell and enzvme assavs. A comparison af the structures
of thase inhibitors showed that those that appeared more
patent had a basic-nitrogen-containing P3 moiety. To illustrat

this point, the potencies of compounds 4~8 against cathepsins
B, L, and S in enzyme-pecupandy assays {in HepG2 and Ramos

cells) are shown in Table 2. The basic-pitrogen-con-

@iring 4, 6, and & are of the order of ten- to 80-foid
more potent in the cell-based enzyme-occupancy
assays - compared to the comesponding purified-
anzyme assays, In contrast, the cathepsin B, L, and §
potencies of the nonbasic 5 and 7 are similar in both
assays. The same effect was also dstected for ¢a-
thepsin K, as the potency of tha basic B was 17-fold
graater in the rabbit synovioeyte (HIGE2 cell}
enzyme-acoupancy assay than againet purified rabhbit
cathepsin K. Small increases in potencies were also
observed for other basic compounds such as 4 and 6
in this whole—cell anzyme-aceupancy assay over the
purified-enzyme assay. The smaller magnitude of
these chifts probably reflects the lower imit of the cell-based
assay of approximately 1nm and the fact that these com-
pound: are highly potent against cathepsin K. No systematic
shifts in potencies between tha cathepsin K enzyme and cell-
based assays were found for nenbasic compounds %

Lysesomotropism of Cathepsin inhibitors

The increased inhibitor potencies of basic compounds in the
zell-based enzyme-occupancy assays compared 1o those in pu-
tifigd-enzyme assays was atiributed to the compounds’ lysoso-
motropic properties, Lysosomotropism is the ability of weakdy
basic, lipophilic molecules to accumulate In addic campart-
ments®? The neutral species can diffuse across the cell mern-
brane, but becomes mambrane impermeable once protonated
within the acidic compartment, The degree of compound ac-
cumulation, which can reach several hundred fold, iz depen-
dent on compound hpophilicity, pK;. and the pH diference
betweer the cytosel snd the lysosome/endoserme’™ As the
target and antitarget cathepsing are localized in the acidie lyso-
some/endosome, tha effertive inhibitor coneentration encoun-

it

e {egn il
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i Rabbit csthepsin K Human ¢athepsin & Hurnan cathepsin L Human cathepsin §
J Enzyme Cell (WiED) Enzynie Celt {HepG2) Enzying Celi{Hepia) Enzyme Cell (Ramas) :
L 3 1 4309 61 503 48 65000 2400
5 ~ - 15400 4400 32500 = 10000 52000 4500
& 15 .78 TIo0 17 &300 340 47000 790
? 30 [ 4300 2N 24000 » 10000 27000 = 10900
e 3% 2 35006 4400 2600 320 0000 1340
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tered by the enzyme is increased relative to that outside the
acidic compartment. The distal P2 nitregen atoms of com-
pounds 4, 6, and 8 have pK, values of 7.0-8.8, and the mole-
cules have fog# values of 1.5-3.5; this is consistent with lyso-
somotropic behaviour,@

Further studies were consistent with this lysosomatropism
hypethesis. The piperazine-thiazole-phanyl group of & i5 In-
trinsically Auoresceny; this anabled its subcellular distribution
to be determincd in whole ive cells by two-photon confocal
microscopy. When treated with 10 pt 6, HepG2 cells show 2
puncaied cytoplasmic fluorescence (Figure 5 A), whereas vehi=

Figure 5. Accumulation of & and 9 within the lysosomes of HepG2 cells as observed by
wvo-photon cenfocal microscopy. HapG2 cells were incubated for 1 h with 10 pm of
sither 4) &, 8) 9 or O DMSO vehicle {all measured at an origiral magnificacian of Z0x}.

clestreated cells have little luorescence (Figure 5O, This eeliu-
lar flusrescence was blocked when the cells were pretreated
with NH.CL which causes the disruption of the cytoplacmic-iy-
sosoma! pH gradient. A similar pattern of cellular fluorescence
was obtained with the analogue ¥ (Scheme 3), in which the
elecrraphilic amidoacetonitrite warhead is replaced by an un-
reactive triffuorcethylamine group, thus rendering it inactive
against cathepsing K, 8, L ard 5 (Figare $B). This recult indi-
c¢ates that the azcumulation ¢f 6 is not due to binding o lyse-
somal cathepsins or other activated thiel-containing proteins.
Furthermore, the flucrescence optained with 6 colocalized
with that of the lvsasomal probe LysoTracker DND-99. Unfarty-
nazgly, the nonbasic 7 does ot have an appropriatg intringic
flunrescence, thus precluding its use as a control. However, fur-
ther studies with a radiolabeled nonbasic cathepsin K inbibitor
failed to show any sign of accwnulation within cells, in con-
ragt t¢ the rasuits obtained with & basic-nitrogen-cantaining
snshogue

