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Señores 

DIRECCION DE NUEVAS CREACIONES 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 

Bogotá, D.C.  
 
 
 
 
    Re.: Expediente No. NC2019/0005966 
            Fase nacional de Solicitud PCT 
            REGENERON HARMACEUTICALS, INC. 

    _______________________________________ 
 
 

 

 

En relación con el expediente de la referencia y dando cumplimiento a la última 

providencia recaída sobre este asunto por medio del presente escrito me permito 

manifestarles lo siguiente: 

 

1. Según la sugerencia del Examinador, que ha sido aceptada por la sociedad solicitante, 

se modifica el título de esta solicitud como sigue: 

CONJUGADO ANTICUERPO-MEDICAMENTO QUE CONTIENE UN DERIVADO 

COMPUESTO POR 8–(2–AMINOACETIL)–5,7–

DIOXAPENTACICLO[10.8.0.002,9.04,8.013.18]ICOSA–14,17-DIEN–16–ONA 

 

2. De otor lado, se adjunta un nuevo capítulo reivindicatorio el cual ha sido revisado y 

modificado de conformidad con instrucciones recibidas de mi representada. 

 

La reivindicación se modifica 1 para definir “alquilo” como “C”1-6alquilo”, “arilalquilo” 

como “C6-10arilC1-6alquilo” y “arilo” como “C6-10arilo”. El respaldo para estas 

modificaciones se encuentra al menos en los párrafos [0046] y [0052] de la 

correspondiente solicitud PCT WO 2018/089373 (en lo sucesivo, la solicitud ‘373). 

 

Las reivindicaciones 2, 3, 4, 5, 8 y 9 se modifican para que sean compatibles con la 

reivindicación modificada 1.  

La reivindicación 21 se modifica para que sea distinta de la reivindicación 20 y ahora 

se dirige a “fragmento de unión al antígeno de este”. 
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La reivindicación 22 se convierte de una reivindicación dependiente en una 

reivindicación independiente y se modifica para que sea compatible con la 

reivindicación 1. 

 

La reivindicación 24 se modifica para que dependa de la reivindicación 22. 

 

Las reivindicaciones 25 y 36 se modifican para eliminar la definición del subíndice n 

porque n no aparece en las estructuras de la reivindicación. 

 

Las reivindicaciones 27 y 28 se modifican para dar mayor claridad y para que se refieran 

a la Fórmula (A). La reivindicación 29 se modifica para incluir las definiciones de L y BA 

para dar mayor claridad. 

 

La reivindicación 35 se modifica para que dependa de la reivindicación 22 y se modifica 

para dar mayor claridad. 

 

La reivindicación 37 se modifica para dar mayor claridad y ahora se dirige al compuesto 

5-1 en la tabla 2 (página 181). Este compuesto se eliminó de la reivindicación 38 para 

dar mayor claridad. 

 

La reivindicación 38 se modifica para que dependa de la reivindicación 1 y se eliminó 

un compuesto. Para dar mayor claridad, este compuesto se trasladó a la reivindicación 

37. 

 

3. Con respecto a los argumentos expuestos por el Examinador en el sentido de que la 

descripción presentada no divulga de manera suficiente la invención, la sociedad 

solicitante manifiesta su completo desacuerdo con esta apreciación.  

La Solicitante sintetizó y probó muchos compuestos conjugados que caen dentro del 

género de la reivindicación 1 y la reivindicación 22. El ejemplo 1 (párrafos [0478]-[0484]) 

describe una síntesis genérica de los glucocorticoides correspondientes y los 

procedimientos sintéticos detallados se proporcionan en los ejemplos 2-30 (párrafos 

[0487]-[0624]). En el ejemplo 31 se describe además un método para separar los 

estereoisómeros. La Tabla 1 y la Tabla 2 proporcionan aproximadamente 15 esteroides 

sintetizados con funcionalidad variable en la posición R3 que pueden formar la porción 

esteroide de los compuestos conjugados de la reivindicación 1 y 22. 

 

El ejemplo 32 (párrafos [0628]-[0629]) y la FIG. 9 proporcionan enfoques genéricos 

para sintetizar enlazadores y enlazadores-cargas útiles. La Tabla 3 y la Tabla 4 

describen compuestos de enlazadores-carga útil con diferentes esteroides y 
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enlazadores que caen en el género de las reivindicaciones 1 y 22. Los ejemplos 49, 

103, 107, 108 y 115 (párrafos [0722], [0953], [0966], [0969] y [0990]) y FIGS. 16 y 32 

describen la síntesis de enlazadores-cargas útiles de las presentes reivindicaciones. 

Los ejemplos 54 a 58 (párrafos [0747]-[0767]) proporcionan métodos para hacer 

múltiples conjugados anticuerpo-medicamento utilizando diversos procesos sintéticos 

y el ejemplo 59 describe el método para caracterizar conjugados anticuerpo-

medicamento. 

 

En la solicitud ‘373 también se dan múltiples ejemplificaciones de la actividad biológica. 

En el ejemplo 60 (párrafos [0780]-[0782]) se describe un ensayo de enlace competitivo 

y en la Tabla 10 se dan datos de ensayo de enlace competitivo de GR para muchos 

esteroides que pueden formar la porción de esteroides de los compuestos conjugados 

de las presentes reivindicaciones. Como se indica en el párrafo [0782], “los nuevos 

esteroides probados en este documento demostraron ser comparables o mejores 

(valores de CI50 más bajos) en este ensayo y un desplazamiento similar del ligando 

GR en comparación con la budesonida”. La Tabla 10 también ofrece datos sobre la 

activación de GR para los esteroides. La porción esteroidea del género de las 

reivindicaciones 1 y 22 es una generalización razonable de los esteroides de la Tabla 

10 que se probaron para determinar su actividad tanto en un ensayo de enlace 

competitivo como en un ensayo de activación de GR. 

 

Además, el ejemplo 118 (párrafos [1007]-[1012]) ofrece resultados de la escisión de 

catepsina B que demuestran que los enlazadores-cargas útiles de las reivindicaciones 

pendientes se escinden enzimáticamente. El ejemplo 121 (párrafos [1025]-[1046]) 

describe un modelo de liberación de citoquinas inducida por LPS en ratón utilizando un 

esteroide de un compuesto conjugado de las presentes reivindicaciones. La Tabla 20 

ofrece datos de PK para un determinado esteroide y la Tabla 21 da los niveles medidos 

de TNF-α. Por último, el ejemplo 122 (párrafos [1047]-[1057]) demuestra el efecto de 

un determinado esteroide sobre las respuestas inmunitarias inflamatorias inducidas por 

LPS ex vivo en células dendríticas de ratón y humanas. Como se muestra en la Tabla 

22 y la Tabla 23, este esteroide inhibió la producción de citoquinas inducida por LPS 

tanto en las células dendríticas ratón como en las humanas. 

 

Como se describió arriba, en la solicitud ‘373 se han proporcionado amplios datos 

biológicos y de soporte para la actividad de esteroides representativos y compuestos 

conjugados. Sobre la base de estos ejemplos representativos de soporte biológico, el 

Solicitante tiene derecho al alcance de las reivindicaciones actualmente pendientes. 
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El Examinador sostiene además que la reivindicación 1 no es clara porque no se define 

la estructura del enlazador y el anticuerpo o fragmento de unión al antígeno de este. Mi 

representada manifiesta respetuosamente su desacuerdo. Estos términos están bien 

establecidos en el estado de la técnica y se describen claramente en la solicitud ‘373. 

Además del respaldo descrito anteriormente, se dan múltiples ejemplos de enlazadores 

al menos en el párrafo [0276] y se sintetizaron y probaron múltiples enlazadores como 

se muestra en la Tabla 3 y la Tabla 4. El ejemplo 57 (páginas 247-249) es un ejemplo 

de la conjugación de muchos de estos enlazadores a los anticuerpos y las propiedades 

físicas de estos enlazadores se dan en la Tabla 15 (página 264). Sobre la base de al 

menos estos ejemplos y ejemplificaciones de enlazadores, el Solicitante tiene derecho 

al término enlazador. 

 

Además del respaldo descrito anteriormente con respecto a la conjugación de 

enlazadores-cargas útiles con un anticuerpo para formar un CAM, el párrafo [0338] 

define el anticuerpo como “cualquier molécula de unión al antígeno o complejo 

molecular que comprende al menos una región determinante complementaria (CDR) 

que se une específicamente o interactúa con un antígeno en particular”. El fragmento 

de unión al antígeno se define en el párrafo [0339] e incluye “cualquier polipéptido o 

glucoproteína natural, enzimáticamente obtenible, sintético o genéticamente 

modificado que se una específicamente a un antígeno para formar un complejo”. Se 

dan muchos ejemplos de anticuerpos y fragmentos de unión al antígeno al menos en 

los párrafos [0338]-[0354] y los ejemplos 57 y 58 describen la conjugación de 

compuestos con múltiples anticuerpos de forma específica y no específica del sitio. 

Sobre la base de al menos estos ejemplos y ejemplificaciones, una persona 

medianamente versada en la materia técnica correspondiente entendería el uso de 

estos términos. El Solicitante tiene derecho a los términos “anticuerpo o fragmento de 

unión al antígeno de este” y “enlazador”. 

 

Por último, el Examinador sostiene que las definiciones de las reivindicaciones son 

generales y no definen la invención. La Solicitante sostiene que las reivindicaciones 

modificadas definen claramente el objeto de las reivindicaciones. Por ejemplo, “alquilo” 

se modifica a “C”1-6alquilo”. El respaldo a esta modificación puede encontrarse al 

menos en el párrafo [0046] de la solicitud ‘373. “Arilo” se modifica a “C”6-10arilo” y el 

respaldo se puede encontrar al menos en el párrafo [0052]. “Arilalquilo” se modifica a 

“C”6- 10arilC1-6alquilo”. El respaldo de esta modificación puede encontrarse al menos 

en el párrafo [0046] y en el párrafo [0052]. Las definiciones de las reivindicaciones 

actualmente pendientes están ahora claramente definidas. 
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4. Ahora bien, con respecto a las objeciones del Examinador relacionadas con falta de 

claridad y concisión del capítulo reivindicatorio, la sociedad solicitante manifiesta los 

siguientes argumentos. 

 

Sostiene que la reivindicación 1 y la reivindicación 9 comprenden el mismo alcance. La 

sociedad solicitante manifiesta respetuosamente su desacuerdo. La reivindicación 1 se 

dirige a los compuestos conjugados que comprenden un compuesto de Fórmula (A) y 

la reivindicación 9 se dirige a compuestos conjugados que comprenden un compuesto 

de Fórmula (1000). La Fórmula (1000) y la Fórmula (A) son distintas. Por ejemplo, en 

la Fórmula (1000) se mencionan el grupo metilo en C-19, el grupo hidroxilo en C-11 y 

el grupo metilo en C-18. Estas posiciones no están definidas en la Fórmula (A). Por al 

menos estas razones, la reivindicación 9 es más estrecha que la reivindicación 1. 

 

El Examinador señaló que las reivindicaciones 20 y 21 se superponen en su alcance. 

Se modifica la reivindicación 21 para que se dirija a “fragmentos de unión al antígeno 

de este” para que sea distinta de la reivindicación 20. 

 

El Examinador sostiene que la reivindicación 24 no es clara porque las estructuras 

contienen BA y L, grupos que no están definidos en la reivindicación 1. Únicamente 

para agilizar el trámite, la reivindicación 24 depende ahora de la reivindicación 22. 

 

El Examinador observó que la reivindicación 25 define n, pero que n no está incluida 

en las estructuras de la reivindicación. Se modifica la reivindicación 25 para suprimir la 

definición de n. 

 

El Examinador sostiene que las reivindicaciones 27, 28 y 35 no son claras porque 

definen el mismo compuesto. Mi representada manifiesta respetuosamente su 

desacuerdo. La reivindicación 27 se dirige a un esteroide en donde la estereoquímica 

en la posición C-22 es indefinida. La reivindicación 28 se dirige al mismo compuesto, 

pero la estereoquímica en la posición C-22 es R. Las reivindicaciones 27 y 28 dependen 

directa o indirectamente de la reivindicación 1. Se modifica la reivindicación 35 para 

que dependa de la reivindicación 22. Estas reivindicaciones son distintas. 

 

El Examinador sostiene que la reivindicación 31 no es clara porque se refiere a BA y 

depende de la reivindicación 29, pero que BA no se define en la reivindicación 29. La 

definición de BA se añade a la reivindicación 29 para dar mayor claridad. 
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El Examinador sostiene que la reivindicación 37 no es clara. Únicamente para agilizar 

el trámite, la reivindicación 37 se modifica y ahora se dirige al compuesto 5-1 en la 

página 181 de la solicitud ‘373. 

 

El Examinador sostiene que las reivindicaciones 8, 10, 12, 17, 23-29, 32 y 35-38 no son 

claras porque en ciertas estructuras, R5 se puede sustituir por un flúor, pero ese R5 no 

se define como flúor en las reivindicaciones 1, 2, 9 y 22. La Solicitante señala, 

respectivamente, que en las reivindicaciones 1, 2 y 22, R5 puede ser halo y, por lo 

tanto, las estructuras de las reivindicaciones 1, 2, 9 y 22 pueden sustituirse 

indirectamente por un flúor. 

 

5. El Examinador ha rechazado ahora las reivindicaciones pendientes por considerarlas 

supuestamente obvias sobre D3 (WO 2015/153401) en combinación con D4 (US 

2011/0182828). El Examinador se refiere específicamente al enlazador-carga útil 12-1 

en D3: 

 

El Examinador sostiene que sería obvio modificar la funcionalidad del oxígeno en el 

carbono C-21, que proviene de un residuo -OH, en el conjugado anticuerpo-medicamento 

12-1 con -NH2 porque la referencia D4 revela un residuo -NH2 en la posición 

correspondiente en la página 56 (párrafo [1038]). El Solicitante manifiesta 

respetuosamente su desacuerdo.  

Primero, D3 es extremadamente amplio y revela la siguiente fórmula en donde D es la 

carga útil (que corresponde a la Fórmula (A) de la reivindicación 1)  

Además de la budesonida en el medicamento-enlazador 12-1, D3 menciona 

específicamente otros glucocorticoides. En múltiples ocasiones a lo largo de la 

especificación, el agente antiinflamatorio es “un glucocorticoide, por ejemplo, cortisol, 
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acetato de cortisona, beclometasona, prednisona, prednisolona, metilprednisolona, 

betametasona, triamcinolona, budesonida, dexametasona, fluticasona, propionato de 

fluticasona, furoato de fluticasona, compuesto 15-5 o mometasona (al menos página 7, 

líneas 22-26; página 11, líneas 24-28; página 13, líneas 26-30; página 15, líneas 7-12; 

página 19, líneas 3-8; página 21, líneas 13-18; página 45, líneas 22-25)”. Sin embargo, la 

especificación se limita a estos ejemplos y ninguno de estos glucocorticoides está 

funcionalizado con la funcionalidad –NRaRb de las presentes reivindicaciones. 

 

Además de la budesonida, los esteroides glucocorticoides cortisol, prednisona, 

prednisolona, metilprednisolona, betametasona, triamcinolona y dexametasona se 

sustituyen con -OH en la posición R3 correspondiente. El acetato de cortisona y la 

beclometasona se sustituyen con -OC(O)CH3 en la posición R3 correspondiente y 

fluticasona, propionato de fluticasona, furoato de fluticasona y compuesto 15-5 (en la 

página 78 de D3) se sustituyen con un -SCH2F en la posición que corresponde a -CH2R3 

en los compuestos de las presentes reivindicaciones. Por último, la mometasona se 

sustituye con un cloruro en la R3 posición. Si una persona medianamente versada en la 

materia técnica correspondiente estuviera buscando reemplazar el grupo -OH en la 

budesonida, lo más probable es que mirara los otros ejemplos nombrados en D3 y 

reemplazara el -OH con un grupo -OC(O)CH3, un grupo que contiene azufre o un cloruro. 

No miraría más allá de los compuestos específicamente nombrados. Por lo tanto, D3 no 

enseña los compuestos conjugados de las presentes reivindicaciones sustituidos con un 

–residuo NRaRb en la posición R3. Esta deficiencia no es subsanada por D4. 

D4 es también una solicitud extremadamente amplia que revela compuestos de Fórmula 

(I): 

 

en donde 
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L es una fracción divalente seleccionada de ,  y

  o una fracción divalente seleccionada de entre -CH2-S-CH2-

C(O)-NH-, -CH2O-, -CH2-OC(O)-NH-, -CH2S(O)-, - CH2S(O)2-, -NR11-, -N(R11)-C(O)-, -

N(R11)-S(O)-, -N(R11)-S(O)2-, -NR11O-, -CH2N(R11)-, -CH2-N(R11)-C(O)-, -CH2-N(R11)-

C(O)-N(R11)-, -CH2-N(R11)-C(O)O-, -CH2-N(R11)-OC(O)-, -CH2N(R11)C(=NH)NR11-, -CH2-

N(R11)-S(O)-, y -CH2-N(R11)-S(O)2-. 

 

La lista para la funcionalidad R1 es igual de larga que la lista para L y R1 también se puede 

sustituir opcionalmente. 

 

A partir de esta amplia fórmula, D4 revela cientos de compuestos que abarcan las páginas 

54-239, pero no da datos biológicos de ninguno de ellos. D4 describe un ensayo de enlace 

al receptor de glucocorticoides, un ensayo de transrepresión de glucocorticoides y un 

ensayo de transactivación de glucocorticoides. Se divulga una amplia gama de valores de 

CI50 para cada ensayo para los “compuestos ejemplares” (páginas 317 y 318). Sin 

embargo, D4 no revela cuáles de los compuestos son “ejemplares” o incluso cuáles de los 

compuestos fueron probados. No está claro cuál compuesto estaría la persona 

medianamente versada en la materia técnica correspondiente motivada para modificar. 

 

El Examinador señala específicamente el compuesto en la página 56, pero como se 

muestra a continuación, este es un intermediario sintético para una síntesis 

generalizada, y no un compuesto sintetizado. Muchas de las variables no están definidas. 

 

Si la persona medianamente versada en la materia técnica correspondiente revisara D4 

no tendría ninguna motivación para seleccionar un determinado compuesto de entre los 

cientos revelados y ciertamente no estaría motivada para seleccionar el residuo -NH2 de 

un intermediario sintético general. El Examinador no ha ofrecido ninguna motivación sobre 

cómo la persona medianamente versada en la materia técnica correspondiente elegiría un 

compuesto de entre los cientos divulgados o por qué miraría más allá de los compuestos 
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completamente sintetizados a un intermediario general. La combinación de D3 y D4 no 

enseña los compuestos conjugados de las reivindicaciones actualmente pendientes. 