Thz pharmacokingtic propestes of 4 and 6 are also consis-
tent with lysosomotropic behaviour, as both have relatively
high volumes of distrifsution. In rag-tissue-distribution studies,
both 4 and 6 showed kidney, spleen, liver, and lung levels that
were ~G=1kefold higher thar those found in plasma. These
organs have a high lysosome content, in contrast to fat and
muscle, in which 4 and & levels were simdar to those found in
piasma, The nonbasic anglogus 5 had similar tissue levels n
both lysosome-rich and ~poor orgats and in plasma ®

The results of the ABP whale-cell enzyre-occupancy assays
for cuthepsins B, L, and S destribed above, indicate that basic
cathepsin K inhibitors have g-eater than anticipated activities
ngainst these off-target lysotomal/endosomal enzymes. This
hypothesis was tested By using a functional cell-based assay of

NER LT DY

cathepsin § activity, Cathepsin $ is expressed in the acidic en-
dosome of several antigen-presenting cell types where it plays
an important role in antigen processing®* Cathepsin § par-
forms the final cleavage of a2 paptide known as the invariant
chain (), which occupies and blacks the peptide-binding
groove of the MHC Il complex. Cleavage of the li 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 CD4* F-cells can occur, The functional
tnouse cathepsin § cell-based assay employs an engineered B
cell line (A20) that presents a specific ovalbumin-derived pep-
tide via MHCIl to a respansive T-celi hybridoma call
fine (D0.11.10. Presentation of the evalbumin piep~
ticde to the T-call stimulates the latter to secrate inter-
leukin-2, which it quanttated. A nonbasic, highly
potent, and selective cathensin S inhikitor (10,
Schems 3) showed similar potendies in mouse sple-
nocyte enzyme-vecupancy and enzyme assays, thus
demarsirating that it is cell permeable, However, ap-
proximately two orders of potency were lost in tha
mouse antigen-presentation assay, possibly due to
tha requirement for a high degres of ¢athepsin 3 in-
hibition for functional activity (Table 4), In contrast,
the basic inhibitars 4, 6, and 8, which are relatively

b ’.‘ 2 Jad %{5& il

AR : g
inhibition of mouse cathepsin § Ky (M)
| Enzyme el {gplendeyte) Antigen presenication
T 13 40 1230
4 6350 430 6180
& 5400 218 52300
] 34100 740 83600
7 3390 5700 » 100000

weak against purified mouse cathepsin § (but which show in-
creased activity in the splenocyre whole-cell enzyme-occupan-
cy assay), exhibit activities in the antigen prasentation assay
that are of the same order as that of 10. These regults suggest
that the lysosometropic properties of 4, &, and 8 contribute to
their petencies in the functional celi-based assay.*®

Of cowrse, the lysosomotropic properties of basic cathep-
sim K inhibitors might also contributa to their functional effi-
cacy, as the cathepsin K-modiated degradstion of collagen
oceurs in the acidic lacunae beneath the osteoclasts, as well as
in lysosomes within the osteoclasts ¥ Indeed, increased basic
inhibiter potencies in the cathepsin K HIG32 cell enzyme-occu-
pancy assay was described above, Therefore, the increased po-
tencies of basic compounds such as 4 and 6 against introcelius
lar antitarget cathepsins B. L, and § may ba compensated for
by 3 corresponding inzreased potency against cellular cathep-
sin K acrivity. However, a compatisen of the potancies of basic
and nonbasic inhibitors against purified rabbit cathepsin K and
the functional rabbit ostepclast bone-resorption assay does
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not demonstrate eny ingreased potency for the basic inhibitors
{Tabte 517 Although the intrinsic potensies of the basic com-
pounds 4 and 6 against rabbit cathepsin K are greater than

P N R B, Jurl v il ot b L SR

Peptidomimetics and I\!gp/basic Inhibitors

Extensive SAR studies o}?\?h?&\gipepﬁde nitrile series convinced
us that it would not be possible to achieve an acceptabie level
of selectivity in the absence of a basic P3 group. In an atternpt
to identify a novel series with improved properties, we turned
to peptidomimetics. X-ray erystallography of dipsptide inhibi-
tors bound to cathepsin K shows that the P1-#2 amide forms

MINIREVIEWS

e Ldd 20

hydregen bonds to the protein with both the NH and carbonyl-

comnponents, While replacement of this amide by a pyrimidine
or purine has been demanstrated, ™ the potency of the result-
ing inhibitors is dependent on the reactivity of the nitrite war-

R
-7 AL A A 4%,
Inhikition of cathepain % 1C; Inm] Potency
Ranbit Rabbit bensz shift
sathapsin K resotption assay ffald)
4 27 97 35
é cs ' 5T 10
7 25 41 4
&8 33 145 5
26 08 13 16

those of their nonbatic anslogues 5§ and 7 (due to a favourable
electrostatic interaction with :he 53 aspartic acid),” the poren-
¢y shifts between the purifiec-enzyme assay and the functional
celi-based assay are roughly squivalent for both inhibitor
iypes. Furthermere, examinaton of the potency shifts betwean
purified rabbie cathepsin K and bene-resorption assays for 672
nonbasie and 196 P3 basic-nitrogen-containing amidoacetoni=
trile cathepsin K inhibitors (Figure 6), shows that both inhibitor
types suffer approximately the same ~1:-15-fold decrease in
patency in the functional assay. .

The lack of advantage of basic cativepsin K inhibitors in func-
tional asssys, coupled with the foss of selectivity in whole-cell
assays has driven our search for & selestive cathepsin K inhibi-
tor xowards nonbasie molecules. While this increases the chal-
lenge of achieving jarge selectivity ratios in enzyme assays, the
approach seems more certain to provide functional selectivity
in cell-based assays and might, by extension, pravide z safer
drug for dinical evaluarion.
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Figture &, Reistionshin batween rabd t cathepsin X snvyme and
rapbyr vnavclasy beme-rasorption astey potencias for pasic ang
nonbasic a-amidgoasatemiile cathepsin K inkibitor: Bagic ca-
shepsin K inhibitors sutfar on averags 8 12.2-fald shift {#5% con-

fidence Fmits, $.6-15.5) betwaen the ensye snd bonesresorp- F

tizn 2350y and nonbasic inhibitors suffer & 15.5-%cld snift 954
eordidznce limits, 14.3-168: M, D, Percival, unpublizhed data),

head and did not appear to us to be a viable series. Other P1-
P2 amide replagements that we investigated led to a consider-
able Joss of potency.

The P2-P3 amide bond appeared much rmore amenable to
modification. It forms only one hydrogen bond to Glyéé with
the NH, while the carbonyl projects into solution®" This im-
plies that the P2-P3 amide bond might be replaced with an H-
bond-donating isostere without dramatic logs of potanty. Pres
vious experiments had shown that replacement of the entire
amide bond with & phenyl 1ing resulted i compounds of
modest potency and excellent pharmacokinetics (8., tom-
pound 8)4% Introduction of an anilina NH 1o form the impor-
tant hydrogen hond to Glys6 led to a dramatic improvement
in potency.™ The aniline nitrogen has low basicity and is not
protonated in the biological milieu, thus making it an excelient
H-bond doncr Replacing the aniling with an aminothiophene
moiety provided a compound (11, Scheme 4} with optimal po-
teney and selectivity, In this series, a basic P3 group provided
compounds with excellent enzyme selectivity over ofi-target
cathepsins, However, carnpounds with neutral P3 groups (2.4,
12) have poor selectivity aver cathepsing L ang § (Table 6). Ad-
ditionally, the aminothiephens group had unacceptable levels
of covalent binding in microsomal preparations, possibly due
to amine oxidation (8, Day, unpublished results). Replacement
of the aminothiophene with more electron-deficient heterocy-
cles (2.g., 13) resulted in lower levels of covalent binding, but
the selectivity probiems with nonbasic P2 groups persisted.
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Scheme 4. Aminshsterosysle-based cathepsin K inhibiters.
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As part of the effort to zcdvess this problern, we modified
the basicity of the piperidine ring of compound 13 with flue-
roalkyl substituents in an attempz te find a compromise
between lysosomatropism and selectivity. A monofiuoroethvl
substituent led 1o a molecule (14) that was stifl basic but with
a potency and selectivity profile that enmpare favourably to
thase of 13. In comtrast, the triflucroethyl amalogue 15 ap-
peared 10 ba complgtely neutral, as judged by its nonpoisr
behaviour on sifica-gel chromatography (calculated pk =14),
The potency and selectivity of this molecule warg reduced
considerably; this is consistert with athet nonbasic molecules
in this series, a result that prampted us to abandon attempls
at pK, modulation,

The observation that this {CF, group rendered the nitrogen
nonbasic was highly reievant to our parsllel effort of F2-P3
amide-bond replacemeant, A versicn of this functional group
with a secondary amine would seem perfectiy suited to replace
ing: the carbonyl group of she P2-P3 ainide bond. This ig
indeed the case, as replacing this amide bond of the dipeptide
inhibitor 16 with a wiflugroethylamine as a diastereomeric mix-
ture results in compound 17, which has a tenfold increage in
poiency against cathepsin K (Scheme 5% 1t is notewerthy
that this potency enhancement is only obtained in molecules
with single #2 substituents, such as leucine. In the case of the
Bi 3, Vegycloheayl group (197 a sigrificars 08s in potency is
abtained. This appears to be due tw a steric interaction de-
wween the P2 alky! greup and the CF, moiety that pravents the
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schemae §, Effact of CF, amide replasoment on dipeptide series of sathep-
sin & rdnbivoss,

molecule from adopting a biologically active conformation.
This triflusroethylamine amide surrogate has previously been
used to good affect by Zanda and co-workars

Agding the potency-boosting PR phenylpiperidine to this
template provides a molecule (Schame 6) with exceptional pe-