 

En segundo lugar, y más importante aún, mi representada presentó una Declaración en la 

Solicitud de Patente de los Estados Unidos (U.S.S.N. 16/858.458) correspondiente que 

describe lo difícil que es tener una expectativa de éxito cuando se desarrollan esteroides 

y sus respectivos compuestos conjugados. En la Declaración la Solicitante también dio 

datos confirmatorios posteriores a la presentación que demostraban que los enlazadores 

y los residuos de compuestos conjugados no pueden simplemente reemplazarse por otros. 

Esta Declaración se adjunta para su referencia. 

 

Como se describe en la Declaración, es bien sabido en el campo de los esteroides que 

pequeños cambios en la estructura pueden cambiar significativamente la actividad 

biológica y/o la afinidad de unión. Sobre la base de las diferentes propiedades químicas 

de un grupo -OH y un -NH2 no se puede suponer que la simple sustitución de un grupo 

por otro dará lugar a la misma actividad. Primero, a pH fisiológico, el nitrógeno del grupo -

NH2 podría ser protonado y por lo tanto cargado. En condiciones fisiológicas, lo más 

probable es que un grupo -OH no esté cargado. Además, el grupo -NH2 es un donante de 

enlace de hidrógeno, y si no está protonado, un aceptor de enlace de hidrógeno, en tanto 

que un grupo -OH es solo un aceptor de enlace de hidrógeno. 

 

Es importante destacar que para los conjugados anticuerpo-medicamento de la presente 

invención también se deben considerar las diferencias en los enlazadores que forman un 

residuo -OH y un residuo -NH2. En las reivindicaciones actualmente pendientes, el residuo 

-NH2 forma un enlazador carbamato y un enlazador amida, en tanto que el residuo -OH 

en el enlazador-carga útil 12-1 forma un enlazador fosfato. Como se indica en la 

Declaración, no se puede esperar que los enlazadores exhiban la misma estabilidad o 

liberen la carga útil a la misma velocidad. 

 

Esto fue, de hecho, confirmado con datos posteriores a la presentación. Como se analiza 

en la Declaración, los compuestos representativos de las reivindicaciones pendientes 

exhiben propiedades inesperadas en comparación con el enlazador-carga útil 12-3 de D3 

que no podrían haberse predicho (en D3, el compuesto 12-1 al que hace referencia el 

Examinador es un intermediario en la síntesis del enlazador-carga útil 12-3). Los datos 

confirmatorios posteriores a la presentación muestran que, en comparación con el 
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enlazador-carga útil 12-3 en D3, un conjugado anticuerpo-medicamento (CAM) 

representativo de las presentes reivindicaciones exhibe sorprendentemente estabilidad a 

largo plazo. Los datos presentados en la Declaración también muestran que un CAM 

representativo exhibe una mayor selectividad en comparación con los CAM que 

comprenden un esteroide budesonida y un punto de conexión de fosfato similar al 

enlazador-carga útil 12-3 (y 12-1) en D3. 

 

Además, los datos de la solicitud ‘373 y los datos confirmatorios posteriores a la 

presentación por el Solicitante presentados en el Journal of Medical Chemistry (Han et al., 

J. Med. Chem., 2021, 64, 11958- 11971, que se anexa) arrojan evidencia de que un 

esteroide representativo de las presentes reivindicaciones es inesperadamente ventajoso 

sobre la dexametasona, otro compuesto con un residuo -OH en la posición 

correspondiente al residuo –NRaRb en los compuestos de las reivindicaciones pendientes. 

Por último, los datos confirmatorios posteriores a la presentación en Han et al. demuestra 

que no se puede predecir cómo los pequeños cambios en los esteroides afectarán la 

actividad biológica. 

 

Un conjugado anticuerpo-medicamento representativo de las presentes reivindicaciones 

exhibe inesperadamente estabilidad in vivo a largo plazo 

 

La sociedad Solicitante ha descubierto inesperadamente que un conjugado anticuerpo-

medicamento representativo de la presente invención que comprende (i) un esteroide con 

funcionalidad C-21 amino (un grupo -NH2 en la posición R3) y (ii) un punto de conexión de 

enlace carbamato entre el esteroide y el enlazador exhibe una estabilidad prolongada. 

Como se afirma en la Declaración, el perfil PK de un conjugado representativo anticuerpo-

medicamento esteroideo (CAM) que comprende LP112 de carga útil de enlace se estudió 

en ratones silvestres y MSR1hu/hu. El enlazador-carga útil LP112, divulgado en la página 

203 de la solicitud ‘373, se muestra a continuación en la Figura 1. 
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Figura 1 

Las reivindicaciones 32 y 36 se dirigen a los CAM que comprenden LP112. Se caracteriza 

por un enlazador conjugado a un esteroide de la siguiente fórmula en la Figura 2, que se 

funcionaliza con un grupo amino en la posición C-21 (un grupo -NH2 en la posición R3). 

 

 

Figura 2 

Las reivindicaciones 27 y 35 están dirigidas a los CAM que comprenden este esteroide y 

la reivindicación 28 se dirige a un compuesto conjugado que comprende el C22-(R)-

diastereómero de este esteroide. 

 

Como se dice en la Declaración, a los ratones WT y MSR1hu/hu se les administró por vía 

subcutánea una dosis única (5 mg/kg) de este CAM representativo. Las muestras de 

sangre se recogieron inicialmente (t = 0) y en ciertos puntos de tiempo hasta 59 días para 

medir los niveles plasmáticos del conjugado anticuerpo-medicamento. Como se muestra 

en la siguiente gráfica en la Figura 3, se descubrió sorprendentemente que se observó un 

nivel de medicamento de 1,0 µg/ml y 4,0 µg/ml en el día 59 para los ratones MSR1hu/hu y 

los ratones WT, respectivamente. Además, la vida media del conjugado anticuerpo-

medicamento fue de 9,68 días en los ratones MSR1hu/hu y 12,8 días en los ratones WT. 

Como se indica en la Declaración, esta estabilidad a largo plazo no podría haberse 

predicho. 
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Vertical:   Concentración (mg/ml) 

Horizontal: Tiempo (Días) 

Convención: Límite de detección del ensayo 

Figura 3 

 

Como se indica más adelante en la Declaración, esto es sorprendente dados los datos 

publicados en Kern et al. por el mismo cesionario de D3 (Merck & Co.) (Bioconjugate 

Chem. 2016, 27, 2081, que se anexa). En D3, el compuesto 12-1 al que hace referencia 

el Examinador es un intermediario en la síntesis del enlazador-carga útil 12-3. En Kern et 

al., el conjugado enlazador-carga útil 8a (que se muestra en la Figura 4 a continuación) 

corresponde al enlazador-carga útil 12-3 de D3, y Kern et al. solo ofrecen datos de 

estabilidad para el enlazador-carga útil 12-3 en el transcurso de 6 horas. 

Figura 4 

 

Como se discutió en la sección titulada “Stability Screening of Phosphate Containing 

Cathespin Sensitive Linkers” (Tamizaje de estabilidad de enlazadores sensibles de 

catespina que contienen fosfato) en la página 2084 de Kern et al., se examinaron los 

enlazadores-cargas útiles 8a y 8b para determinar su estabilidad en extractos lisosomales 

de rata y como se indica en Kern et al., “tanto 8a como 8b mostraron una rápida producción 

de budesonida libre cuando se incubaron en lisosomas”. La Figura 3 de Kern et al. que 
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muestra la conversión de 8a y 8b a budesonida y monofosfato de budesonida se reproduce 

a continuación como Fig. 5. 

 

Como se señala en la Declaración y como se muestra en el gráfico, solo en el punto de 

tiempo de las 6 horas, el cociente del área del pico de la budesonida de 8a ya era de 0,7. 

Con base en la enseñanza de que enlazador-carga útil 12-3 es estable durante 6 horas, 

es sorprendente que el conjugado anticuerpo-medicamento representativo de las 

reivindicaciones pendientes sea estable durante al menos 59 días. Este compuesto, 

distinto del enlazador-carga útil 12-3 en que se sustituye con un residuo –NRaRb y no 

contiene un enlazador de fosfato, es inesperadamente ventajoso sobre el compuesto 12-

3, que está hecho del intermediario 12-1, en D3. 

 

 

Apariencia de la budesonida y el monofosfato de budesonida 

Vertical:  Budesonida y monofosfato de budesonida liberados (cocientes de área del 

pico) 

Horizontal: Tiempo del muestreo 

Figura 5 

 

Un conjugado anticuerpo-medicamento representativo de las presentes reivindicaciones 

exhibe inesperadamente una mayor selectividad 

 

Como se señala en la Declaración, también se evaluaron la selectividad y estabilidad de 

un segundo CAM esteroide representativo que comprende LP112. La proporción 

medicamento-anticuerpo del CAM fue de 2. El CAM representativo se comparó con su 
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carga útil libre correspondiente (que es el compuesto 4b en la solicitud ‘373 y en la Figura 

6 a continuación), un control (un CAM que comprende un anticuerpo fuera de la diana del 

mismo isotipo) y el anticuerpo no conjugado en un ensayo de luciferasa. Como se muestra 

en la Figura 6 a continuación, el CAM representativo fue selectivo más de 100 veces sobre 

el control. Este trabajo se describe con más detalle en Han et al. 

 

 

Figura 6 

 

Como se indica en la Declaración, esta alta selectividad no podría haberse predicho, 

especialmente a la luz de los experimentos que se analizan a continuación para determinar 

la selectividad de los CAM de budesonida que contienen un enlazador de fosfato. 

Los dos CAM que contienen fosfato que se muestran a continuación en la Figura 7 se 

probaron en un ensayo de luciferasa en el cual los dos CAM se compararon con 

budesonida libre y sus respectivos controles (un CAM que comprende un anticuerpo fuera 

de diana del mismo isotipo). Como sucede con los enlazadores-cargas útiles 12-1 y 12-3 

en D3, estos CAM comprenden budesonida como esteroide y un punto de conexión de 

fosfato en el enlazador. 
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Figura 7 

 

Como se señala en la Declaración y se muestra a continuación en la Figura 8, el CAM con 

el enlazador de bisfosfato fue selectivo 3,5 veces en comparación con su control y el 

compuesto monofosfato casi no mostró selectividad sobre su control. Además, el CAM 

enlazador monofosfato y su control correspondiente liberaron la misma cantidad de carga 

útil, y sus curvas de dosis-respuesta se superpusieron con la curva de dosis-respuesta de 

la carga útil libre, budesonida, lo que indica que el CAM es muy inestable. Además, el 

compuesto bifosfato no liberó la carga útil de manera eficiente. 

 

Figura 8 

 

Sobre la base de estos datos, según la Declaración, resulta muy sorprendente que el CAM 

representativo de las reivindicaciones pendientes sea selectivo 100 veces. Este resultado 

no podría haberse predicho. 

 

Otros datos también muestran que el CAM representativo con una proporción 

medicamento-anticuerpo de 2 fue estable en el plasma de ratones. Como se indica en la 
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Declaración, el CAM prácticamente no mostró pérdida del medicamento. in vitro más de 

72 horas y muy poca pérdida de medicamentos in vivo en ratones WT de más de 150 

horas (Figura 9). 

 

Estabilidad in vitro en plasma de ratón a 37°C Estabilidad in vivo en ratón WT 

 

Figura 9 

 

Además, aunque no se muestra, en el transcurso de 7 días, el CAM mostró una pérdida 

mínima de medicamentos en los ratones in vivo. Como se dijo arriba, Kern et al. solo 

proporciona datos de estabilidad para 6 horas. Como se señala en la Declaración, a la luz 

de los datos de Kern et al., esta estabilidad es un resultado sorprendente. 

Por lo tanto, los CAM representativos funcionalizados con (i) un residuo de grupo amino 

en la posición C-21 en el esteroide y (ii) un punto de conexión de carbamato en el 

enlazador exhiben una mayores estabilidad y selectividad. Esto supone una ventaja 

terapéutica sobre los enlazadores-cargas útiles y CAM de D3 que comprenden un 

esteroide budesonida (que se funcionaliza con un residuo -OH en la posición C-21) y un 

punto de conexión de fosfato en el enlazador. Esta superioridad no podría haber sido 

predicha. 

 

Un esteroide representativo de las presentes reivindicaciones es inesperadamente 

ventajoso sobre la dexametasona en un modelo de liberación de citoquinas inducida por 

LPS en ratón  

 

La sociedad solicitante también descubrió que el esteroide funcionalizado C-21 amino en 

los CAM discutidos arriba (y que se muestra a continuación otra vez como Figura 10 en 

aras de la conveniencia) resulta inesperadamente ventajoso sobre la dexametasona, un 

segundo compuesto con un grupo -OH en la posición correspondiente, en un modelo de 

liberación de citoquinas inducida por LPS en el ratón. 
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Figura 10 

 

Como se vio en el Ejemplo 121 de la solicitud y Declaración ‘373, el compuesto 4b (un 

compuesto de la reivindicación 17 y el compuesto de las reivindicaciones 27 y 35) se 

evaluó en un modelo de liberación de citoquinas inducida por LPS en el ratón en donde la 

dexametasona fue el control positivo. Estos datos se presentan en la FIG. 37B de la 

solicitud ‘373 y se reproducen como Figura 11. Como se puede ver, la administración del 

compuesto 4b redujo los niveles de TNFα significativamente más que la administración de 

dexametasona (también se probó un segundo compuesto, el compuesto 6-I, divulgado en 

la solicitud ‘373 pero no cubierto por las reivindicaciones pendientes). 

 

Figura 11 

 

Estos datos fueron confirmados más adelante por mi representada en Han et al. Como se 

dice en Han et al., la dexametasona solo redujo los niveles de TNF-α en 50%, en tanto que 

4b (compuesto P3 en Han et al.) redujo los niveles de TNF-α en cerca de 85% (FIG. 4 y 

página 11962 de Han et al.). Como se indica en la Declaración, no se podía haber predicho 

que el esteroide representativo de las reivindicaciones pendientes sustituido con la 

funcionalidad -NRaRb en la posición R3 inhibiría los niveles de TNF-α en mayor grado que 

la dexametasona, un compuesto con el grupo -OH en la posición R3. 

 

No es posible predecir fácilmente el efecto de los cambios estructurales en la estructura 

de los glucocorticoides 
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Por último, como se explica en la Declaración, pequeños cambios en la estructura de un 

glucocorticoide pueden afectar significativamente la actividad biológica. 

 

Por ejemplo, mientras que el compuesto 4b es capaz de reducir los niveles de TNF-α en 

mayor grado que la dexametasona, el compuesto 4b también fue inesperadamente potente 

en un ensayo basado en células como se describe en la Declaración. En Han et al., ciertos 

compuestos de las reivindicaciones pendientes se probaron en un ensayo de reportero de 

GR coactivador de luciferasa basado en células en células HEK293/UAS-Luc/pBIND GR 

en dos puntos de tiempo (48 y 72 horas). 

 

La versión amino de la flumetasona (P7 en Han et al., que se muestra a continuación en 

la Figura 12) exhibieron una CE50 de >100 nM después de 72 horas. 

 

EC50 (72 horas) >100 nM 

Figura 12 

 

Esto se compara con el compuesto P3 (que corresponde a 4b en la solicitud ‘373), en 

donde la única diferencia es que las posiciones R1 y R2 están unidas. Como dice la 

Declaración, inesperadamente P3 exhibió una EC50 de 1,59 después de 72 horas. De 

forma parecida, el compuesto P4 exhibió una EC50 después de 72 horas de 8,08 nM. 

Como se señaló en la Declaración, no es posible predecir cómo pequeños cambios en la 

estructura de los esteroides van a afectar la actividad. Si bien todos los compuestos son 

potentes en comparación con P7, resulta sorprendente que P4 y P3 (compuesto 4b) sean 

al menos cerca de 12 veces y 60 veces más potentes, respectivamente. 
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EC50 (72 horas) 8,08 nM     EC50 (72 horas) 1,59 nM 

Figura 13 

Otros compuestos presentados en Han et al. que se muestran en las reivindicaciones 

pendientes son los compuestos P2, P5 y P6 con valores de EC50 de entre 1,42 nM y 16,4 

nM después de 72 horas en el ensayo celular. 

 

EC50 (72 horas) 16,4 nM    EC50 (72 horas) 4,19 nM 

 

EC50 (72 horas) 1,42 nM 

Figura 14 

 

El Examinador cita a D4 como evidencia de que resulta obvio reemplazar el residuo -OH 

de los compuestos conjugados de D3 por un residuo -NH2 para llegar a las 

reivindicaciones actualmente pendientes. Sin embargo, se descubrió inesperadamente 

que un conjugado anticuerpo-medicamento representativo de las reivindicaciones 

pendientes exhibe una estabilidad in vivo a largo plazo de al menos 59 días y que un 

segundo CAM representativo muestra una estabilidad in vivo de al menos 7 días. Además, 

se descubrió que el segundo CAM representativo es altamente selectivo. También se 

descubrió sorprendentemente que un esteroide representativo de las reivindicaciones 

pendientes puede reducir los niveles de TNF-α significativamente más que la 

dexametasona. No hay ninguna enseñanza en D4 que indique que la sustitución de un 

grupo -OH por un grupo -NH2 pueda conducir a estabilidad a largo plazo, a alta selectividad 

o a una reducción de los niveles de TNF-α. El Solicitante pide respetuosamente que se 

reconsidere el rechazo de que la reivindicación actualmente pendiente carece de nivel 

inventivo a la luz de D3 y D4. 
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En consecuencia, de conformidad con las modificaciones realizadas al capítulo 

reivindicatorio adjunto y a los argumentos arriba expuestos, es claro que la materia 

reclamada cumple con todos los requisitos de patentabilidad exigidos por la Decisión 486, 

y por lo tanto les solicitamos se sirvan conceder el presente privilegio de patente de 

invención. 