A
‘*J n\,m

.ﬁ‘*‘
Hhra:) 2

Scheme 6. Trifluorgethylaming derivative 20, a § pm cathepsin K inhikitor,

tency and selectivity in enzyme assays, Compound 20 is 2
~5pwv inhibiter of humanized rabbit cathepeinK and is
> 10000-fold selective against other cathepsins ™ tn this series
of Inbibitors, the active diastereomer is that with the § configu-
ration at the CF; stereacentre, The R isomer is essentialfy inac.
tive (data not shown). While the enhanced potency of the pi-
perazine-containing 20 makes a nice showcase for the trifluer.
oethylamine amide replacement, its basie, lipophilic nature
suggests that this compound will also be lysosometropic. Data
1o suppoit this are provided by potency in whole-cell assays,
in which 20 is found to be three- to 64-fald more potent than
in the corresponding enzyme assays (Table 3). Morsover, the
extreme enzyme potency of this compound does not lead to
enhanced functional activity. In the rabbit osteoctast bone-
resorption assay'" the potency of campound 20 is 12nm, a
1200-fold shift over the cathepsin K ICy, The reason for this is
unclear, but might be due to the assay “bottoming out” due to
the high concentration of ¢athepsin K in the osteoclast. At fage
value though, these dats do not support the hypothesis that
the lysosomotropic properties of basic inhibitors would tead to
enhanced ¢athepsin K inhibition in the acidic resorption lacu-
nae of ostesclasts,

While nenbasic dipeptide inhibitars shaw poor potency and
selectivity, the improved potency and selectivity of the triduor-
sathylaming inhibitors prompred us to re-examine nonbasic
P3 substituents a¢ a means of avoiding the lizbifities of lysoso®
motropism, Indeed, numerous aromatic P'3 groups provided
compounds with subnanomoler potency and high levels of se-
lectivity against cathepsing B, L, and S. Pyridimyl {23), thiazolyl
24}, and 4-substituted phenyl (25) alt shewed considerable
promise (Table 7). With 2 wide range of molecules to choose
from, preclinical pharmacokinetics and activity in the in vitro
bane.resorption assay with rabbit osteoclasts were evaluated
fer a number of compounds. The added polarity of a sulfane
(26) or sulfonamide (27) moiety in the 4-position of the bi

' phenyl led to compounds with particularly attractive phatmas

¢cokinatics, On the basis of its overall profile, compeound 26 (L-
873724) was selected for further evaluation '

The lack of a basic group in 26 suggests that it should not
have jysasomotrapic properties. Indeed, the tow volume of dis-
tribution (1.5 Lkg™) observed in rat pharmacckinetics distin-
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guished it freim basic catheps i K inhibitors we have evaluated,
When 26 was evaluated in whole-cell assays, the activity ob-
servied was comparable to that seen in purified-enzyme assays
(Tabie 31 The shift between the rabbit enzyme potency and
the funetional osteoclasts bone-resorption assay was 16-fold,
which is comparable to that observed for the lysesomotropic
inhibitor & (Table 5)1

while this nonbasic cathepsin K inhibiter showed compara-
bie potency to the basic inkibitor 8 in the osteeclast bone-
resOrion assay, it was unclear whether a nonbasic inhibitor
would have comparable activity in vivo, Sin¢e the resorption
lacuna of an osteoclast is acidie, it would seern reasonable to
assume that & basic dervative would concentrate in the re-
gions of high cathepsin ¥ actvity, leading to efficacy at lower
systenvic exposure, Porential cifferences in compound distrilbu-
tion and the guestion of whether the in vitro bone reserption
could accurately distinguish potent inhibitors contributed to
this uncerainiy, The concept was tasted in an ovariectomized
thesus menkey model wherern N-telopeptide fragrents (NTx)
resulting from collagen degradstion were quantified as a mea-
sure of bong resorptior. Previously, the basic inhibitor 6 (L-
003235} had giver a 58% reduction in wrinary NTx over six
days of oral desing at 3 mgkg™' (Figure 7 AL The nonbasic
inhibito: 26 (L-273724, was tested in this model at the equiva-
lent Sgkg™' dase and gave an identical 68% inhibition of
uNTx {Figure ?B). kotably, the UNTx levels return to baseine
three days after cessation of sestment; this indicates the re-
versibility of this mechanism and distinguishes it from bis-
phosphonate treatment™ Clgarly, basicity is net réquired for
efficacy i cathepsin K inhibitors,

An X-ray crystal structure of sulfonamide 27 bound to ca-
thepsin K has bean obtained at 2 A resolution (Figure 8}, The
cysteire adducts (thigimidate), P1-P2 amide bond, and P2 leu-
cine maiety all bind in analogous fashion to the dipeptide in-
hibitars. The CF; group is directed out of the active site te-
wards water, and the NH of the triflucroethylamine forms a
well-defined hydrogen bond to the carbonyl of Glys6 that is
similar to the hydrogen bond formed by the P2-P3 amide of
the dipeptide inhibitors, However, the sp® hybridization of this
nitrogen allows 3 superior orientation of this hydrogen bond
refative to the sp® nitrogen of an amids. The aromatic ring is
positioned over the hydrophobic glyzine shelf formed by the
n-surface of GlyS5 and Glys6. While a similar interaction is
found in the dipeptide inhibitors, the sp® benzylie carbon
allows for an optimal orientation of this arometic ting. The
distal phenyl ring occupies the 3 binding site, whila the sul-
fonamide group projects inte water and has ne significant
interaction with the enzyme. Thic is consistent with the forgiv-
ing SAR of this portion of the inhibitor,

The fact that the CF; group itself does net have any binding
intéractions with the enzyme suggasts that it may be replaced
by nther glectron-withdrawing groups without impacting po-
tency, This concept was explored in a brief SAR study (Table 8).
Compounds containing replacements for tha CF; group were
evaluated for amine basicity as well as for potency against
eathepsin K. To estimate basicity, a simple TLC method in the
presenge of acetic acid was used that correlated reasonably
well with calculat=d pK, (Table 8). Soth a pentafluoroathy!
group (28) and a phenylsulfone (20) in this pesition provided
compounds with similar activity to that of the CF, derivative,
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In geniast, @ methyl substituent leads to an inactive com-
peund (30), probably due to the basic nature of the resulting
amine. Surprisingly, a nitrile subsstituent (31}, while generating
& nombasic arming, resuited it a marked loss in potency; this
suggests that the CFy group ¢oes more than simply neutralize
the amine. We propose that the CF; group or 3 similar large
wbstituent imposes a steric tanstraint on the orentation of
ihe aromatic ring, forsing it tc adopt a biologically active con-
formation. The much smeller nitrile results in 2 low barrier to

S oPll4deEanansy F

W C Slack and M, D Perava(

Figure 8, X-ray crystal striserure of compound 27 bound to cathepein K
showing the P2=P2 trifluarosthylamine group and the hydrogen bond ft
makes o Gly66 (PDB 1D: 2FDZ). Reprinted fram ref, {46), Copyright (2006),
with parmissian tram Ekevier

rotation for the aromatic ring 2ad 2 unable ¢ enfarce this pre-
ferced conformer.

Conclusion

Lysesomotrapism is 2 cornmon feature of many marketed
drugs (e.g., fluoxeting, chlorpromazine, imiprarmine, and azi-
thromyzin). This physical proparty rnight in fact lead o ime
proved pharmacokinetic prmperties: a drug that is sequestered
in the lyscsomes will have reduced exposure to hepatic CYPs,
thus allowing the lysasome 1o act as a depot that will release
the drug slowly and result in 2 long terminaj half-life, One can
also imagine a scenario in which the target protein is Incated
in the lysosome. In this case, » lysosomotropic compound
might provide pharmacological sctivity with fow systemic ex-
pasure. This ¢ould be the case with cathepsin 5, for which an
asugmentation of functignal cellular activity by basic inhibitors
was ohserved, Additionally, when all off-target proteins ave
locaied in the sarme acidic compariment, lysosomotropism
wouid not tesult in a change in functionsl selectivity. Cysteine
cathepsing can atso be active as secreted and cell membrane-
associated enzymes. In these cases, no effect of lysosornotrop-
ism on inhibitor potency may be expected, However, in the
case of cathepsinK inhibitors, lysasomotropic compounds
have no advamtage in potency over nonbasic analogues in
either the functioral celi-based bong-rgsorption assay or in 3
primate model of osteoporosis. This suggests that activity
against off-target lvedsemal cathepsing will be increased by 2
basic lysozomotrapic sampound in the face of unaftered cath-
ewsin K activity, potantially leading to undesired pharmacologi-
cal effects. Therefore, in order to preserve the selectivity of a
cathepsin K inhibiter, it is prudent to design nonbasic inkhibi-
tors. Nonbasic inhibitors of csthepsin K in which a wifluoro-
ethvlamine has replaced the P2 amide bond have subnanomo-
lar potency and show high selectivity over other eathepsing,
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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 0 Q{H
that is highly expressed in osteoclasts, the cells responsi- O)L N N~CN balicatib
ble for bone degradation during bone remodeling. Type (N H o
I collagen is a major component of bone and Cat K has AN o
high collagenase activity, particularly at the acidic pH Q(NVCN
that is required to dissolve the calcium hydroxyapatite H ) L-006235
component of bone. Emerging evidence that Cat K is -~ N _(,N |
the primary enzyme involved in osteoclastic bone — s
resorption has made it an important target for the treat- o N O
ment of osteoporosis.! Several studies have shown that ~ NNV z
Cat K deficiency leads to an increase in bone mineral o H o N. /0 relacatib
density (BMD).? Pharmacological studies of Cat K o O'Sb N
[5)

inhibitors in rats® and monkeys* have shown reductions
in biochemical markers of bone resorption and

CFa H
Nxd(\NvCN L-873724
— SRR
Keywords: Cathepsin K; Cysteine protease; Odanacatib; MK-0822; O
M602S

Osteoporosis.
* Corresponding author. Tel: +1 514 428 3073; fax: +1 514 428
4900; e-mail: blackc@merck.com Figure 1. Published Cat K inhibitors.
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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.® Our initial
proof-of-concept compound, L-006235, was highly
selective over cathepsins B, L, and S in enzyme assays
and had good pharmacokinetics.” 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.® 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. !