 

 

 

 

 

 

                   De Ustedes Atentamente, 

 

 

 

 

 

 

 

              

                                                           LUIS FELIPE CASTILLO GIBSONE 

                                                           T.P. # 68.995 del C.S.J. 
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ABSTRACT: Glucocorticoids (GCs) are widely used to treat a
variety of autoimmune and inflammatory diseases; however,
systemic delivery of GCs is associated with side effects that affect
essentially every organ system, reflecting the nearly ubiquitous
expression of the glucocorticoid receptor (GR). Targeted delivery
of GCs to diseased tissues using antibody-glucocorticoid conjugates
(GC-ADCs) offers a therapeutic alternative to overcome these
adverse effects. Herein, we describe novel classes of GCs that exhibited greater potency than dexamethasone and budesonide, a 100-
fold selectivity toward the GR over other nuclear receptors, and no in vitro safety liability in pharmacology assays (hERG, AMES)
and that demonstrated a substantial reduction in tumor necrosis factor-α (TNF-α) release in mice challenged with
lipopolysaccharide (LPS). The site-specific conjugated GC-ADCs via cathepsin-cleavable linkers were highly stable in plasma and
specifically released GCs in antigen-positive cells, suggesting that these novel GCs can serve as ADC payloads to treat autoimmune
and inflammatory diseases.

■ INTRODUCTION

Glucocorticoids (GCs) are an important therapeutic option for
treating autoimmune and inflammatory disorders like asthma,
rheumatoid arthritis, and inflammatory bowel disease.1−3 The
anti-inflammatory properties of GCs are attributed to their
ability to bind to the GR and repress the expression of
inflammatory genes. The downregulation of NF-κB, which
promotes the expression of cytokines and adhesion proteins, is
a major effector of the immunosuppressive effects of GCs.4

However, because GCs regulate numerous other physiological
functions, systemic administration of GCs is frequently limited
due to serious adverse effects. To mitigate toxicities and widen
the therapeutic window of GCs, alternative delivery methods
such as topical, rectal, and inhalation have been employed with
some success.5 However, a safe, efficacious, systemically
administered GC devoid of on-target, off-tissue toxicity
remains elusive.
Antibody−drug conjugate (ADC) approaches have proven

useful for delivering cytotoxic payloads to tumors. Ten ADCs
are FDA-approved for the treatment of certain types of
cancers, and at least eighty other ADCs are currently under
clinical development. Targeting GCs using ADCs has the
potential to improve the efficacy of GCs by expanding their
therapeutic window while minimizing, or even eliminating,
their adverse indications. Indeed, ABBV-3373, a GC-ADC
based on adalimumab (Humira) targeting tumor necrosis
factor for rheumatoid arthritis, entered clinical trials in 2019 in
the treatment of patients with moderate-to-severe RA who had
previously shown an inadequate response to methotrexate.6

ABBV-3373 displayed superior efficacy and safety as compared
to adalimumab alone in a phase IIa clinical trial. Preclinically,
fluticasone propionate was conjugated via its aliphatic hydroxyl
group to an anti-CD74 antibody that targets antigen-
presenting cells.7 Budesonide was selectively delivered to
immune cells via attachment to an anti-CD70 antibody.8 Both
examples utilized phosphate linkers that show significant
hydrolysis in plasma at times (approximately 3 days) that are
short compared to the circulating half-life of antibodies.9

Recent references reported using nanobodies as vehicles for
targeted delivery of payloads of interest, such as antigenic
peptides (MOG) or small molecule (dexamethasone), which
demonstrate the efficacy in prevention and treatment of
experimental autoimmune encephalitis (EAE).10

We surmised that this concept could be extended to other
GCs to provide a safe, potent, and effective means for the
systemic administration of GCs. The payload used for
modification in our study was budesonide, a potent GC with
low oral bioavailability (%F = 9−20; controlled-release
capsule) and extensive hepatic first-pass metabolism (∼90%).
Budesonide is currently used for the treatment of inflammatory
bowel disease, ulcerative colitis, and Crohn’s disease. We
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designed novel, potent, and selective budesonide derivatives
and conjugated them to antibodies using linkers that are
cleavable by cathepsin B and yet still stable in plasma. The
ADCs were designed to deliver, and then release, the
biologically active GC payloads to targeted cells, thereby
potentially improving the therapeutic window and safety
profile relative to nontargeted GCs.

■ RESULTS AND DISCUSSION

Our strategy for developing GC conjugates (GC-ADCs) began
by identifying regions of budesonide that could be modified to
improve the stability of the conjugate and potency of new free
payloads. Two modifications of budesonide were evaluated:
(1) replacement of the C21 hydroxyl group with amine or
aniline group and (2) replacement of C9 and C6 hydrogen with
fluorine. Amine- and aniline-containing payloads are routinely
attached to antibodies via a carbamate linkage, which is
expected to be more stable than a carbonate or phosphate
linkage provided by hydroxyl groups.
Molecular Modeling Analysis of C21 Analogues.

Molecular modeling of GC binding to the GR-active site was
used to provide the rationale for C21 amine group substituents
onto budesonide. Evaluation of PDB cocrystal structures,
where ligands are complexed in the ligand-binding domain of
the GR (residues 500−777), revealed desisobutyrylciclesonide
complexed with GR (PDB code 4UDD).11 In Figure 1,
desisobutyrylciclesonide, a close structural homologue of
budesonide, was used as a template to dock newly designed

analogues (P3 and P12) by employing the Schrödinger-
induced fit docking program.
The optimal orientation of binding of P3 and P12 with the

R-conformations is shown in Figure 2. R-P3 (bound in the
same orientation of desisobutyrylciclesonide) fits well in the
active site of the GR (Figure 2A). The difference between R-
P3 and R-desisobutyrylciclesonide in the GR-active site is that
the protonated amine group of R-P3 interacts with the GR
through hydrogen bonding with Thr739 and Asn564 and a
cation−π interaction with Tyr735, while the C21-hydroxy
group of R-desisobutyrylciclesonide does not have a cation−π
interaction with Tyr735. In addition, compared to R-
desisobutyrylciclesonide, two fluorine atoms of R-P3 fill the
binding pocket more fully with the GR surface around R-
desisobutyrylciclesonide. This observation may explain the
different potencies observed between the GCs with and
without fluorine at C6 and C9 and the general observation that
fluorinate compounds are relatively more potent. The GR
docking model of R-P3 shows hydrogen bond interactions of
the C3 carbonyl group with Gln570 and Arg611, the C11

hydroxyl with Asn564, one oxygen atom (near C16) of the
dioxolane ring via a water molecule with Gln642, and the C21

protonated amine group with Thr739, Asn564. The molecular
modeling of R-P3 docked in the active site of the GR provided
the foundation for the design and synthesis of new analogues.
Figure 2B depicts the proposed binding mode of R-P12 to the
GR, which predicts a series of hydrogen bond networks
between R-P12 and the GR-active site. Key interactions

Figure 1. Budesonide analogue numbering system and regions focused on molecular modeling.

Figure 2. P3 (orange in 2A) and P12 (pink in 2B) docked in the binding pocket of crystal structure PDB-ID: 4UDD (R-desisobutyrylciclesonide in
green and GR in gray) within the GR binding site. Both A&B were shown overlapping hydrogen bond interactions between the GR and the
ligands: nitrogen atoms in blue, oxygen atoms in red, sulfur atoms in yellow, fluorine atoms in light blue, polar hydrogen atoms in white, and key
hydrogen bonds in yellow dashed lines. 3D modeling results are available in separate supplemental PDB PYMOL files.
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indicated are the C20 carbonyl interacting with Thr739 (Figure
2B). Interestingly, this interaction is not present in the C21

amine series for R-P3 (Figure 2A). Hydrogen bonding is also
predicted between the ether oxygen at C21 of R-P12 and
Thr739, as well as between the p-amino group of the phenoxy
moiety with the hydroxyl side chain of Thr561 and the
backbone carbonyl of Ser746. In addition, a water molecule
mediates hydrogen bonding between an oxygen of the
dioxolane ring (near C16) and Gln642. Finally, hydrogen
bonds of the C3 carbonyl group with Gln570 and Arg611 and
C11 hydroxyl with Asn564 also contribute to the binding of R-
P12 within the active site of the GR. Taken together,
molecular modeling studies of R-P3, R-P12, and the GR-
active site suggest the formation of a complex network of
hydrogen bonds that could translate into the discovery of novel
potent glucocorticoids.
Synthesis of C21 Amino and Phenoxy Derivatives. The

synthesis of C21 amine and C21 phenoxy derivatives of
budesonide and its structurally similar glucocorticosteroid
homologue, flumetasone, are listed in Table 1 and outlined in

Scheme 1. Detailed reaction conditions and yields are provided
in the Experimental Section and/or Supporting Information
section. In general, derivatives IA to IF were either synthesized
according to known procedures or purchased commercially.
C21 derivatives were derived as follows: budesonide (P1, IA),
flumetasone (ID), triamcinolone acetonide (IE), and fluoci-
nolone acetonide (IF) were commercially available. IB and IC
were obtained from IE and IF, separately, by ketal exchange
with butyraldehyde in the presence of perchloric acid (step
i).12 P2 was derived from budesonide (IA); P3, P5, and P6
from fluocinolone acetonide (IB); P4 from triamcinolone
acetonide (IC); and P7 from ID. P2, P3, P4, and P7 were
obtained from a three-step process as follows. The C21

hydroxyl groups of IA to ID were first converted to their
corresponding mesylates (IIA to IID, step ii),13 which were
then displaced by addition of sodium azide (IIIA to IIID, step
iii) followed by subsequent reduction by triphenylphosphine
(step iv). Alternatively, the mesylates (IIA and IIB) were
directly converted to the corresponding amine derivative using
ammonia in methanol (step v for P2) and aniline, which were
derivatives produced using aniline reagents (step vi for P6),
respectively. P5 was obtained by converting the mesylate (IIB)
to N-(p-methoxybenzyl)-P5, followed by deprotection with 1-
chloroethyl carbonochloridate. Aniline derivatives (P8−P14)
were prepared either via a one-step process, by displacing the
mesylates with required phenols under basic conditions, or via
a two-step process, by first reacting mesylates with substituted
nitrophenols, followed by reduction of the nitro group to the
desired amine group by employing iron dust and ammonium
chloride (step vii). P8, P10, S-P10, and R-P10 were obtained
from IIA, P11, P12, R-P12, S-P12, and P13 were obtained
from IIB, and P14 was obtained from IID. P9 was obtained by
exposure of P10 to acetic anhydride (viii). All chiral R- and S-
epimers were obtained either from using chiral reagents or
from chiral supercritical fluid chromatography (SFC) or
preparative high-performance liquid chromatography
(HPLC) separations, as well characterized by chiral HPLC
and 1H NMR (see the Experimental Section and Supporting
Information section). The identification of R- and S-C22

epimers was accomplished by observing van der Waals
interactions (or lack thereof) between H16 and H22 in 1H
NMR spectra. Van der Waals interactions are observed
between H16 and H22 in the S-epimer, where the chemical
shift of H22 shifts downfield to ∼5.23 ppm. For the R-epimer,
H22 is more distal from H16 and no van der Waals interaction is
observed; therefore, the chemical shift of H22 in the R-epimer
is ∼4.65 ppm.14

SAR of C21 Amino Derivatives. All designed analogues
were tested in a cell-free TR-FRET GR competition binding
assay (cell-free assay) and a cell-based GR coactivator
luciferase reporter assay in HEK293/UAS-Luc/pBIND GR
cells (cell-based assay). The bioassay results are listed in Table
1, and the assay details are given in the Supporting Information
section. To compare the potency of the free GR agonists
(payloads) to their corresponding ADCs (evaluated at the 3
day time point in cell-based assays), two time points (48 and
72 h) were chosen to measure the EC50 of the free payloads in
the cell-based assay. Cellular efflux rates were determined by
Caco2 assay (see the Supporting Information).15

Budesonide (P1) demonstrated a mean IC50 of 7.7 nM in
the GR cell-free assay and activated the GR receptor with a
mean EC50 of 3.1 nM in the cell-based assay (72 h). Chiral
separation of each C22 epimer of budesonide revealed that both

Table 1. Structure−Activity Relationship (SAR) of C21

Amine and Phenoxy Derivatives of Budesonide and
Flumetasonea

structures cell-based EC50

cpd # X Y R
cell-free GR
binding IC50 48 h 72 h

P1 H H OH 7.7/21.2* 3.3 3.1

R-P1 H H OH 7.2/11.3* 1.6 2.7

S-P1 H H OH 7.4/20.0* 12.0 22.0

P2 H H NH2 NT/11.3* 13.0 16.4

P3 F F NH2 NT/7.34* 1.17 1.59

R-P3 F F NH2 1.90 0.90 1.47

S-P3 F F NH2 13.2 6.26 11.2

P4 F H NH2 NT 5.71 8.08

P5 F F NHMe 2.7 5.94 4.19

P6 F F NH-Ph-p-NH2 3.7 1.31 1.42

P7 F F NH2 38.7 >100 >100

R-P8 H H O-Ph-p-F 5.2 >100 >100

R-P9 H H O-Ph-p-NHAc 7.4 >100 >100

P10 H H O-Ph-p-NH2 NT/2.6* 1.65 1.53

R-P10 H H O-Ph-p-NH2 0.8 0.98 0.75

S-P10 H H O-Ph-p-NH2 8.8 2.48 2.69

P11 F F O-Ph-m-NH2 4.4 38.6 35.7

P12 F F O-Ph-p-NH2 2.3 0.18 0.11

R-P12 F F O-Ph-p-NH2 0.3 0.17 0.10

S-P12 F F O-Ph-p-NH2 3.4 0.42 0.28

P13 F F O-Ph-p-CH2NH2 5.7 45.7 69.9

P14 F F O-Ph-p-NH2 9.0 6.65 3.42

aEC50 values are mean values (n > 2) from HEK293/UAS-Luc/
pBIND GR cell-based assay. IC50 values are mean values (n > 2) in
LanthaScreen time-resolved fluorescence resonance energy-transfer
(TR-FRET) GR cell-free competition binding assay. *: Data were
performed by Thermo Fisher, indicating that good binding activity is
on the order of P3 > P2 > P1 and P10 > P2. NT, not tested. C22

epimer is the racemate; R- or S-epimer is a single chiral epimer at C22.
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epimers exhibited equivalent GR binding, yet in the cell-based
assay, the C22R epimer (R-P1) displayed an ∼8-fold more
potent agonist activity with an EC50 of 2.7 nM than the C22S

epimer (S-P1) with an EC50 of 22 nM.
Installation of the desired C21 amine group (P2) lowered the

cellular functional activity by ∼5-fold relative to P1. The
reduced cell-based activity of P2 may be attributed to poorer A
to B permeability resulting in a higher efflux ratio when
compared to that of budesonide (1.19 for P1 vs 4.94 for P2).
Interestingly, insertion of a fluorine at C9 (P4) increased
cellular agonist activity by 2-fold relative to P2. Substitution of
fluorine at both C9 and C6 of P1 (P3) further improved
cellular agonist activity (∼5-fold, EC50: 1.59 nM) relative to P4
and ∼10-fold relative to P2. Evaluation of the C22R-epimer and
C22S-epimers of P3 revealed that R-P3 was ∼7-fold more
potent than S-P3 in cell-free assay (IC50: 1.90 nM vs 13.2 nM,
respectively) and 7.6-fold more potent than S-P3 in the cell-
based assay (EC50 = 1.47 nM for R-P3 vs EC50 = 11.2 nM for
S-P3). The improved binding results of R-/S-P3 epimers
relative to R-/S-P1 epimers are likely from the larger size of
fluorine, which our molecular model predicts may provide
optimal space-filling over hydrogen (Figure 2A). These
findings are consistent with a prior report that R-budesonide
is more potent than its S-epimer16 and are consistent with our
finding (EC50 = 2.7 nM for R-P1 vs EC50 = 22 nM for S-P1).
To probe the space available near the C21 amine group, N-

methyl (P5) and N-phenyl-p-amino (P6) were installed off C21

nitrogen. P5 was shown to be less potent than P3, potentially
due to loses of partial H-bonding network with C21 amine;
however, P6 preserved strong binding activity and cell-based
activity as compared to P3 (EC50 = 1.59 nM for P3 vs EC50

=1.42 nM for P6), suggesting that phenyl substituents off the
C21 amine are well tolerated. To evaluate whether substitution
at the C22 dioxolane ring of the budesonide core could improve
potency, an amine derivative of flumetasone, P7, was tested
and found to be considerably less active than its budesonide
analogue (P3, EC50 = 1.59 nM vs >100 nM for P7) and also
exhibited weak GR binding in the cell-free assay (IC50: 38.7
nM), which may be due to the lack of a hydrogen binding
network and/or higher efflux rate (8.57 for P3 vs >16.2 for
P7), indicating that the budesonide scaffold is preferred. In
summary, insertion of an amine group at the C21 position of
budesonide yields potent GR agonists that have the potential
to serve as payloads for new ADCs.

SAR of C21 Phenoxy Derivatives. Molecular modeling
predicts that replacing the C21 amine with a phenoxy (Figure
2B) may result in GR agonists with improved binding affinities.
Indeed, inclusion of a p-aminophenoxy group at C21 (P10)
improved activity in the cell-based activity, as well as the cell-
free binding activity over P1, and showed similar potency to
P6 (Table 1). To evaluate the impact of the amino group for
binding activity, the p-amino group of R-P10 was replaced with
a fluorine (R-P8) and protected to form the acetate (R-P9).
Both R-P8 and R-P9 displayed a 10-fold loss of activity in the

Scheme 1. Synthesis of C21 Amine and C21 Phenoxy Derivatives of Budesonide and Flumetasonea

a(i) Butyraldehyde (1.5 equiv), HClO4 (4.2 equiv), silica gel, heptanes, 10−20 °C, 18 h; (ii) CH3SO2Cl (1.5 equiv), 4-dimethylaminopyridine
(DMAP) (2 equiv), pyridine, 0 °C; or for IIB: CH3SO2Cl (1.5 equiv), Et3N (2 equiv), CH2Cl2, 0 °C, 30 min; (iii) NaN3 (10 equiv), acetone, 50
°C, 18 h, (iv) PPh3 (1.5 equiv), HCl (1 N) in tetrahydrofuran (THF), rt, 18 h; (v) for P2: NH3 in CH3OH (7 M), 40 °C, 18 h; (vi) for P5 from
IIB: PMB-NHCH3, K2CO3 (3.0 equiv), CH3CN, 70 °C, 5 h; then 1-chloroethyl carbonochloridate, chloroform, 70 °C, 1 h; for P6 from IIB: 4-
hydroxyaniline (5 equiv), Et3N (10 equiv), NaI (3.7 equiv), N,N-dimethylformamide (DMF), 70 °C, 5 h; (vii) phenols or nitrophenols (2 equiv),
Cs2CO3 or K2CO3, CH3CN, 60−90 °C, 3 h; then for Boc-P13: trifluoroacetic acid (TFA)/CH2Cl2 and for nitro-precursors: Fe (10 equiv), NH4Cl
(11 equiv), EtOH/H2O, 60−80 °C, 2 h, and (Viii) Ac2O, CH2Cl2.
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cell-free binding assay, which correlates with our model
predictions that a lack of H-bonding with the p-amino on
phenyl group could result in reduced binding activity. Further,
both compounds exhibited substantial loss of activity in the
functional cell-based assay. Replacing C9 and C6 hydrogens
with fluorine in P10 provided P12, which was more potent
than P3 and budesonide (P1) in the cell-based assay (EC50:
0.11 nM for P12) and also had a lower efflux rate compared to
P3 (8.57 for P3 vs 0.86 for P12). Separation of the C22

epimers of P12 revealed R-P12 to be 10-fold more potent than
S-P12 in the cell-free binding assay (IC50: 0.3 vs 3.4 nM) and
∼3-fold more potent in the functional assay (EC50: 0.1 vs 0.28
nM). Our findings regarding binding and cellular activity of R-
and S-epimers of P1, P3, P10, and P12 are consistent with
earlier reports that C22R-epimers of budesonide analogues are
more potent than the C22S-epimers.16

Based on the docking model of P12 in the GR, the binding
pocket was predicted to be encumbered for moving the p-
amino group of P12 to the meta position (P11) or changing
the aromatic p-amino group to an aliphatic amine (P13) by
extension of one carbon. P11 exhibited reduced cellular
functional activity >300-fold relative to P12 (EC50: 35.7 vs
0.11 nM); thus, the para-position of the amino group is
desired. The activity of P13 is reduced (IC50 = 5.7 nM for P13
vs IC50 = 2.3 nM for P12) and its potency in the cell-based
assay is impacted (EC50 = 70 nM for P13 vs EC50 = 0.11 nM
for P12). The lack of agonist activity in the cell-based assay
with P13 may also be attributed to its higher efflux rate (>18.9
for P13 vs 0.86 for P12). To further evaluate whether
substitution at the C22 dioxolane ring of budesonide could
improve potency, the amino group of P7 was replaced with p-
aminophenoxy to form P14. Compared to the corresponding
budesonide analogue P12, P14 was 4-fold less potent in the
GR binding assay and much less active than P12 in the cell-
based assay (EC50= 3.4 nM for P14 vs EC50 = 0.11 nM for
P12), presumably due to its higher efflux ratio (3.78 for P14 vs
0.86 for P12).
In summary, C21 amine-containing substituents are well

tolerated in the GR-active site and can produce more potent
GR agonists than budesonide, as assessed by in vitro GR
binding and cell-based GR activation assays. Budesonide (P1),
P3, and P12 were further evaluated in cell-free competition
binding assays against a panel of 20 related nuclear receptors
and showed IC50 values >1000 nM against all other nuclear
receptors tested except for the progesterone receptor (PR).
Budesonide (P1) and P3 showed comparable activity against
GR and PR in cell-free assays (see the Supporting Information
section). From these SAR analyses, P3 and P12 were chosen
for further evaluation in absorption, distribution, metabolism,
and excretion (ADME), in vitro safety, and in vivo PK studies
to confirm the molecules as optimal payloads for the ADC
approach to inflammatory and autoimmune diseases.
In Vitro Plasma Stability and In Vivo Pharmacokinetic

Study. P3 and P12 were evaluated for stability in mouse and
human plasma.17 P3 exhibited excellent stability in both
human (T1/2 = 38.8 h) and mouse (T1/2 = 4.3 h) plasma and
P12 had good stability in human (T1/2 = 7.68 h) and mouse
(T1/2 = 2.74 h) plasma. Pharmacokinetic data were obtained
for dexamethasone (Dex), P3 and P12, at 1 mg/kg
intraperitoneal (IP) dosing (n = 4 per group in male C57/6j
mice). Mean blood concentration−time profiles of all three
compounds are shown in Figure 3, and the PK parameters are
summarized in Table 2. All three compounds were formulated

using 5% dimethyl sulfoxide (DMSO)/5% Tween-80/20%
PEG400/70% saline for IP administration. Dex was evaluated
because it was later included as a positive control in the in vivo
LPS challenge study. P3 and P12 exhibited exposure levels
(AUC) 5-6x lower than Dex but had comparable terminal T1/2

values (1.6−1.9 h), as compared to Dex. No signs of overt
toxicity were observed for any compound.

In Vivo LPS-Induced TNF-α Challenge. Pharmacody-
namic data for P3 and P12 are shown in Figure 4. P3 and P12
were evaluated in the endotoxin lipopolysaccharide (LPS)-
induced proinflammatory cytokine tumor necrosis factor α
(TNF-α) mouse model in Figure 4.18 P3 and P12, phosphate-
buffered saline (PBS, pH 7.4, control), and Dex (positive
control) were administered IP to C57BL/6j male mice (n = 4
per group) 2 h prior to IP dosing of LPS at 0.5 mg/Kg, which
was considered time zero. At the 2 h post LPS dose, blood was
drawn from the mice and TNF-α levels were measured by the
enzyme-linked immunosorbent assay (ELISA). P12 was also
administered 24 and 48 h predose of LPS, separately, and
TNF-α levels were measured 2 h postdose of LPS. As shown in
Figure 4, Dex administration reduced TNF-α levels by 50%,
while P3 and P12 reduced TNF-α levels by ∼85%. Inhibition
of TNF-α release by P12 was time-dependent and inversely
related to its time of dosing; P12 inhibited TNF-α release by
>50% even 24 h after dosing.

In Vitro Cardiotoxicity and Genotoxicity. P3 and P12
were evaluated for their potential to have cardiotoxic effects
caused by QT prolongation via inhibition of the hERG current.
Using the patch-clamp technique,19 both compounds exhibited
no hERG inhibition (<2%; IC50 > 30 μM), indicating
potentially no cardiotoxicity. To examine their mutagenesis
potential, P3 and P12 were subjected to the mini-Ames
genotoxicity assay.20 TA98 (frameshift mutation) and TA100
(base-pair substitution) are two common strains of Salmonella
typhimurium assessed in Ames testing. In both strains, the
compounds did not induce a ≥2-fold increase in colony
formation in the presence or absence of rat liver fractions (+/−
S9), in concentrations up to 30 μM indicating no evidence for
mutagenic activity.

Synthesis of Linker−Payloads (LPs). P3 and P12 were
attached to a cleavable ADC linker via a carbamate linkage to
evaluate the stability and rate of release of the payload upon
exposure to cathepsin B (CapB). The DIBAC-suc-PEG4-
vcPAB linker was chosen because the vcPAB moiety is
controllably cleaved in the presence of CapB, a lysosomal
cysteine protease.21,22 Synthesis of linker−payloads (LP1 and
LP2, Table 3) was accomplished according to Scheme 2. LP1

Figure 3. Pharmacokinetic graphs of dexamethasones P3 and P12.
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is DIBAC-suc-PEG4-vcPAB-P3 and LP2 is DIBAC-suc-PEG4-
vcPAB-P12. The reactions of payload-amine (P3) or payload-
aniline (P12) with N-Fmoc protected Val-Cit-PAB-PNP (IV),
followed by deprotection of N-Fmoc, generated the carbamates
(VA and VB). Amide coupling of the amine (VA or VB) with
DIBAC-suc-PEG4-carboxylic acid (VI) formed the linker−

payloads, LP1 or LP2, respectively. Due to poor aqueous
solubility of the linker−payloads (LP1 and LP2) in CapB assay
media (<0.1 mg/mL), LP1 and LP2 were quenched with the
highly water-soluble azido−PEG4−SO3H (VIII) via a [3+2]
cycloaddition between the DIBAC moiety in LP1 and LP2
with the azido-moiety in VIII to generate the aqueously soluble

Table 2. Pharmacokinetic Data of Dexamethasones P3 and P12a

dexamethasone P3 P12

PK parameters units mean SD CV (%) mean SD CV (%) mean SD CV (%)

Tmax h 0.625 0.433 69.3 0.25 0 0 0.438 0.375 85.7

Cmax ng/mL 231 7.97 3.45 44.8 4.77 10.6 39.4 1.75 4.43

terminal T1/2 h 1.64 0.187 11.4 1.91 0.21 11 1.69 0.62 36.7

AUClast h*ng/mL 545 60.6 11.1 107 13.6 12.7 84.6 7.71 9.12

AUCINF h*ng/mL 562 67.2 11.9 113 14.1 12.5 89.2 8.2 9.19
aThe definitions of the pharmacokinetics symbols can be found at https://static.springer.com/sgw/documents/1372030/application/pdf/40262_
cpk_symbols.pdf.

Figure 4. TNF-α levels following LPS administration to mice treated with PBS, Dex, P3, or P12.

Table 3. Structures of the Linker−Payloads (LPs) and Quenched Linker−Payloads (q-LPs); the Structures of Payloads Are
Shown in Pink, and the Cleavable Linker Is Shown in Blue

Journal of Medicinal Chemistry pubs.acs.org/jmc Article

https://doi.org/10.1021/acs.jmedchem.1c00541
J. Med. Chem. 2021, 64, 11958−11971

11963



quenched linker−payloads (q-LP1 and q-LP2), which were
highly soluble (>0.5 mg/mL) in water and used in the CapB
cleavage studies.
Cathepsin B (CapB) Cleavage of Linker−Payloads.

The VC-linker was designed to be cleaved by CapB. Quenched
linker−payloads (q-LP1 and q-LP2) at an initial concentration
of 25 μM were incubated in CapB with and without CapB
inhibitor (CA074) for 4 h, separately. Both the quenched
linker−payload and free payloads were evaluated using liquid
chromatography-mass spectrometry (LC-MC)/MS, and the
results are shown in Table 4. In the presence of CapB, q-LP1
released 72% of payload P3 and q-LP2 released 35% of
payload P12. In the presence of CapB and CA074, no payloads
were released. Efficient release of the free payloads (P3 and
P12) from their corresponding linker−payload systems was
demonstrated, thus warranting their further evaluation in
ADC-conjugated systems. In this study, LP1 exhibited a better
cleavable rate over LP2 and was more water-soluble over LP2.

Site-Specific Antibody−Drug Conjugations. Several
organizations reported that microbial transglutaminase
(mTG) was used to efficiently conjugate primary amine-
based substrates to deglycosylated (Q295) or aglycosylated
(N297Q) antibodies.27 MTG is promiscuous with respect to

Scheme 2. Synthetic Route for Linker−Payloads (LP1 and LP2) and Their Corresponding Quenched Linker−Payloads (q-LP1
and q-LP2)a

a(i) payload; HOBt, N,N-diisopropylethylamine (DIEA), DMF, rt, 3 h; (ii) 20% piperidine, DMF, (iii) HATU, DIEA, DMF; (iv) DIEA, DMF, rt,
14 h; (v) CH3CN/H2O, rt, 14 h.

Table 4. Analysis of Payloads Releasing from Quenched
Linker−Payloads (q-LP1 and q-LP2) upon Exposure to
Cathepsin B with and without CapB Inhibitor (CA074) at 4
h

releasing payload

sample

incubate
with or
without
CA074

%
remaining
at 4 h payload# μM

conversion
rate (%)

quenched
LP1

without <0.25 P3 18.05 72.2

with 90.7 <1.00 <1.00

quenched
LP2

without 3.65 P12 8.71 34.8

with 82.12 <0.25 <1.0
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amine-based substrates but has a more restricted recognition of
antibody Q295 and/or Q297-site and catalyzes the site-specific
antibody−drug conjugations via formation of an isopeptide

bond between the amines and the γ-carboxamide on the
antibody-Q-site. Site-specific conjugations were performed
using N297Q-mutated antibodies according to Scheme 3.23

Scheme 3. Conjugation Process for GC-ADCsa

a(i) MTG (25 U/mL; 5U MTG per mg of antibody), azido-dPEG3-amine (≥200 equiv), pH 7−7.4; 37 °C, 4−24 h; and (ii) linker−payload (≥6
equiv), PBS, 5% glycerol, pH 7.4, 6−24 h.

Figure 5. Cell-based activities of anti-PRLR GC-ADCs, free payloads, and unconjugated anti-PRLR antibody in (1) A&D, GR-Luc/PRLR cells
with antigen PRLR expression and GR luciferase reporter; (2) B&E, GR-Luc cells without PRLR expression; (3) PRLR cells without luciferase
reporter (all compounds inactive; data not shown); and (4) C&F, mixture of cells (2) and (3) in a 1:1 ratio.
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A well-characterized aglycosylated anti-PRLR antibody (anti-
PRLR Ab), which has been confirmed to be rapidly
internalized into PRLR-expressing cells and deliver ADC
payloads,24 was selected for the conjugations. A cat allergen,
Fel D1 antibody25 (anti-Fel D1 Ab), was used as an isotype
control antibody. The conjugation process involves two steps.
The first step is microbial transglutaminase (MTG)-mediated
attachment of a small molecular azide−PEG3−amine (NH2−

PEG3−N3) to the antibodies, wherein an excess of the amine
reagent was used to avoid potential cross-linking of antibody
chains. The antibody was mixed with a solution of NH2−

PEG3−N3 (200 mol equiv to the antibody) in BupH, and the
resulting solution was adjusted to pH 7.0−7.4 before mixing
with transglutaminase (25 U/mL; 5U MTG per mg of
antibody). The reaction mixture was then incubated at 37 °C
for 4−24 h with gentle shaking, and the reaction progress was
monitored by electrospray ionization (ESI)-MS. Upon
completion of the reaction, the excess amine reagent and
MTG were removed by size exclusion chromatography (SEC)
to generate the antibody−azide conjugate (Ab−N3). Addition
of NH2−PEG3−N3 at Q295 and Q297 on the two heavy
chains of the N297Q-mutated antibody resulted in a four N3-
tagged conjugate (Ab−N3). The conjugation sites were
identified and confirmed by EEQLinkerYQLinkerSTYR via peptide
sequence mapping of trypsin-digested heavy chains of Ab−N3.
The second step attached the DIBAC-linked payload (LP) to
the N3-tagged conjugate (Ab−N3) via a strain-promoted
azide−alkyne cycloaddition (SPAAC). The conjugate mixtures
were purified by SEC to generate the ADCs in up to 90%
recovery yields. The ESI-MS results of the Ab−N3 reagents
showed 4×201 Da increasing from their corresponding anti-
PRLR Ab and anti-Fel D1 Ab, indicating that both Q295 and
Q297 on the antibodies were conjugated with the amine
reagent. All mass additions of LP1 or LP2 to their
corresponding Ab−N3 were also confirmed by intact ESI-
MS. The results indicated that the two-step conjugation/click
reaction provided site-specific conjugates (ADCs) with
approximately four linker−payloads per antibody (4DAR
ADC) in up to 90% isolated yields when >6 molar equivalents
of the linker−payload (LP1 or LP2) was used.
Antibody-Glucocorticoid (GC) Conjugate Cell-Based

Activity and Bystander Effect. The activity of anti-PRLR
antibody GC conjugates (anti-PRLR GC-ADCs) was evaluated
side by side with their corresponding control anti-Fel D1 Ab
GC conjugates (control GC-ADCs), free payloads (P3 and
P12), and unconjugated anti-PRLR antibody (Ab) from serial
dilutions at concentrations of 5.1−100 nM after 72 h of
incubation in four types of cells: (1) HEK293/UAS-Luc/
pBIND GR/PRLR cells are antigen-positive cells with GR
reporter, aka GR-Luc/PRLR cells; (2) HEK293/UAS-Luc/
pBIND GR cells are antigen-negative cells with GR reporter,
aka GR-Luc cells; (3) HEK293/PRLR cells are antigen-
positive cells devoid of a luciferase reporter, aka PRLR cells;
and (4) mixture of cells (2) and (3) in 1:1 ratio. The results
are shown in Figure 5A−F, with the free payloads shown in
dotted blue lines, the anti-PRLR GC-ADCs shown in solid
blue lines, control ADCs shown in red lines, and unconjugated
anti-PRLR antibody shown in green lines.
The potency of an ADC was compared to its free payload

based on molar concentrations of the free payload. The ADC
concentration was normalized to the free payload concen-
tration based on the ADC−DAR value. For example, for an
ADC with a DAR of 4 (one antibody carries four drugs), the

normalized ADC concentration is 4× its measured ADC
concentration by UV at 280 nm. This is comparable to the free
drug concentration if the payload is efficiently released from
the ADC in the cell-based assay. In PRLR-expressing cells
containing a GR reporter (Figure 5A), the free payload (P3;
EC50: 0.97) is more potent than the anti-PRLR Ab-LP1
conjugate, which had an EC50 of 4.79 nM and showed greater
than 100-fold selectivity over its control Ab-LP1 (EC50 > 42
nM) and unconjugated Ab. In non-PRLR-expressing cells with
a GR reporter (Figure 5B), only free payload P3 exhibited
potent activity (EC50: 0.74 nM). In mixed cell lines of (2) and
(3) (Figure 5C), both free payload P3 (EC50: 1.4 nM) and
anti-PRLR Ab-LP1 (EC50: 2.6 nM) demonstrated similar
activity, whereas the control Ab-LP1 showed no activity (EC50

> 100 nM). These results indicate that the anti-PRLR Ab-LP1
exhibits a bystander effect that involves the release of payload
in the PRLR-expressing cell and then diffusion of the payload
into neighboring cells. Similarly, in cells with the GR reporter
and PRLR expression on the cell surface (Figure 5D), anti-
PRLR Ab-LP2 (EC50: 0.31 nM) demonstrated comparable
potency to its free payload P12 (EC50: 0.22 nM) with greater
than 1000-fold selectivity over its control-ADC (EC50 > 100
nM). In cells with the GR reporter without PRLR expression
on the cell surface (Figure 5E), free payload P12 exhibited
potent activity (EC50: 0.37 nM), whereas its conjugate did not.
In the mixed cells (Figure 5F), potent activity was observed for
both free payload P12 (EC50: 0.41 nM) and anti-PRLR Ab-
LP2 (EC50: 0.44 nM) but not the control Ab-LP2 (EC50 > 100
nM), which is consistent of a bystander effect for anti-PRLR
Ab-LP2. As expected, no luciferase activity was observed for
either free drugs or conjugates in the cells without the GR
reporter, confirming that the assay results are GR-reporter-
dependent. Moreover, a greater selectivity (>1000×) was
observed for anti-PRLR Ab-LP2 over its control, anti-Fel D1
Ab-LP2, vs >100× selectivity for anti-PRLR Ab-LP1 over its
control, anti-Fel D1 Ab-LP1. This observation is attributed to
P12 being a more potent-free payload with a lower efflux rate
than P3. In conclusion, the GC-ADCs demonstrated potent
GR activation and greater than 100-fold selectivity over their
isotype control GC-ADCs in antigen-positive cell lines. Both
GC-ADCs exhibited a bystander effect in mixed antigen-
positive and -negative cell lines.