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® 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 0.2nM 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.!2

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.!? 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)'? 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 (10x 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 (50% conversion) than in rhesus
monkey plasma (5% 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 (1A1, 2D6°1, 3A4, 2C9°1,
2C9°2, 2C9*3, and 2C19) 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

"N
CFs( H

GF3
i ol
H
Meso AN, N O MeSO AN/, ' O
1 2
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Mes0s 772 O MeSOA 72
3 4

Scheme 1. Metabolic pathways for L-873724 based on in vitro and
in vivo studies.
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Table 1. In vitro activity of L-873724 analogues with P1 substitution and stabilized P2 groups
CF3R'
N.__CN
O O H O R?R?
MBOZS
Compound R! R?
Cat K® Cat B CatL 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 (R/S)-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-Me, 4.0 >10,000 >10,000 2489
17 i-Bu 1,1-cPr 0.3 >10,000 456 266
18 i-Bu 1,1-cBu 16 >10,000 >10,000 >10,000
CF4
19 (k 1,1-cPr 0.3 >10,000 262 56
CF;
20 (\ 1,1-cPr 04 >10,000 2650 170
R F
21 % 1,1-cPr 0.2 100 472 17
cl
22 H\C 1,1-cPr <0.2 1528 110 15
F
F
23 H<F 1,1cPr 15 434 750 89
F
24 (odanacatib) 1,1-cPr 0.2 1034 2995 60

2] Csp values represent an average of at least three titrations. Standard deviations for these assays were typically within 35% of the ICso values.
Y Humanized 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-dimethy]
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—/— mouse shows several undesirable pheno-
types.! Evaluation against other cathepsins gave ICsos
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 uM). Odanacatib is a reversible mhxbltor of Cat
K with on- and off-rates of 5.3x10°M~'s™! and
0.0008 s~! (¢1/2 ~ 14 min), respectively.

The inhibitors described above were prepared according
to methods analogous to those published previously.'?
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!’ 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. !¢

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-

0,Bn F
Oan
/(Z ab HN c.d HN e,f
BocHN

OoH )—o

s Joayt ﬁims HNﬁ;m

F

O*L 5™ ’)‘*gfkf”

odanacatib

Scheme 2. Reagents and conditions: (a) CICOQiBu, NMM, NaBH,,
DME, 85%; (b) Ts,0, pyr, dichloroethane, 83%; (c) MeMgBr, toluene/
THF, 85%; (d) DAST, CH,Cl,, 60%; (e) Ba(OH),, EtOH/H,0, 100%;
(H TBSCI, Et;N; (g) CF,C(OH)OEt, PhH, 88% (two steps); (h)
BrPhLi, THF; (i) TBAF, THF, 75% (two steps); (j) HslOg CrOs,
CH4CN, 60%; (k) 1-amino-l-cyanocyclopropane hydrochloride,
i-ProNEt, HATU, DMF, 80%; (I) MeSPhB(OH),, PdCl,dppf, Na,COs,
DMF, 70%; (m) H;0,, Na,WO42H,0, BuyNHSO,4, 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.!” 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 S, 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 (IC50=1.5%
0.4 uM), compared to the Cat § inhibitor LHVS
(ICsp = 0.001 uM) in the same assay.® Odanacatib also
showed weak inhibition of the processing of the MHC
II invariant chain protein lipl0 in mouse splenocytes
compared to LHVS (minimum inhibitory concentration
1-10 uM versus 0.01 uM, 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 ICso (nM)
Human Rabbit Rabbit Bone ‘Corrected’
Cat K Cat K Res? Bone Res®
L-873724 0.2 0.8 131 3
Odanacatib 0.2 1.0 23+6 5
Balicatib 0.6 2.7 97+13 22
Relacatib 0.5° 0.5 152 15

®]Csp values represent an average of at least three titrations * SEM.
® Humanized rabbit Cat K.
°Bone res IC5yx hCat K ICsprabCat K ICsp.

Table 3. Whole cell potency on cathepsins K, B, L, and S

Compound ICs (nM)
Cat K ‘Corrected’ Enzyme occupancy
Bone Res
Cat B Cat L Cat S
(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.!®?° We
hypothesized that the fibrotic events caused by balicatib®
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-D collagen
gel and inhibitors added for the final 3 days.?! 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 E64/E64d (data not shown) caused a 3- to 7-fold
accumulation of intracellular Type I collagen in HDF
at concentrations of 1-10 uM. 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 10uM (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 uM (Fig. 2).