■ DISCUSSION AND CONCLUSIONS

We have utilized the ADC concept to carry payloads that have
the potential to be used for the treatment of inflammatory and
autoimmune diseases. By conducting an SAR of the
budesonide molecule and simultaneously utilizing molecular
modeling to improve the binding activity of drug analogues,
two lead compounds (P3 and P12) emerged. Both compounds
exhibited a >100-fold selectivity toward the glucocorticoid
receptor (GR) over other nuclear hormone receptors, had
better or identical potency in cell-based assays as compared to
budesonide, demonstrated in vitro safety (no cardiotoxicity in
hERG and no genotoxicity in Ames), exhibited potency in a
proinflammatory in vivo mouse model, and, when attached to
an ADC linker, were sufficiently released in the presence of
cathepsin B. The work herein demonstrates the potential for
both compounds to be used in a targeted manner to deliver the
GR agonists to the desired cells and exert bystander activity on
neighboring nonantigen-expressed cells, thus localizing their
biological action and potentially reducing any side effects that
are caused by systemic exposure. Future work will involve the
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development of novel GC-ADCs for the treatment of
inflammatory and autoimmune diseases.

■ EXPERIMENTAL SECTION

Molecular Modeling Procedure. The binding modes of
compounds R-P3 and R-P12 (Figure 1) with the GR were modeled
using the Schrödinger Drug Discovery Suite 2017.26 The compounds
were prepared using LigPrep, and possible ionization states were
generated at pH 7.0 ± 1.0. For R-P3, the configuration with the
protonated amine group was selected. The cocrystal structure of the
GR in complex with desisobutyrylciclesonide (PDB-ID: 4UDD) was
used as the receptor structure and was prepared using Protein
Preparation Wizard. During protein preparation, only waters 2044
and 2084 located in the binding site were kept, and all other water
molecules were removed. R-P3 and R-P12 were docked to 4UDD
using induced fit docking with the box centered to the centroid of the
ligand in 4UDD.
Cell-Based Assays. A glucocorticoid receptor (GR) coactivator

luciferase reporter cell-based assay was used to analyze the GR
activation by the GCs as a function of time. The HEK293 cell line was
cotransfected with a construct expressing a fusion protein of the GR
ligand-binding domain and the yeast Gal4 DNA domain (pBind GR,
Promega) and a luciferase expression plasmid with Gal4 binding sites
in the promoter region (pGL4.35[luc2P/9XGAL4UAS/Hygro],
Promega). This cell line was referred to as HEK293/UAS-Luc/
pBIND GR cells, which were further engineered to express human
full-length PRLR on the cell surface and were referred to as HEK293/
UAS-Luc/pBIND GR/PRLR cells. In addition, HEK293 cells were
engineered to express human full-length PRLR only as a control cell
line and were referred to as HEK293/PRLR cells. In the assay,
20 000/well of GR reporter cells were seeded in 96-well plates
(Corning) in 80 μL of Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% FBS and penicillin/streptomycin
(complete media) and grown overnight at 37 °C and 5% CO2. For
dose−response curves, serially diluted compounds (20 μL ADC or
free drug) were added to the cells and incubated for 48−72 h at 37
°C. Luciferase activity was determined by the addition of One-Glo
reagent (Promega), and relative light units (RLUs) were measured on
a Victor luminometer (Perkin Elmer). The EC50 values were
determined from a four-parameter logistic equation over a 10-point
response curve using GraphPadPrism.
Synthesis of Analogues. Reagents and solvents were obtained

from commercial sources such as Sinopharm Chemical Reagent Co.
(SCRC), Sigma-Aldrich, Alfa Aesar, or other vendors, unless explicitly
stated otherwise. 1H NMR and other NMR spectra were recorded on
a Bruker AVIII 400 or Bruker AVIII 500. The data were processed
with Nuts software or MestReNova software, measuring proton shifts
in parts per million (ppm) downfield from an internal standard
tetramethyl silane. All reactions were monitored by thin-layer
chromatography (TLC) and LC-MS whenever possible, and all
purified compounds were ≥95% purity based on analytical HPLC.
HPLC (methods A, B, acidic, and basic), chiral HPLC, and ESI-MS
conditions are described in the Supporting Information section.
General Procedure for the Synthesis of Mesylates IB and IC (Step

i in Scheme 1). To a solution of fluocinolone acetonide (IF, 2 mmol)
in heptanes (90 mL) were added silica gel (18 g) and butyraldehyde
(3 mmol) at 10 °C. The suspension was stirred at 10−20 °C for 10
min and then perchloric acid (8.3 mmol) was added dropwise at 0 °C,
and the resulting mixture was stirred at 10−20 °C for 18 h. The
reaction mixture was diluted with petroleum ether and quenched with
sat. aq. sodium carbonate. The suspension was filtered, and the solid
was washed with dichloromethane/methanol (v/v = 1). The
combined filtrate was separated, and the organic layer was
concentrated in vacuo. The residue was purified by flash
chromatography (0−100% ethyl acetate in petroleum ether) to give
IB as a white solid. ESI m/z: 467.1 (M + H)+. The product was
further purified by prep-HPLC (method B) to give C22R-epimer (R-
IB, 39% yield) and C22S-epimer (S-IB, 9% yield) as white solids.

Following the procedure above, IC was obtained from fluocinolone
acetonide (IE) in an 85% yield.

General Procedure for the Synthesis of Mesylates IIA−D (Step ii
in Scheme 1). To a solution of budesonide (IA), IB, IC, or
flumetasone (ID) (1 equiv) in pyridine (10 mL/g of compound) were
added 4-dimethylaminopyridine (2 equiv) and methanesulfonyl
chloride (1.5 equiv) dropwise at 0 °C. After stirring at rt for 2 h,
the mixture was poured into ethyl acetate. The mixture was washed
with diluted aq. hydrochloride (1 N) and brine, dried over sodium
sulfate, and concentrated. The crude product was purified by flash
chromatography (0−2% methanol in dichloromethane) to provide
mesylates IIA−D.

General Procedure for the Synthesis of the Glucocorticoid-
Amines P3, P4, and P7 (Steps iii and iv in Scheme 1). A solution of
IIB, IIC, or IID (1 equiv) and sodium azide (10 equiv) in acetone
(15 mL/g of compound) was stirred at 50 °C for 18 h. After cooling
to rt, the mixture was poured into cold water (1×) and extracted with
ethyl acetate (3×). The combined organic fractions were washed with
brine, dried over sodium sulfate, and concentrated in vacuo to afford
the crude azide derivatives (IIIA−D) as yellow solids. To a solution
of crude IIIB, IIIC, or IIID (1 mmol) in THF (20 mL) and HCl (1
N, 10 mL) at rt was added triphenylphosphine (2.6 mmol), and the
resulting solution was stirred at rt for 18 h. The mixture was
concentrated in vacuo, and the residue was purified by prep-HPLC
(method A) to provide the TFA salt or by prep-HPLC (method B) to
provide the free base of P3, P4, or P7.

Synthesis of Payload P2 (Step v in Scheme 1). A solution of IIA
(0.10 g, 0.20 mmol) in ammonia in methanol (7 M, 15 mL) was
stirred at 40 °C for 18 h. The reaction mixture was concentrated in
vacuo, and the crude was purified by prep-HPLC (method B) to give
P2 (8 mg, 9% yield) as an off-white solid. ESI m/z: 429.9 (M + H)+;
1H NMR (CD3OD, 400 MHz) δ 7.46 (d, J = 10.0 Hz, 1H), 6.26 (d, J
= 10.0 Hz, 1H), 6.02 (s, 1H), 5.22−5.15 (m, 1.5H), 4.58 (m, 0.5H),
4.42 (m, 1H), 3.96−3.81 (m, 1H), 3.50−3.41 (m, 1H), 2.70−2.63
(m, 1H), 2.40−2.37 (m, 1H), 2.22−1.94 (m, 3H), 1.87−1.25 (m,
11H), 1.17−0.80 (8H) ppm.; anal. HPLC: purity is >95%.

Synthesis of Payload P3 (Steps iii and iv in Scheme 1). Following
general procedure for steps iii and iv, P3 (0.56 g, 56% yield in two
steps) was obtained as an off-white solid (TFA salt) from IIB. ESI m/
z: 466 (M + H)+; 1H NMR (400 MHz, DMSO-d6) δ 8.14 (s, 3H),
7.31 (d, J = 10.2 Hz, 1H), 6.31 (dd, J = 10.1 Hz, 1.6 Hz, 1H), 6.11 (s,
1H), 5.71−5.54 (m, 1H), 5.22 (t, J = 4.8 Hz, 0.4H), 5.15 (d, J = 7.6
Hz, 0.4 H), 4.78 (m, 0.6H), 4.67 (t, J = 4.4 Hz, 0.6H), 4.20−4.18 (m,
2H), 3.77 (m, 1H), 2.67−2.50 (m, 1H), 2.28−2.26 (m, 1H), 2.09−
2.01 (m, 2H), 1.87−1.79 (m, 1H), 1.68−1.56 (m, 5H), 1.48 (s, 3H),
1.44−1.31 (m, 2H), 0.87 (t, J = 7.2, 3H), 0.85 (s, 3H) ppm.; anal.
HPLC: purity is 100%.

R-P3 was obtained from R-IIB (30 mg, 66% yield in two steps) as a
white solid TFA salt after purification by prep-HPLC (method A).
ESI m/z: 466 (M + H)+; 1H NMR (500 MHz, DMSO-d6) δ 8.14 (s,
3H), 7.30 (d, J = 10.0 Hz, 1H), 6.31 (dd, J = 10.0 Hz, 1.6 Hz, 1H),
6.11 (s, 1H), 5.71−5.55 (m, 1H), 4.78 (m, 1H), 4.67 (t, J = 4.4 Hz,
1H), 4.22 (m, 1H), 4.20 (d, J = 19 Hz, 1H),, 3.77 (d, J = 19 Hz, 1H),
2.67−2.50 (m, 1H), 2.28−2.26 (m, 1H), 2.09−2.01 (m, 1H), 2.09−
2.01 (m, 2H), 1.68−1.56 (m, 5H), 1.48 (s, 3H), 1.44−1.31 (m, 3H),
0.87 (t, J = 7.2 Hz, 3H), 0.85 (s, 3H) ppm.; anal. HPLC: purity is
100%.

S-P3 was obtained from S-IIB.1 ESI m/z: 466 (M + H); H NMR
(400 MHz, DMSO-d6) δ 8.12 (brs, 3H), 7.30 (d, J = 10.0 Hz, 1H),
6.30 (dd, J = 1.6 Hz, 10.0 Hz, 1H), 6.11 (s, 1H), 5.71−5.54 (m, 1H),
5.22 (t, J = 4.8 Hz, 1H), 5.15 (d, J = 7.6 Hz, 1H), 4.18 (m, 1H), 4.15
(d, J = 19 Hz, 1H), 3.74 (d, J = 19 Hz, 1H), 2.58−2.53 (m, 1H),
2.25−2.22 (m, 1H), 2.03−1.97 (m, 2H), 1.87−1.79 (m, 1H), 1.72−
1.52 (m, 3H), 1.48 (m, 5H), 1.34−1.28 (m, 2H), 0.91 (s, 3H), 0.88
(t, J = 7.2 Hz, 3H).; anal. HPLC: purity is 100%.

Synthesis of Payload P4 (Steps iii and iv in Scheme 1). Following
general procedure of steps iii and iv, P4 (5 mg, 6% yield in two steps)
was obtained from IIC in a 2:1 ratio of C22R/S epimers as a yellow
solid TFA salt after prep-HPLC purification (method A). ESI m/z:
448 (M + H)+; 1H NMR (500 MHz, d6-DMSO) δ 8.04 (s, 3H),
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7.95−7.70 (m, 1H), 7.32 (d, J = 10 Hz, 1H), 6.24 (d, J = 9.0 Hz, 1H),
6.02 (s, 1H), 5.65−5.55 (m, 1H), 5.18 (t, J = 4 Hz, 0.24H), 5.12 (d, J
= 5 Hz, 0.24H), 4.77 (d, J = 5.0 Hz, 0.76H), 4.66 (t, J = 4 Hz, 0.76H),
4.25−4.10 (m, 2H), 3.80−3.70 (m, 1H), 2.65−2.55 (m, 1H), 2.36−
2.30 (m, 1H), 2.05−1.95 (m, 2H), 1.85−1.75 (m, 1H), 1.70−1.55
(m, 4H), 1.48 (s, 3H), 1.40−1.30 (m, 3H), 1.25−1.20 (m, 1H),
0.90−0.80 (m, 6H) ppm.
Synthesis of Payload P5 (Step vi in Scheme 1). To IIB (0.55 g,

1.0 mmol) in acetonitrile (10 mL) were added 4-(methoxybenzyl)-N-
methylamine (0.30 g, 2.0 mmol) and potassium carbonate (0.41 g, 3.0
mmol). The mixture was refluxed (70 °C oil bath) for 5 h, cooled to
rt, and then poured into water and extracted with ethyl acetate. The
combined organic solution was dried over sodium sulfate and
concentrated in vacuo to obtain 200 mg of residue. The residue (30
mg) was dissolved in chloroform (0.4 mL) and placed in a 4 mL
screw-cap vial. To the solution was added 1 drop of 1-chloroethyl
carbonochloridate, and the mixture was stirred at 70 °C in a sealed
vial for 1 h. The volatiles were removed in vacuo, and the residue was
purified by prep-HPLC (method A) to afford P5 (8.0 mg, 9% yield in
two steps) as a white solid. ESI m/z: 480 (M + H)+; 1H NMR (400
MHz, CD3OD) δ 7.34 (d, J = 10.1 Hz, 1H), 6.41−6.26 (m, 2H),
5.68−5.43 (m, 1H), 5.28 (t, J = 4.9 Hz, 0.75H), 5.23 (d, J = 7.4 Hz,
0.75H), 4.76 (m, 0.25H), 4.70 (m, 0.25H), 4.47−4.41 (m, 1H),
4.34−4.30 (m, 1H), 4.07−4.00 (m, 1H), 2.82−2.54 (m, 4H), 2.43−
2.09 (m, 3H), 2.02−1.88 (m, 1H), 1.81−1.34 (m, 10H), 1.10−0.85
(m, 6H) ppm.; anal. HPLC: purity is 99%.
Synthesis of Payload P6 (Step vi in Scheme 1). To a solution of

IIB (0.10 g, 0.18 mmol) in DMF (2 mL) in a screw-cap vial were
added 4-hydroxyaniline (0.10 mg, 0.92 mmol), triethylamine (0.20 g,
2.0 mmol), and sodium iodide (0.10 g, 0.67 mmol). The mixture was
stirred at 70 °C for 5 h and then cooled to rt. The reaction mixture
was purified by prep-HPLC (method A) to give P6 (10 mg, 8% yield)
as a white solid. ESI m/z: 557 (M + H); 1H NMR (500 MHz, d6-
DMSO) δ 9.59 (br s, 3H), 7.37 (d, J = 7.2 Hz, 0.1 H), 7.28 (d, J = 8.4
Hz, 0.9 H), 7.25 (d, J = 7.2 Hz, 0.1H), 7.07 (m, 1.8H), 6.81(m,
0.1H), 6.66−6.60 (m, 2H), 6.31 (dd, J = 8 Hz, 1.8 Hz, 1H), 6.12 (s,
1H), 5.68−5.57 (m, 1H), 5.54 (m, 1H), 5.25 (t, J = 9 Hz, 0.1H), 5.15
(d, J = 6 Hz, 0.1H), 4.80 (d, J = 3 Hz, 0.9H), 4.66 (t, J = 3.6 Hz,
0.9H), 4.36 (d, J = 16 Hz, 0.9H), 4.23 (m, 1.1H), 3.96 (d, J = 16 Hz,
0.9H), 3.87 (d, J = 16 Hz, 0.1H), 2.65−2.58 (m, 1H), 2.28 (m, 1H),
2.15−1.99 (m, 2H), 1.83−1.80 (m, 1H), 1.61−1.34 (m, 10H), 0.90−
0.83 (m, 6H) ppm.; anal. HPLC: purity is >99%.
Synthesis of Payload P7 (Steps iii and iv in Scheme 1). Following

general procedures of steps iii and iv, P7 (0.18 g, 21% yield in two
steps) is obtained as a white solid (TFA salt) from IID. ESI m/z: 410
(M + H)+; 1H NMR (400 MHz, d6-DMSO) δ 8.17 (s, 3H), 7.36 (d, J
= 10.3 Hz, 1H), 6.29 (dd, J = 10.2, 1.7 Hz, 1H), 6.11 (s, 1H), 5.74−
5.54 (m, 2H), 5.42 (s, 1H), 4.28−4.10 (m, 2H), 3.70−3.59 (m, 1H),
3.02−2.89 (m, 1H), 2.58−2.40 (m, 1H), 2.31−2.12 (m, 3H), 1.77−
1.64 (m, 1H), 1.51−1.44 (m, 5H), 1.16−1.06 (m, 1H), 0.91 (s, 3H),
0.82 (d, J = 7.2 Hz, 3H).ppm.; anal. HPLC: purity is >99%.
General Procedure for Making Aniline Derivatives from Their

Mesylates (Step vii in Scheme 1). To hot acetonitrile or acetone
(60−90 °C) were added mesylates IIB or IID (1 equiv),
corresponding phenol (2.0−2.5 equiv), and potassium carbonate or
cesium carbonate (2.0−3.0 equiv). The resulting suspension was
refluxed for 2−3 h, and then the volatiles were removed in vacuo. The
residues were dissolved in water and ethyl acetate. The organic
solution was separated and washed with water and brine, dried over
sodium sulfate, and concentrated in vacuo. The crude products were
purified by flash chromatography or prep-HPLC to give the desired
phenoxy analogues. Reduction of nitro-substituted phenoxy analogues
to the corresponding anilines is described as follows: to a suspension
of iron powder (10 equiv) in ethanol (3 mL/g of iron) and water
(0.75 mL/g of iron) were added the nitro-intermediate (1 equiv) and
ammonium chloride (11 equiv). The resulting suspensions were
stirred at 60−80 °C for 2 h and then cooled to rt, diluted with ethyl
acetate, and filtered through celite. The filtrates were dried over
sodium sulfate and concentrated in vacuo. The residues were purified
by flash chromatography (30−70% ethyl acetate in petroleum ether)

or by prep-HPLC (method B) to provide the desired amines as free
base or by prep-HPLC (method A) to provide TFA salts.

Synthesis of Payload P8 (Step vii in Scheme 1). Following general
procedure of step vii, P8 (14 mg, 54% yield) was obtained as a white
solid after prep-HPLC (method B) from IIA (49 μmol), 4-fluoro-
phenol (0.18 mmol), and potassium carbonate (0.18 mmol) in
acetone (1 mL). ESI m/z: 525 (M + H)+; 1H NMR (400 MHz,
CD3OD) δ 7.47 (d, J = 10.1 Hz, 1H), 7.02 (t, J = 8.7 Hz, 2H), 6.94−
6.90 (m, 2H), 6.27 (dd, J = 10.1, 1.8 Hz, 1H), 6.03 (s, 1H), 5.06 (d, J
= 18.1 Hz, 1H), 4.90−4.88 (m, 1H), 4.82 (d, J = 18.1 Hz, 1H), 4.69
(t, J = 4.4 Hz, 1H), 4.46 (d, J = 2.8 Hz, 1H), 2.71−2.63 (m, 1H),
2.42−2.38 (m, 1H), 2.30−2.11 (m, 2H), 2.05−2.01 (m, 1H), 1.89−
1.84 (m, 1H), 1.77−1.63 (m, 5H), 1.51−1.41 (m, 5H), 1.18−1.02
(m, 2H), 0.97−0.93 (m, 6H) ppm.; anal. HPLC: purity is 100%.

Synthesis of Payload P9 (Step viii in Scheme 1). To a solution of
P10 (50 mg, 96 μmol) in CH2Cl2 (1 mL) was added acetic anhydride
(0.25 mmol) via syringe at 0 °C. The resulting solution was stirred at
10−20 °C for 3 h. The reaction was quenched with methanol, and the
mixture was concentrated in vacuo. The residue was purified by prep-
HPLC (method B) to give P9 (46% yield) as a white solid. ESI m/z:
564.3 (M + H)+; 1H NMR (500 MHz, CD3OD) δ 7.49−7.45 (m,
3H), 6.89 (d, J = 9.0 Hz, 2H), 6.28 (d, J = 10.2 Hz, 1H), 6.04 (s, 1H),
5.09 (d, J = 18.1 Hz, 1H), 4.91−4.89 (m, 1H), 4.83 (d, J = 18.1 Hz,
1H), 4.70 (t, J = 4.3 Hz, 1H), 4.47 (d, J = 3 Hz, 1H), 2.72−2.65 (m,
1H), 2.43−2.39 (m, 1H), 2.30−2.22 (m, 1H), 2.18−2.12 (m, 4H),
2.06−2.03 (m, 1H), 1.90−1.86 (m, 1H), 1.77−1.65 (m, 5H), 1.48
(m, 5H), 1.18−1.09 (m, 1H), 1.07−1.04 (m, 1H), 0.99−0.95 (m,
6H) ppm.; anal. HPLC: purity is 100%.

Synthesis of Payloads P10, S-P10, and R-P10 (Step vii in
Scheme 1). Following general procedure of step vii, P10 (50 mg, 50%
yield) was obtained as a white solid from IIB (0.2 mmol), 4-
nitrophenol (0.4 mmol), and cesium carbonate (0.4 mmol) in
acetonitrile (5 mL). ESI m/z: 522 (M + H)+; 1H NMR (500 MHz,
CD3OD) δ 7.47 (d, J = 10.0 Hz, 1H), 6.78−6.70 (m, 4H), 6.29−6.26
(m, 1H), 6.04 (br s, 1H), 5.25 (t, J = 5.0 Hz, 0.4H), 5.20 (d, J = 7.0
Hz, 0.4H), 5.06 (d, J =18.0 Hz, 0.4H), 4.98 (d, J =18.0 Hz, 0.6H),
4.90−4.87 (m, 0.6 H), 4.75−4.66 (m, 1.6H), 4.46−4.44 (m, 1H),
2.71−2.64 (m, 1H), 2.42−2.38 (m, 1H), 2.28−2.18 (m, 2H), 2.06−
2.00 (m, 1H), 1.87−1.83 (m, 1H), 1.76−1.73 (m, 1H), 1.69−1.61
(m, 3H), 1.55−1.38 (m, 3H), 1.51 (s, 3H), 1.20−1.02 (m, 3H),
0.98−0.92 (m, 5H) ppm. S-P10 and R-P10 were obtained by chiral
SFC separation of P10.

R-P10: ESI m/z: 522 (M + H)+; chiral SFC (CC4): 98.1 de%; 1H
NMR (400 MHz, CDCl3) δ 7.23 (d, J = 10.1 Hz, 1H), 6.79 (dd, J =
8.8 Hz, 2H), 6.65 (d, J = 8.8 Hz, 2H), 6.27 (dd, J = 10.1, 1.7 Hz, 1H),
6.04 (s, 1H), 4.94 (d, J = 4.4 Hz, 1H), 4.89 (d, J = 18.0 Hz, 1H), 4.65
(d, J = 18.0 Hz, 1H), 4.61 (t, J = 4.4 Hz, 1H), 4.48 (d, J = 2.1 Hz,
1H), 3.51 (s, 2H), 2.58 (td, J = 13.3 Hz, 4.9 Hz, 1H), 2.35 (dd, J =
13.4 Hz, 2.8 Hz, 1H), 2.23−1.99 (m, 4H), 1.79−1.61 (m, 6H), 1.46−
1.38 (m, 2H), 1.44 (s, 3H), 1.23−1.09 (m, 2H), 0.95 (s, 3H), 0.93 (t,
J = 7.3 Hz, 3H) ppm.

S-P10: ESI m/z: 522 (M + H)+; chiral SFC (CC4): 99.5 de%; 1H
NMR (400 MHz, CDCl3) δ 7.21 (d, J = 10.1 Hz, 1H), 6.77 (d, J = 8.8
Hz, 2H), 6.63 (d, J = 8.8 Hz, 2H), 6.24 (dd, J = 10.1, 1.6 Hz, 1H),
6.02 (s, 1H), 5.20 (d, J = 6.8 Hz, 1H), 5.18 (t, J = 4.8 Hz, 1H), 4.99
(d, J = -17.9 Hz, 1H), 4.61 (d, J = -17.9 Hz, 1H), 4.43 (s, 1H), 3.46
(s, 2H), 2.57 (td, J = 13.2, 4.4 Hz, 1H), 2.34 (dd, J = 13.4, 3.2 Hz,
1H), 2.16−2.01 (m, 4H), 1.85−1.68 (m, 3H), 1.59−1.49 (m, 3H),
1.44 (s, 3H), 1.44−1.26 (m, 2H), 1.18−1.09 (m, 2H), 1.00 (s, 3H),
0.91 (t, J = 7.3 Hz, 3H) ppm.

Synthesis of Payload P11 (Step vii in Scheme 1). Following
general procedure of step vii, P11 (9.0 mg, 44% yield) was obtained
as a light orange solid after prep-HPLC purification (method A) from
IIB (36 μmol), 3-aminophenol (72 μmol), and cesium carbonate (72
μmol) in acetonitrile (0.5 mL). ESI m/z: 558 (M + H)+; 1H NMR
(500 MHz, CD3OD) δ 7.35 (dd, J = 10.1, 1.3 Hz, 1H), 7.29 (t, J = 8.1
Hz, 1H), 6.76−6.70 (m, 3H), 6.40−6.29 (m, 2H), 5.66−5.48 (m,
1H), 5.14 (d, J = 18.1 Hz, 1H), 4.93−4.91 (m, 1H), 4.90−4.87 (m,
1H), 4.77 (t, J = 4.3 Hz, 1H), 4.35 (d, J = 9.3 Hz, 1H), 2.76−2.62 (m,
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1H), 2.41−2.18 (m, 3H), 1.83−1.56 (m, 9H), 1.50 (dt, J = 15.4, 7.6
Hz, 2H), 0.99−0.96 (m, 6H) ppm.; anal. HPLC: purity is 100%.
Synthesis of Payloads P12, R-P12, and S-P12 (Step vii in

Scheme 1). Following general procedure of step vii, P12 (6.0 mg,
6.3%) was obtained as a white solid after prep-HPLC purification
(method B) from IIB (0.17 mmol), 4-aminophenol (37 mg, 0.34
mmol), and cesium carbonate (0.11 g, 0.34 mmol) in acetone (0.5
mL). ESI m/z: 298 (M/2 + H)+, 558 (M + H)+ (10%); 1H NMR
(400 MHz, DMSO-d6) δ 7.26 (d, J = 10.1 Hz, 1H), 6.67−6.65 (m,
2H), 6.52−6.48 (m, 2H), 6.30 (dd, J = 10.1 Hz, 1.8 Hz, 1H), 6.12 (s,
1H), 5.71−5.57 (m, 1H), 5.53−5.47 (m, 1H), 5.23 (t, J = 4.8 Hz,
0.2H), 5.15 (d, J = 7.2 Hz, 0.2H), 4.97 (m, 1H), 4.79 (m, 0.8H),
4.71−4.67 (m, 1H), 4.70−4.60 (m, 2.8H), 4.21 (m, 1H), 2.67−2.60
(m, 1H), 2.28−2.25 (m, 1H), 2.10−2.01 (m, 2H), 1.79−1.76 (m,
1H), 1.60−1.53 (m, 4H), 1.49 (s, 3H), 1.45−1.41 (m, 1H), 1.39−
1.31 (m, 2H), 0.88 (t, J = 7.6 Hz, 3H), 0.83 (s, 3H) ppm.; anal.
HPLC: purity is 97.4%. S-P12 and R-P12 were also obtained from
chiral separation of P12 or synthesized from enantio-pure starting
materials using the same procedures.
R-P12: ESI m/z: 558 (M + H)+; 1H NMR (500 MHz, d6-DMSO)

δ 7.26 (d, J = 10.1 Hz, 1H), 6.64 (d, J = 8.8 Hz, 2H), 6.50 (d, J = 8.8
Hz, 2H), 6.30 (dd, J = 10.1 Hz, 1.8 Hz, 1H), 6.11 (s, 1H), 5.72−5.55
(m, 1H), 5.51 (d, J = 2.2 Hz, 1H), 4.97 (d, J = 18.4 Hz, 1H), 4.79 (m,
1H), 4.71−4.67 (m, 4H), 4.21 (m, 1H), 2.67−2.60 (m, 1H), 2.28−
2.25 (m, 1H), 2.10−2.01 (m, 2H), 1.77 (d, J = 13.0 Hz, 1H), 1.60−
1.52 (m, 4H), 1.49 (s, 3H), 1.45−1.41 (m, 1H), 1.39−1.31 (m, 2H),
0.87 (t, J = 7.4 Hz, 3H), 0.83 (s, 3H) ppm.; anal. HPLC: purity is
100%.
S-P12: ESI m/z: 558 (M + H)+; 1H NMR (400 MHz, d6-DMSO) δ

7.27 (dd, J = 10.2, 1.0 Hz, 1H), 6.65−6.60 (m, 2H), 6.51−6.47 (m,
2H), 6.30 (dd, J = 10.2, 1.9 Hz, 1H), 6.11 (s, 1H), 5.71−5.67 (m,
1H), 5.52 (t, J = 4.9 Hz, 1H), 5.23 (t, J = 4.9 Hz, 1H), 5.15 (d, J = 7.2
Hz, 1H), 4.99 (d, J = 18.0 Hz, 1H), 4.69 (m, 2H), 4.63 (d, J = 18.0
Hz, 1H), 4.19 (m, 1H), 2.60−2.51 (m, 1H), 2.26−2.23 (m, 1H),
2.09−2.01 (m, 2H), 1.84−1.76 (m, 1H), 1.65−1.56 (m, 4H), 1.49 (s,
3H), 1.49−1.41 (m, 1H), 1.34−1.23 (m, 2H), 0.92−0.78 (m, 6H)
ppm.; anal. HPLC: purity is >99%.
Synthesis of Payload P13 (Step vii in Scheme 1). Following the

general procedure of step vii, a reaction of IIB (0.20 g, 0.36 mmol),
N-Boc-4-aminomethylphenol (0.16 g, 0.72 mmol), and cesium
carbonate (0.23 g, 0.72 mmol) in acetonitrile (4 mL) generated the
Boc-intermediate of P13 (0.20 g, 95% yield) as a brown oil after
purification by flash chromatography (50% ethyl acetate in petroleum
ether). ESI m/z: 594 (M + Na)+. The Boc-intermediate of P13 (30
mg, 45 μmol) was dissolved in CH2Cl2 (2 mL), cooled to 0 °C, and
TFA (0.4 mL) was added dropwise. The resulting mixture was stirred
at rt for 1 h. The volatiles were removed in vacuo, and the residue was
purified by prep-HPLC (method A) to afford P13 (15 mg, 49% yield)
as a white solid. ESI m/z: 572 (M + H)+; 1H NMR (500 MHz,
CD3OD) δ 7.45−7.32 (m, 3H), 7.01−6.96 (m, 2H), 6.41−6.30 (m,
2H), 5.65−5.49 (m, 1H), 5.34−4.73 (m, 4H), 4.37−4.32 (m, 1H),
4.07 (s, 2H), 2.75−2.58 (m, 1H), 2.40−2.15 (m, 3H), 1.86−1.40 (m,
11H), 1.08−0.92 (m, 6H) ppm.; anal. HPLC: purity is 100%.
Synthesis of Payload P14 (Step vii in Scheme 1). Following

general procedure of step vii, P14 (90 mg, 70% yield) was obtained as
a white solid from IID (0.16 g, 0.33 mmol), 4-nitrophenol, and
cesium carbonate (0.80 mmol) in acetone (5 mL). ESI m/z: 502 (M
+ H)+. 1H NMR (500 MHz, d6-DMSO) δ 7.27 (d, J = 10.2 Hz, 1H),
6.59 (d, J = 8.8 Hz, 2H), 6.49 (d, J = 8.8 Hz, 2H), 6.30 (dd, J = 10.1
Hz, 1.7 Hz, 1H), 6.11 (s, 1H), 5.75−5.54 (m, 1H), 5.42−5.39 (m,
1H), 5.22 (s, 1H), 5.07 (d, J = 18.3 Hz, 1H), 4.63 (s, 2H), 4.59 (d, J =
18.3 Hz, 1H), 4.18 (m, 1H), 2.99−2.91 (m, 1H), 2.55−2.43 (m, 1H),
2.25−2.19 (m, 3H), 1.71−1.64 (m, 1H), 1.56−1.43 (m, 5H), 1.15−
1.10 (m, 1H), 0.88 (s, 3H), 0.83 (d, J = 6.0 Hz, 3H) ppm.; anal.
HPLC: purity is 95%.
Synthesis of Linker−Payloads (LP1 and LP2 in Scheme 2). LP1

and LP2 were made in two steps from intermediates VA and VB,
respectively. The first step was the synthesis of VA and VB. To a
solution of P3 (93 mg, 0.20 mmol) in DMF (30 mL) was added
Fmoc-vcPAB-PNP (IV) (0.17 g, 0.22 mmol), hydroxybenzotriazole

(HOBT, 41 mg, 0.30 mmol), and DIPEA (52 mg, 0.40 mmol) at rt.
The mixture was stirred at 18−30 °C for 3 h, and then piperidine
(0.30 mL) was added and the mixture was stirred at 18−30 °C for 1
h. The reaction mixture was filtered and purified by reversed-phase
flash chromatography (50−80% acetonitrile in aq. ammonium
bicarbonate (10 mM)) to give compound VA as a white solid (0.13
g, 73% yield). ESI m/z: 871 (M + H)+; 1H NMR (400 MHz, DMSO-
d6) δ 10.13 (s, 1H), 8.18−8.10 (m, 1H), 7.60 (d, J = 8.4 Hz, 2H),
7.43 (t, J = 5.8 Hz, 1H), 7.30 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 10.1 Hz,
1H), 6.31 (dd, J = 10.1, 1.5 Hz, 1H), 6.11 (s, 1H), 5.98 (t, J = 5.3 Hz,
1H), 5.74−5.54 (m, 2H), 5.41 (s, 2H), 4.98 (s, 2H), 4.82−4.72 (m,
1H), 4.59 (t, J = 4.1 Hz, 1H), 4.52−4.43 (m, 1H), 4.33−4.08 (m,
2H), 3.90−3.77 (m, 1H), 3.11−2.88 (m, 3H), 2.71−2.53 (m, 1H),
2.34−2.19 (m, 1H), 2.12−1.88 (m, 4H), 1.82−1.53 (m, 7H), 1.49 (s,
3H), 1.46−1.27 (m, 5H), 0.96−0.72 (m, 13H) ppm. By using the
same method as above, VB was obtained as a white solid (80 mg, 64%
yield) from P12 (87 mg, 0.15 mmol). ESI m/z: 963 (M + H)+; 1H
NMR (500 MHz, d6-DMSO) δ 10.22 (s, 1H), 9.57 (s, 1H), 8.69 (d, J
= 7.5 Hz, 1H), 8.08 (s, 3H), 7.61 (d, J = 6.8 Hz, 2H), 7.36 (d, J = 6.8
Hz, 3H),7.27 (d, J = 8.0 Hz, 1H), 7.22−7.0 (m, 1H), 6.84 (d, J = 7.2
Hz, 2H), 6.30 (dd, J = 8.0 Hz, J = 1.6 Hz, 1H), 6.11 (s, 1H), 6.10−6.0
(m, 1H), 5.72−5.55 (m, 1H), 5.52 (s, 1H), 5.48 (s, 1H), 5.16−5.05
(m, 3H), 4.88−4.80 (m, 1H), 4.80−4.76 (m, 1H), 4.75−4.70 (m,
1H), 4.55−4.48 (m, 1H), 4.25−4.20 (m, 1H), 3.70−3.60 (m, 1H),
3.12−2.90 (m, 2H), 2.70−2.55 (m, 1H), 2.40−2.20 (m, 1H), 2.15−
2.0 (m, 3H), 1.86−1.75 (m, 1H), 1.75−1.65 (m, 1H), 1.64−1.54 (m,
5H), 1.49 (s, 4H), 1.46−1.34 (m, 4H), 0.97−0.91 (m,5H), 0.90−0.85
(m, 4H), 0.85−0.80 (m, 3H) ppm.