Odanacatib exhibited excellent metabolic stability in
hepatocyte incubations across several species. In stan-
dard incubations (2 x 10° cells/mL, 20 uM, 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
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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) (mL/min/kg)  (h) (L/kg)
Rat 10 8 20 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 PEG-400 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 Stoch! and JA Wagner!

Osteoporosis is characterized by low bone mass with skeletal
fragility and an increased risk of fracture. This bone loss is
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 calcitonin, 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 the most abundant cysteine protease expressed
in the osteoclast and is believed to be instrumental in bone

matrix degradation necessary for bone resorption. Cathepsins
have known collagenolytic activity under acidic conditions and
cathepsin K is capable of degrading type-1 collagen, the major
component of bone matrix.! The finding of cathepsin K defi-
ciency in pycnodysostosis,? 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 of bone matrix, including type
I collagen (which accounts for ~90% of bone matrix), osteopon-
tin, and osteonectin.

Cathepsin K was originally cloned from rabbit osteoclasts® and
thereafter from human osteoclasts and shown to be homologous
to other cathepsins.> Bone resorption is mediated by osteoclasts,
which attach to the bone surface, thereby generating an acidified
subosteoclastic bone-resorbing compartment.® 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.®

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
property for inhibitors intended for chronic use.® While many
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Figure1 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.!®

INVITRO 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.!! Given the challenges of culturing human osteoclasts
from bone marrow cultures,'? human osteoclastoma-derived
osteoclasts which are phenotypically identical to human osteo-
clasts have been used for in vitro testing of novel antiresorptive
compounds.!? Importantly, the potency of cathepsin K inhibi-
tors using these cells correlates with the results obtained in assays
based on recombinant human cathepsin K (r? = 0.80).1%

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.!4 The similarities between the human

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 83 NUMBER 1 | JANUARY 2008

and monkey cathepsin Ks, coupled with the knowledge that the
ovariectomized (OVX) monkey is an excellent model for human
osteoporosis,'” 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.!® Furthermore, differences
exist in how the human and mouse skeletons respond to estro-
gen.1® 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,' 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.)” There is evidence confirm-
ing that these findings are associated with increases in bone

strength. 8

Ovarlectomized mice. 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.2° Nevertheless,
cathepsin K inhibitors have been shown to prevent bone loss
in OVX mice?! 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,? and the
OVX rat model.?3

Rabbit models

Given the interspecies sequence variation that exists in cathepsin
K, a rabbit mode] 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.2# Cathepsin K inhibitors have demonstrated
pharmacodynamic activity with increased bone mineral density
(BMD) in both the OVX rabbit?® 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 23

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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Figure 2 Ratio of N-telopeptide (NTx) to creatinine (Cr) during dosage
(15 mpk, p.o., q.d.) of L-0006235 in adult OVX rhesus monkeys. Reprinted with
permission from J. Med Chem,, 2005, 48, 7520-7534.

Mean+SEM

25 Lall P < 0.001 vs. Vehicle

uNTX/Cr (% from vehicle)
&
e

0.046 0.60

2.39 AUC (pM-24h1) |

0.6 3 15
Dose (mpk, p.o., q.d.)

Figure 3 Dose-response effect of L-0006235 on urine Ntx/Cr in the OVX
monkey model. Reprinted with permission from J. Med Chem., 2005, 48,
7520-7534.

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.?’

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.?8 The effects of odanacatib on serum
CTx (sCTx) were similar to those seen with uNTXx, 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.?
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.?® 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.?’ More recently, data from a
multicenter, randomized, placebo-controlled trial have been
presented that demonstrates increases in lJumbar 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 < —2.0 and > —3.5) at LS, femoral neck, trochanter, or
total hip.?° 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 uNTx/Cr.3
Odanacatib was shown to be generally safe and well tolerated
with no dose-related trends in adverse experiences.?? 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 50mg)
or placebo.?! 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.>? 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, 2.21, 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).3? 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.>2

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 + 16nmol/l bone
collagen equivalents mmol/l creatinine in controls, P < 0.01, and
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was significantly reduced in 17 affected children (P < 0.0003).33
No abnormality was seen in markers of bone formation, osteo-
calcin, or carboxy-terminal propeptide of type I collagen (PICP),
suggesting normal osteoblast activity.>* 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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ALICIA LLOREDA RICAURTE

ASUNTO Radicacion 04085271
Tramite 002
Evento 001
Actuacion 430
Oficio 9665
Folios 004

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

Descripcién: Folios: 22 a 220 como se radico inicialmente.
Reivindicaciones: Folios: 221 a 258 como se radico inicialmente.

Folios: 392 a 427 Modificado

Prioridad: Folios 1 a ( 5 de Marzo de 2002,US60/361,818).
( © de Septiembre de 2002,US60/408,704).

Respuesta del solicitante: Folios 370 a 390 y 428 a 460
Objeto de la invencion
o Titulo de la solicitud: Inhibidores de la cistein-proteasa catepsina.

El objeto de la presente solicitud de patente de invencion consiste en:
Compuestos de N-cianometilamida derivados .

Reivindicaciones 1-13 : Compuesto de la formula (l) :

Re fSRC AP H

R e

Reivindicacién 14 : Composicion farmacéutica del compuesto de férmula l.
Reivindicacién 15 : Composiciones farmacéuticas del compuesto de formula |
en combinacién con otros agentes.



% %2, |

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 dtiles en el tratamiento de
osteoporosis.

Para solucionar este problema técnico la solicitud en estudio proporciona
compuestos de formula (I), composiciones farmacéuticas que emplean los
compuestos de formula (l) y procedimientos de preparacion de dichas
composiciones farmacéuticas.

El objeto de la invencion definido anteriormente se clasific6 de  acuerdo con
la Clasificacién Internacional de Patentes (IPC) : CO7D295/12; A61K31/275,
AB1K31/381, A61P19/10, CO7C255/25.

De la solicitud de Patente
Reivindicaciones (articulo 30 D 486)
Para la reivindicacion 1 se encuentran términos no concisos como :

e ParaR1,R2, D, R9, Ra, Rb se encuentra el término , heterociclilo: No se
especifica el numero de miembros ni los heteroatomos que lo conforman.

e Paracuando R3yR4 oR4yR8 o0 RayRboRcyRd forman el anillo
heterociclilo no especifica los heteroatomos que puede tener.

e Se encuentran términos como hidroxialguilo, alcoxi, haloalquilo, arilalquilo,
heteroarilalquilo, haloalcoxi : No se especifica para la parte alquilica el
numero de atomos de carbono que puede tener.

Para las reivindicaciones 1, 5 y 8 se encuentra no son claras ni concisas porque :

e Cuando se define arilo “ ............ 0 biciclico estable de hasta12 atomos en
cada anillo?........"” , y cuando se define a heteroarilo“............... oftriciclico o
de hasta 10 atomos en cada anillo? .

No se delimita adecuadamente en que rango de atomos de carbono o0 miembros que
conforman los anillos. Se debe colocar como por ejemplo si fuera el caso de arilo
de 6 a 12 atomos de carbono . Lo mismo para los heteroarilo.

En la reivindicacion 1 se encuentran los términos :

e Para cuando R3 y R4 se unen para formar un “Csg cicloalquenilo” .
e Para cuando Ray Rb o Rc y Rd se unen para formar un “Cs g heterociclilo “ .

Los cuales no son claros por un orden incorrecto en {a traduccion . Lo correcto es
cicloalguenilo Csgy heterociclilo Cz,



gf( 1
e También dentro de la reivindicacion 1 se encuentra cuando se definea D,

Ra, Rb que cuando se habla de que los grupos heteroarilo o heterociclilo
...... pueden estar opcionalmente sustituidos sobre el carbono o el
heteroatomo? con uno........ ”. No es claro como todos los heteroatomos
(entre ellos el oxigeno o el Azufre) pueden estar opcionalmente sustituidos.

¢ En la reivindicacién 1 se habla de los sustituyentes Ra y Rb . Sin embargo
dentro de la reivindicaciéon no se encuentran grupos que los contengan.

¢ La reivindicacion 15 , no es clara ni concisa ya que existen multiples
posibilidades de composiciones farmacéuticas obtenidas de la combinacion
de “los compuestos de la formula | con otros agentes como los descritos.
Adicionalmente este Despacho no encuentra sustento técnico dentro de la
descripcién de dichas combinaciones; no hay evaluacién sobre su interaccion,
co-accion, por ejemplo si crean sinergismo etc., . Por lo tanto se le sugiere al
solicitante eliminar dicha reivindicacién.

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 la unidad
inventiva , la novedad y el nivel inventivo de la solicitud. Sin embargo la actual
solicitud para su nuevo capitulo reivindicatorio, adn presenta deficiencias por
claridad y concisién tal como se evidencié 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 estan
debidamente sustentados en la descripcién no son congruentes con la reivindicacion
1 que es la que define el objeto del invencién. Esto se demuestra a continuacion .

Por ejemplo uno de los compuestos que divulga dicha reivindicacion corresponde al :
NZ[1-(1,1"-bifenil-4-il)-2,2,2-trifluoroetil}-N '-(cianometil)-L-
leucinamida:

y presenta la siguiente estructura :

R6 \ s | R3
F

F tF /¢CH3
NH R1yR2
NH
Y
I

Si observamos la reivindicacién 1 encontramos que se reclama el compuesto de

R7?

FaR® g H
A’ H°)>LN Nxc”‘N
. n ,!,s R A
formula .

Donde : R1, R2, R4, R5y R8 son hidrégeno.
R3 es alquilo C15, ( 2-metilpropilo )
R6 es haloalquilo.
Desarilo. nes1



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 lo divuigado 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 Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el articulo 8 de la
resolucion reglamentaria No. 00210 del 15 de enero de 2001, advirtiendo que contra
él no procede recurso alguno en la via gubernativa.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de Division de Muevas Creaciones

El anterior  requerimiento fue notificado por fijacion en lista, de fecha
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