The second step is the synthesis of LP1 and LP2 from VA and VB,
respectively. To a solution of DIBAC-suc-PEG4-acid (VI, 33 mg, 60
μmol) in DMF (3 mL) were added HATU (25 mg, 66 μmol) and
DIPEA (32 mg, 0.25 mmol) at rt. The mixture was stirred for 30 min
followed by the addition of a solution of VA or VB (43 mg, 50 μmol)
in DMF (2.5 mL). The resulting mixture was stirred at rt for 2 h,
filtered, and purified by prep-HPLC (5−95% acetonitrile in aq.
ammonium bicarbonate (10 mM)) to give LP1 (16 mg, 23% yield) or
LP2 (20 mg, 22% yield) as white solids. For LP1, ESI m/z: 1406 (M
+ H)+; 1H NMR (d6-DMSO, 500 MHz) δ 9.99 (s, 1H), 8.11 (d, J =
7.5 Hz, 1H), 7.88 (d, J = 8.5 Hz, 1H), 7.80−7.75 (m, 1H), 7.70−7.66
(m, 1H), 7.65−7.60 (m, 3H), 7.53−7.33 (m, 6H), 7.33−7.28 (m,
3H), 6.30 (dd, J = 10.0 and 1.5 Hz, 1H), 6.11 (s, 1H), 6.10−6.00 (m,
1H), 5.72−5.55 (m, 2H), 5.41 (s, 2H), 5.05−5.01 (m, 1H), 4.97 (s,
2H), 4.80−4.72 (m, 1H), 4.60−4.58 (m, 1H), 4.43−4.33 (m, 1H),
4.25−4.10 (m, 3H), 3.88−3.80 (m, 1H), 3.65−3.55 (m, 3H), 3.50−
3.40 (m, 12H), 3.30−3.25 (m, 2H), 3.12−2.90 (m, 4H), 2.70−2.55
(m, 2H), 2.48−2.35 (m, 2H), 2.30−2.20 (m, 2H), 2.15−1.95 (m,
4H), 1.86−1.65 (m, 3H), 1.64−1.54 (m, 5H), 1.49 (s, 4H), 1.46−
1.34 (m, 5H), 0.90−0.80 (m, 12H) ppm.; anal. HPLC: 100%. For
LP2, ESI m/z: 1499 (M + H)+; 1H NMR (400 MHz, d6-DMSO) δ
10.02 (s, 1H), 9.59 (s, 1H),8.14 (d, J = 7.6 Hz, 1H), 7.88 (d, J = 8.8
Hz, 1H), 7.80−7.75 (m, 1H), 7.70−7.66 (m, 1H), 7.65−7.60 (m,
3H), 7.53−7.45 (m, 3H), 7.40−7.28 (m, 7H), 6.84 (d, J = 9.2 Hz,
2H), 6.30 (dd, J = 10.4 Hz, J = 1.6 Hz, 1H), 6.11 (s, 1H), 6.10−6.0
(m, 1H), 5.72−5.55 (m,1H), 5.52 (s, 1H), 5.43 (s, 2H), 5.16−5.05
(m, 4H), 4.88−4.70 (m, 3H), 4.43−4.33 (m, 1H), 4.25−4.20 (m,
2H), 3.65−3.55 (m, 3H), 3.50−3.40 (m, 12H), 3.30−3.25 (m, 2H),
3.12−2.90 (m, 4H), 2.70−2.55 (m, 2H), 2.48−2.43 (m, 1H), 2.40−
2.35 (m, 1H), 2.30−2.20 (m, 2H), 2.15−1.95 (m, 4H), 1.86−1.75
(m, 2H), 1.64−1.54 (m, 5H), 1.49 (s, 4H), 1.46−1.34 (m, 4H), 1.23
(s, 2H), 0.90−0.80 (m, 12H) ppm.; anal. HPLC: purity is 100%.

Synthesis of Quenched Linker−Payload (q-LP1 and q-LP2 in
Scheme 2). The quenched linker−payloads (q-LP1 and q-LP2) were
prepared from LP1 and LP2, respectively, via a strain-promoted
azide−alkyne cycloaddition (SPAAC) reaction between LP1 or LP2
with azido−PEG4−SO3H (VIII). The building block azido−PEG4−

SO3H (VIII) was prepared from commercial reagent VII. To a
solution of VII (0.58 g, 1.5 mmol) in DMF (10 mL) were added
taurine (0.23 g, 1.8 mmol) and DIEA (0.58 g, 4.5 mmol). The
reaction mixture was stirred at rt for 18 h. The resulting mixture was
directly purified by prep-HPLC (method A) to give VIII (0.56 g, 94%
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yield) as a colorless oil. ESI m/z: 399 (M + H)+. To a solution of LP1
(5.9 mg, 4.2 μmol) in acetonitrile (0.5 mL) was added a solution of
VIII (8.4 mg, 21 μmol) in water (0.5 mL). The mixture was stirred at
rt for 18 h and was then directly purified by prep-HPLC (method B)
to give q-LP1 (3.8 mg, 50% yield) as a white solid. ESI m/z: 902.5
(M/2 + H)+; anal. HPLC: purity is >99%, Rt 7.16 min. Using the
same procedures as described above, q-LP2 (6.5 mg, 51% yield) was
obtained as a white solid from LP2 (10 mg, 6.7 μmol) and VIII (5.0
mg, 13 μmol). ESI m/z: 949 (M/2 + H)+; anal. HPLC: purity is 96%,
Rt 7.14 min.
Conjugation of Azido-Functionalized Antibody (Ab−N3 in

Scheme 3). Aglycosylated antibody with a human IgG1 isotype was
mixed with a solution of azido−PEG3−amine (200 mol equiv to the
antibody, F.W. 218.26) in BupH, and the solution was adjusted to pH
7.0−7.4 with conc. HCl. Transglutaminase (5U MTG per mg of
antibody obtained either from Zedira, Darmstadt, Germany, or
ACTIVA TI from Ajinomoto) in PBS buffer was added to obtain a
final concentration of the antibody of 0.5−10 mg/mL. The solution
was incubated at 37 °C for 4−24 h, while gently shaking, and the
progress of the reaction was monitored by ESI-MS until the parental
antibody was consumed. The excess amine and MTG were removed
by size exclusion chromatography (SEC) to generate the site-specific
antibody−azide conjugate (Ab−N3).
Site-Specific Antibody−Drug Conjugates via Click Chemistry

Reactions (in Scheme 3). A site-specific antibody conjugate with
linker−payload LP1 or LP2 was prepared by incubating Ab−N3 (1−
10 mg/mL) in PBS (pH 7.4) with >6 molar equivalents of LP1 or
LP2 in DMSO, DMF, or N,N-dimethylacetamide (DMA) at a
concentration of 10 mg/mL, resulting in the reaction mixture
containing ∼5−20% organic solvent (v/v). The mixture was stirred at
24−37 °C for 1−6 h. The progress of the reaction was monitored by
ESI-MS, and the absence of Ab−N3 indicated the completion of the
conjugation. The excess amount of LP1 or LP2 and organic solvent
were removed by SEC (Superdex 200 HR, GE Healthcare) in PBS
buffer. The purified conjugates were concentrated by ultracentrifuga-
tion and characterized by SEC, sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), and ESI-LC-MS.
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ABSTRACT: In an effort to examine the utility of antibody−drug
conjugates (ADCs) beyond oncology indications, a novel phosphate
bridged Cathepsin B sensitive linker was developed to enable the
targeted delivery of glucocorticoids. Phosphate bridging of the
Cathepsin B sensitive linkers allows for payload attachment at an
aliphatic alcohol. As small molecule drug-linkers, these aqueous
soluble phosphate containing drug-linkers were found to have robust
plasma stability coupled with rapid release of payload in a lysosomal
environment. Site-specific ADCs were successfully made between
these drug-linkers and an antibody against human CD70, a receptor specifically expressed in immune cells but also found
aberrantly expressed in multiple human carcinomas. These ADCs demonstrated in vitro targeted delivery of glucocorticoids to a
representative cell line as measured by changes in glucocorticoid receptor (GR) mediated gene mRNA levels. This novel linker
expands the scope of potential ADC payloads by allowing an aliphatic alcohol to be a stable, yet cleavable attachment site. This
phosphate linker may have broad utility for internalizing ADCs as well as other targeted delivery platforms.

■ INTRODUCTION

In recent years, antibody drug conjugates (ADCs) have
received widespread attention, particularly in the field of
oncology, with the approvals of Adcetris and Kadcyla. Many
additional ADCs are in clinical trials, exclusively in oncology.
These ADCs are composed of three components: a cytotoxic
payload to destroy the cancer cell, an antibody to target the
delivery of the payload to the cancer cell, and a linker to attach
the payload to the antibody and allow its release within the
targeted cell. It is important that the ADC linker is
bioorthogonal in nature, being stable in circulation to avoid
nonspecific release but rapidly degrading to release payload
once internalized in a lysosome. A leading linker design in the
ADC field utilizes enzymatic means to release free payload, as
exemplified with Adcetris1 (1, Figure 1). This linker strategy
was designed to exploit the lysosomal cysteine protease
Cathepsin B to promote the release of payload from the
antibody, although recent studies suggest other cysteine
proteases may also play a role in cleavage.2 This is achieved
by inserting a dipeptide sequence recognized and cleaved by
the enzymes into a linker with a self-immolative spacer. Due to
the limited payload diversity among the oncology focused
ADCs, this strategy has only been employed for select cytotoxic
payloads with linker attachment to either a basic nitrogen (e.g.,

MMAE,1 Doxorubicin3) or a phenol functionality (e.g.,
duocarmycins).4

As part of an effort to expand the use of ADCs beyond the
field of oncology, we pursued the targeted delivery of
glucocorticoid steroids to immune cells for the potential
treatment of immunological diseases.5 The payload selected for
this research was budesonide6 due to its impressive potency
and short circulating half-life, which would aid in limiting
systemic concentrations and further decrease the risk of
undesired effects. Given its clinical validation and potential to
deliver unmodified budesonide, the Cathepsin B linker strategy
was selected for our effort.
This report details three distinct approaches (2−4, Figure 1)

to adapt the Cathepsin B linker strategy to the aliphatic alcohol
of budesonide that differ only in their self-immolative spacer.
Through a comparison of these designs, we describe the
discovery of novel, phosphate based cathepsin B sensitive
linkers (CatPhos linkers) with high blood stability, rapid
lysosomal cleavage, and good aqueous solubility attached via
the aliphatic alcohol of a payload.
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■ RESULTS AND DISCUSSION

Design and Evaluation of Phosphate Containing
Cathespin Sensitive Linkers. The Cathepsin B linker system
was chosen for the selective delivery of glucocorticoids due to
its ability to release free, unaltered payload. Due to the sensitive
nature of the budesonide−glucocorticoid receptor (GR)
interaction, it was imperative that unmodified budesonide
would be released to avoid affecting budesonide’s transcription
profile or affinity for the GR. The Cathepsin B linker system,
however, has not been previously applied to a payload with an
alcohol as an attachment point to produce an ADC, although
an alcohol attached model paclitaxel drug-linker has been
reported.7 Three approaches were explored to apply the
Cathepsin B linker strategy to budesonide (Figure 2).
In a first approach, the Cathepsin B linker used for MMAE

type payloads1 was directly applied to budesonide (7). This
linker utilizes a p-aminobenzyl alcohol (PAB) to form a stable
carbamate with amine cytotoxins which undergoes self-
immolation upon Cathepsin B cleavage to release an
azaquinone methyne, CO2, and the free payload.8 In the case
of budesonide, this linker results in a carbonate connection
instead of a carbamate as was previously reported with
paclitaxel.7 In the second design, the same PAB spacer was
linked to budesonide via an ethylene diamine spacer similar to a
design used for duocarmycin derivatives.4 Unlike duocarmycin
which is attached to the payload’s phenol, budesonide is
attached via an aliphatic alcohol. In the case of duocarmycin,

after Cathepsin cleavage and PAB release, the amine undergoes
intramolecular cyclization forming a 5-membered cyclic
imidazolinone and free payload is generated.4 In considering
budesonide, we were concerned that the amine may not
displace budesonide, since aliphatic alcohols are generally less
efficient leaving groups than phenols. In order to test the self-
immolating potential of this approach, the carbamate 6 was first
synthesized and examined. Stability tests of 6 revealed that this
design is too chemically stable to undergo the necessary self-
immolation (see SI). As a final design, based on our previous
research with phosphate based ADC linkers,9 we also decided
to pursue a new strategy, utilizing phosphate bridging (8a, 8b).
Upon Cathepsin B cleavage and spontaneous loss of PAB from
this linker, a phosphate containing budesonide species (9a/9b)
would result. The terminal phosphate(s) could then be cleaved
by phosphatases to release free budesonide. This alternative
design would allow for the incorporation of both the cathepsin
B sensitive dipeptide and the glucocorticoid steroid in a
solubility enhancing manner. All three linker approaches were
designed to terminate in a strained cycloalkyne, which can
undergo site-specific copper-free cycloaddition10 to the p-azido
phenylalanine unnatural amino acids that were incorporated
into the antibodies11 used in this research.

Synthesis of Drug Linkers. Synthesis of Phosphate
Containing Budesonide Cathepsin B (CatPhos) Linkers. The
synthesis of the budesonide phosphate Cathepsin B linker 8a
was accomplished according to Scheme 1. Budesonide and the

Figure 1. Cathepsin B cleavable ADC linker and potential application to budesonide.

Figure 2. Budesonide containing Cathepsin B cleavable linkers with self-immolative spacers.
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Scheme 1. Synthesis of Budesonide Phosphate Cathepsin B Cleavable Linker Molecule 8a

Scheme 2. Synthesis of Budesonide Pyrophosphate Cathepsin B Cleavable Linker Molecule 8b
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commerically available Fmoc protected valine-citrulline-PAB 10
were joined together in a one-pot three step method. First,
commerical 10 is converted to a phosphoramidite using 2-
cyanoethyl tetraisopropylphosphorodiamidite and tetrazole.
Once the phosphoramidite is formed, budesonide and 5-
(ethylthio)-tetrazole are introduced, the latter of which
activates the phosphoramidite to attack by the budesonide
giving a budesonide PAB-citrulline-valine phosphite species.
This species is then oxidized to the phosphate using t-butyl
peroxide. Direct purification with high pH reverse phase
conditions yields the intermediate 11 in modest yield.
Treatment of 11 with DBU in dichloromethane at room
temperature removed both the Fmoc and cyanoethyl protecting
groups to give 12 in moderate yield. EDC coupling of 12 with
2-(cyclooct-2-yn-1-yloxy)acetic acid12 provided the desired
budesonide linker 8a in modest yield.
The synthesis of the budesonide pyrophosphate Cathepsin B

linker was accomplished according to Scheme 2. The approach
to the pyrophosphate linker involved the coupling of a terminal
phosphate to an alcohol in a similar one pot fashion as the
monophosphate linker 8a. To create the necessary phosphate
intermediate, budesonide was treated with diphosphoryl
chloride in THF at low temperature, which upon work up
gave budesonide phosphate 9a in high yield. After conversion
of 10 to the phosphoramidite, the budesonide phosphate (9a)
was introduced and coupled using 5-(ethylthio)-tetrazole,
followed by oxidation with t-butyl peroxide. In a fourth step,
DBU was added to the reaction deprotecting both the Fmoc
and the cyanoethyl groups. Upon direct purification this four-
step, one-pot procedure provided intermediate 13 in modest
yields. The final coupling step with 2-(cyclooct-2-yn-1-yloxy)-
acetic acid was conducted with HATU in DMF due to the low
dichloromethane solubility of the pyrophosphate intermediate
13 to give the desired budesonide pyrophosphate Cathepsin
linker 8b. For the synthesis of carbonate 5 and carbamate 6 see
SI.
Bioconjugation of Phosphate Containing Cathespin

Sensitive Linkers. To achieve proof of concept in targeted
delivery of glucocorticoids to immune cells, α-human CD70
antibodies were chosen due to CD70 expression on T-cells and
its literature precendent as an ADC.13,14 CatPhos drug-linkers
8a and 8b and carbonate bridged linker 5 were conjugated to
an α-human CD70 antibody (2h5, IgG1)15 and an α-RSV
antibody as a negative control (based on Synagis with a H32Y
mutation on the heavy chain to further decrease binding to
RSV F protein, IgG1/Kappa isotope11) to produce antibody−
drug conjugates. Specifically, the drug-linkers were conjugated
to the unnatural amino acid para-azido-phenylalanine (pAF)
replacing the alanine at position 1 of CH1 (HA114) of the
antibody using copper-free 3 + 2 cycloaddition chemistry
(previously described10). It was during these conjugation
reactions that the most significant differences between the
phosphate containing linkers and carbonate bridged linker 5
were observed.
Conjugation of the α-human CD70 antibody with both

CatPhos linkers 8a and 8b resulted in ADCs of high
monomeric content, a DAR of 1.9, and low residual drug-
linker after purification (Table 1) An analogous set of α-RSV
(IgG1-HA114-pAF3) 8a and 8b conjugates were also produced
with similar result. Conversely, attempts to conjugate the
carbonate linker 5 with the α-human CD70 antibody under
identical conditions resulted in material with significant
aggregation and a low DAR. Upon addition of drug-linker 5

to the conjugation reacton, immediate precipation was noted
suggesting that the aqueous solubility of carbonate linker 5 is
insufficient to support bioconjugation. This demonstrates that
incorporation of the phosphate(s) into the linker provides
drug-linkers that possess adequate aqueous solubility to
overcome this limitation and faciliate conjugation to an
antibody avoiding aggregation despite containing a lipophilic
steroid payload.

Stability Screening of Phosphate Containing Cathespin
Sensitive Linkers. These drug linkers were evaluated as small
molecules for their bioorthogonal nature (blood stable vs
lysosomal cleavage) under the assumption that if the
unconjugated small molecule drug linker was stable in blood
and reactive in lysosomes, it would retain those properties as an
antibody conjugate. Therefore, if these unconjugated drug
linkers did not release budesonide in a lysosomal environment
as small molecules, or if budesonide was released in blood it
was assumed that they would not perform well as antibody
conjugates. To test this approach, stability assays that measured
the appearance of budesonide were conducted in blood
(human) and purified lysosomal lysates (rat). These lysosomal
lysates have been used previously to evaluate ADC stability for
cathepsin-sensitive linkers.8

Small molecule CatPhos linkers 8a and 8b were examined for
stability in human blood along with carbonate bridged linker 5.
Both of these phosphate bridged linkers remained intact for the
6 h incubation, with mininal free budesonide observed. The
carbonate linker did show small payload loss at the 6 h time
measurement (see SI). The results of incubation of CatPhos
linkers 8a and 8b in rat lysosomal extracts is shown in Figure 3.
Both 8a and 8b showed rapid production of free budesonide
when incubated in lysosomes. Budesonide monophosphate was
also transiently observed with both drug linkers. This suggests a
two-step mechanism in which cathepsins first cleave the drug
linkers to produce budesonide phosphate which is then
degraded by phosphatases to liberate free budesonide. In the
case of 8b, there may be competition in the initial stage
between cathepsin mediated cleavage, and separate enzymatic
cleavage of the pyrophosphate which has previously been
demonstrated.9

In Vitro Evaluation of ADCs. A cellular assay using CD70-
positive 786-O cells measuring GILZ mRNA expression was
developed to examine glucocorticoid receptor (GR) target
engagement and test the performance of site-specific ADCs
carrying glucocorticoid payloads such as budesonide.9 The
ADCs aCD70-8a and aCD70-8b were evaluated for their ability
to increase GILZ mRNA expression in this assay. The
analogous set of conjugates produced with α-RSV (IgG1-
HA114-pAF3) using the same positional mutation provided
matched negative controls (denoted as RSV-8a and RSV-8b
below).
As shown in Figure 4, both aCD70-8a and aCD70-8b show

significant expression of GILZ mRNA in 786-O cells after 18 h

Table 1. Characterization of α-hCD70-Conjugates and α-
RSV Controls

ADC monomeric content residual linker DAR

aCD70−8a 98.3% <0.06% 1.9

aCD70−8b 98.3% <0.08% 1.9

aRSV−8a 99.4% <0.09% 1.7

aRSV−8b 99.5% <0.10% 1.7

aCD70−5 92.7% n/d 0.11
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incubation in a dose-dependent manner with EC50 values
similar to budesonide (Table 2). The same drug-linkers as
conjugates with the negative control α-RSV were inactive in
786-O cells except at the highest concentration. We attribute
this weak activity of the α-RSV-conjugates to reflect nonspecific
uptake of the ADCs at high concentration as has been generally
observed in other ADC publications.14 This data supports the

conclusion that targeted delivery has been achieved in CD70-
positive cells with an α-hCD70 mAb using these novel
phosphate bridged linkers, and that cellular activity of these
ADCs correlates with the ability of the drug-linkers to be
cleaved in a lysosomal environment.

■ CONCLUSIONS

Three designs were studied to apply the leading cathepsin B
linkers to the hydroxy group of budesonide. The carbamate
linker 6 approach resulted in a carbamate connection which
proved too stable for intramolecular cyclization and, therefore,
did not release free budesonide. In the case of the carbonate
linker 5, the carbonate showed signs of blood instability and the
drug-linker did not possess sufficient aqueous solubility to
support conjugation to antibodies. In the case of an aliphatic
alcohol payload such as budesonide, diester based phosphates
instead of carbonate/carbamate attachments proved a superior
approach. We have described novel, phosphate based cathepsin
B sensitive linkers with high blood stability, rapid lysosomal
cleavage, and aqueous solubility which can support bioconju-
gation and produce stable ADCs containing lipophilic payloads.
These ADCs that contain a phosphate bridged cathepsin B
sensitive dipeptide have demonstrated targeted release in vitro.
Furthermore, this linker design expands the scope of ADC
payload options by exploiting attachment via the aliphatic
alcohol of a payload. This linker design with unique payload
attachment can contribute to the field of ADCs as well as in
broader areas of bioconjugation and targeted delivery.

■ EXPERIMENTAL SECTION

Chemical Synthesis of Budesonide CatPhos Linkers.
(9H-Fluoren-9-yl )methyl ( (2S)-1-( ( (2S)-1-( (4- (( ( (2-
cyanoethoxy)(2((6aR,6bS,7S,8aS,8bS,11aR,12aS,12bS)-7-hy-
droxy-6a,8a-dimethyl-4-oxo-10-propyl-2,4,6a,6b,7,8,8a,8-
b,11a,12,12a,12b-dodecahydro-1H-naphtho[2′,1′:4,5]-
indeno[1,2-d][1,3]dioxol-8b-yl)-2-oxoethoxy)phosphoryl)-
oxy)methyl)phenyl)amino)-1-oxo-5-ureidopentan-2-yl)-

Figure 3. Rat lysosomal lysate conversion of budesonide CatPhos linkers to Budesonide.

Figure 4. Cellular activity of αCD70-8a and αCD70-8b and control
αRSV-ADCs carrying budesonide in 786-O cells.

Table 2. Potency for α-hCD70-Conjugates with α-RSV
Controls

cmpd/ADC EC50/IP (nM) Emax

aCD70−8a 1.26 8

aCD70−8b 4.12 12

aRSV−8a 184.4 8

aRSV−8b 139.6 8

Budesonide 0.4 12
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amino)-3-methyl-1-oxobutan-2-yl)carbamate (11). To a
stirred solution of 10 (0.20 g, 0.33 mmol) in DMF (4.7 mL)
was added 3-((bis(diisopropylamino)phosphino)oxy)-
propanenitrile (0.11 g, 0.37 mmol). To this mixture was
added 0.45 M tetrazole in acetonitrile (0.81 mL, 0.37 mmol)
dropwise and the resulting mixture was stirred for 20 min at
room temperature. To this was added budesonide (0.22 g, 0.50
mmol) and 5-(ethylthio)-1H-tetrazole (0.09 g, 0.67 mmol) and
allowed to stir to 30 min at room temperature. To this was
added 6 M tert-butyl hydroperoxide in decane (0.12 mL, 0.73
mmol) and allowed to stir at room temperature for 1 h. The
crude reaction was loaded directly onto silica gel and flash
column separation using a 0−100% ethyl acetate/hexane
gradient followed by a 0−50% isopropanol/DCM gradient
gave 11 as a solid. (0.10 g, 27%) LRMS (ES) (M+H)+:
observed = 1147.7, calculated = 1147.2.
4-((S)-2-((S)-2-amino-3-methylbutanamido)-5-ureido-

pentanamido)benzyl (2((6aR,6bS,7S,8aS,8bS,11aR,-
12aS,12bS)-7-hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-
naphtho[2′,1′:4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-2-oxoeth-
yl)hydrogen phosphate (12). To a stirred solution of 11 (0.10
g, 0.09 mmol) in DCM (1.8 mL) was added DBU (0.05 mL,
0.35 mmol) and the resulting solution was stirred 20 min at
room temperature. The reaction was concentrated and
dissolved in a 2:1:1 methanol:water:acetonitrile mixture and
syringe filtered. The filtrate was purified using reverse phase
preparative chromatography (Phenomenex Gemini − NX C18
OBD 5 μM 30 × 100 mm; 10−50% MeCN/water w/0.1%
NH4OH modifier over 20 min) to give 12 as a solid (42 mg,
53%). LRMS (ES) (M+H)+: observed = 872.6, calculated =
871.9.
4-((2S)-2-((2S)-2-(2-(cyclooct-2-yn-1-yloxy)acetamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (2-
((6aR,6bS,7S,8aS,8bS,11aR,12aS,12bS)-7-hydroxy-6a,8a-di-
methyl-4-oxo-10-propyl-2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-
dodecahydro-1H-naphtho[2′,1′:4,5]indeno[1,2-d][1,3]-
dioxol-8b-yl)-2-oxoethyl) hydrogen phosphate (8a). To a
stirred solution of 2-(cyclooct-2-yn-1-yloxy)acetic acid (0.013 g,
0.073 mmol) in dichloromethane (0.5 mL) was added HOAT
(0.010 g, 0.073 mmol), EDC (0.016 g, 0.084 mmol), and
triethylamine (0.023 mL, 0.169 mmol). The resulting solution
was stirred at room temperature for 25 min. This solution was
added to 12 (0.10 g, 0.18 mmol) in DCM (1 mL). Upon
completion, the mixture was concentrated and purified using
reverse phase preparative chromatography (Phenomenex
Gemini − NX C18 OBD 5 μM 30 × 100 mm; 10−50%
MeCN/water w/0.1% NH4OH modifier over 20 min) to give
8a as a solid (22 mg, 38%). HRMS calcd for C53H74N5O14P (M
+H)+ 1036.5048, found 1036.5068.
2-((6aR,6bS,7S,8aS,8bS,11aR,12aS,12bS)-7-hydroxy-

6a,8a-dimethyl-4-oxo-10-propyl-2,4,6a,6b,7,8,8a,8-
b,11a,12,12a,12b-dodecahydro-1H-naphtho[2′,1′:4,5]-
indeno[1,2-d][1,3]dioxol-8b-yl)-2-oxoethyl dihydrogen phos-
phate (9a). To a stirred solution of budesonide (0.50 g, 1.16
mmol) in THF (2.3 mL) at −40 °C was added diphosphoryl
chloride (0.40 mL, 2.90 mmol) and the resulting mixture was
stirred at −40 °C for 20 min. The reaction was quenched with
water, and treated with saturated sodium bicarbonate solution
until pH ∼ 8 and stirred at room temperature for 1 h. The
solution was made acidic using 1 N HCl solution and extracted
several times with ethyl acetate. The combined organic phase
washed with brine, dried over sodium sulfate, and concentrated

to give 9a as a solid (497 mg, 84%). LRMS (ES) (M+H)+:
observed = 511.2, calculated = 510.5.

4-((S)-2-((S)-2-amino-3-methylbutanamido)-5-ureido-
pentanamido)benzyl (2((6aR,6bS,7S,8aS,8bS,11aR,-
12aS,12bS)-7-hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-
naphtho[2′,1′:4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-2-oxoeth-
yl) dihydrogen pyrophosphate (13). To a stirred solution of
10 (0.05 g, 0.083 mmol) in DMF (1.2 mL) was added 3-
((bis(diisopropylamino)phosphino)oxy)propanenitrile (29 μL,
0.09 mmol). To this mixture was added 0.45 M tetrazole in
acetonitrile (0.20 mL, 0.09 mmol) dropwise and the resulting
mixture was stirred for 20 min at room temperature. To this
was added 9a (0.042 g, 0.083 mmol) and 5-(ethylthio)-1H-
tetrazole (0.02 g, 0.16 mmol) and allowed to stir to 30 min at
room temperature. To this was added 6 M tert-butyl
hydroperoxide in decane (0.03 mL, 0.18 mmol) and allowed
to stir at room temperature for 30 min. To this was added DBU
(0.12 mL, 0.83 mmol) and the resulting solution was stirred
overnight at room temperature. The crude reaction was purified
by direct injection using reverse phase preparative chromatog-
raphy (Phenomenex Gemini − NX C18 OBD 5 μM 30 × 100
mm; 5−40% MeCN/water w/0.1% NH4OH modifier over 20
min) to give 13 as a solid (18.5 mg, 23%). LRMS (ES) (M
+H)+: observed = 952.6, calculated = 951.9.

4-((2S)-2-((2S)-2-(2-(cyclooct-2-yn-1-yloxy)acetamido)-3-
methylbutanamido)-5-ureidopentanamido)benzyl (2-
((6aR,6bS,7S,8aS,8bS,11aR,12aS,12bS)-7-hydroxy-6a,8a-di-
methyl-4-oxo-10-propyl-2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-
dodecahydro-1H-naphtho[2′,1′:4,5]indeno[1,2-d][1,3]-
dioxol-8b-yl)-2-oxoethyl) dihydrogen pyrophosphate (8b).
To a stirred solution of 13 (0.018 g, 0.019 mmol) and 2-
(cyclooct-2-yn-1-yloxy)acetic acid (0.011 g, 0.061 mmol) in
DMF (0.4 mL) was added HATU (0.023 g, 0.061 mmol) and
triethylamine (0.018 mL, 0.13 mmol). The reaction was stirred
at room temperature for 20 min, then purified directly using
reverse phase preparative chromatography (Phenomenex
Gemini − NX C18 OBD 5 μM 30 × 100 mm; 5−45%
MeCN/water w/0.1% NH4OH modifier over 20 min) to give
8b as a solid (7.3 mg, 35%). HRMS calcd for C53H75N5O17P2
(M+H)+ 1116.4711, found 1116.4728.

Stability Screening of Budesonide Phosphate and
Carbonate Linkers. Human Blood Incubation. Human
blood was collected the morning of the experiment from at
least 3 individuals using K2EDTA as the anticoagulant. An
equal volume from each individual was combined for use in the
experiment. The experiment started no more than 2 h after the
blood collection. All drug-linker conjugates were solubilized in
DMSO to form each 10 mM stock solution. Dosing solution for
each linker was prepared by serial dilution of each stock
solution using 1:3 acetonitrile: water. All solutions were kept on
ice during the experiment.
Human blood was prewarmed in a 37 °C water bath in an

appropriate volume to collect samples over a time course from
0 through 6 h. Incubating blood was mixed well just prior to
sampling to give a homogeneous mixture. Aliquots of blood
were removed at appropriate time points, added to cold
stopping solution, which was methanol containing an
appropriate internal standard, and mixed rigorously. The
samples were centrifuged at 4000 rpm for 10 min after which
equal volumes of the supernatant fractions were diluted with
cold deionized water. The samples were then ready for analysis.
A time 0 sample was prepared by spiking blood, which had
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been pretreated with the same stopping reagent used above
with the drug-linker. This sample is referred to in the table as
the matrix spiking.
Rat Lysosome Incubation. Rat liver lysosomes were

available commercially with a pool of 6 animals. All linker
compounds were solubilized in DMSO to form each 10 mM
stock solution. Dosing solution for each linker was prepared by
serial dilution of each stock solution using 1:3 acetonitrile:-
water. All solutions were kept on ice during the experiment.
Rat lysosomes were prewarmed in a 37 °C water bath in an

appropriate volume to collect samples over a time course from
0 min through 6 h. Incubating lysosomes were mixed well just
prior to sampling to give a homogeneous mixture. Aliquots of
lysosomes were removed at appropriate time points, added to
cold stopping solution, which was methanol containing an
appropriate internal standard, and mixed rigorously. The
samples were centrifuged at 4000 rpm for 10 min after which
equal volumes of supernatant were diluted with cold deionized
water. The samples were ready for analysis. A time 0 sample
was prepared by spiking the drug-linker to lysosomes which had
been pretreated with the same stopping reagent as above. This
sample is referred to as matrix spiking in the tables.
Synthesis of anti-hCD70 Antibody Conjugates. Drug-

linkers were conjugated to an anti-human CD70 antibody (2h5,
IgG1) to produce antibody-drug conjugate aCD70-8a and
aCD70-8b. Specifically, the drug-linker was conjugated to the
unnatural amino acid para-azido-phenylalanine (pAF) replacing
the alanine at position 1 of CH1 of the antibody using copper-
free 3 + 2 cycloaddition chemistry as shown in Scheme 3.
Expression of antibodies containing an unnatural amino acid
has been described earlier.10,11

General Procedure. para-Azido phenylalanine containing
antibodies were buffer exchanged into 50 mM Histidine; 100
mM NaCl; 2.5% Trehalose; 0−20% dimethylamine, pH 6.0,
and concentrated to 1−20 mg/mL. 10−15 mol equiv of
cyclooctyne drug-linker were added and reacted for 16−72 h at
28−30 °C. The antibody conjugates were purified over a SP
650S column (Tosoh Biosciences) to remove excess reagents.
The conjugates were buffer exchanged into 50 mM Histidine;
100 mM NaCl; 2.5% Trehalose; pH 6.0, 0.22 μm filtered, and
stored at 4 °C.
In Vitro Potency Evaluation for anti-CD70 Antibody

Conjugates (GILZ mRNA readout). The cellular targeted
delivery and activity of α-CD70 antibody glucocorticoid

conjugates and their isotype-control antibody glucocorticoid
conjugates were assessed in 786-O cells, a human renal
carcinoma cell line (ATCC CRL-1932) for modulation of
glucocorticoid-induced leucine zipper (GILZ) mRNA levels in
cells. Although CD70 (TNFSF7), a type II transmembrane
receptor, normally expresses on a subset of B, T, and NK cells,
where it plays a co-stimulatory role in immune cell activation,
CD70 expression was also found to be aberrantly elevated in
multiple human carcinoma types and tumor-derived cell lines.
It was previously demonstrated that binding of an α-CD70
antibody to CD70 endogenously expressed on the surface of
786-O cell line resulted in the rapid internalization of the
antibody−receptor complex, indicating that CD70 represents a
potential target antigen for facilitating payload delivery to
specified cells with conjugated therapeutic antibody.
In brief, 786-O cells were maintained in RPMI/10% FBS

culture medium. To quantitate glucocorticoid-induced leucine
zipper (GILZ) mRNA expression by RT-PCR, the cells were
spun down and resuspended in assay buffer (HBSS + 2% FBS)
at density of 1.11 × 106 cells/mL, and 45 μL cell suspension
were plated per well (5 × 104 cells/well) in 384-well plate(s).
Dosing solutions of free drug and ADCs were prepared by 1:3
serial dilution of each stock solution in HBSS+2% FBS
supplemented plus 10% ADC buffer (50 mM Histidine, 100
mM NaCl, 5% Trehalose, pH 6.0), and 5 μL of the dosing
solution were added into each well (1:10 dilution). The plates
were incubated in an incubator at 37 °C for 18 h. The cells
were then lysed, and the cDNA synthesis and real-time PCR
were performed according to manufacturer’s instructions using
TaqMan Gene Expression Cells-to-CTTM Kit (Invitrogen,
Carlsbad, CA). Specific primers against human GILZ and
GAPDH were purchased from the Life Technologies
(Invitrogen, Carlsbad, CA). Real-time PCR reactions were
performed on the Applied Biosystems 7900 HT Fast Real-Time
PCR System. Thermal cycling conditions consisted of an initial
UDG incubation hold (50 °C, 2 min) and denaturing and
enzyme activation step (95 °C, 2 min) followed by 40 cycles of
denaturing (95 °C, 15 s), annealing and extending (60 °C, 1
min). The mRNA levels were normalized to GAPDH (internal
control) using the formula Δthreshold cycle (CT) = CT target
− CT reference. The differential expression signal were
expressed as ΔCt by subtracting the Ct values of the
unstimulated samples (containing only assay buffer or DMSO

Scheme 3. Representative Conjugation of α-hCD70 Conjugate
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vehicle) from those of the stimulated samples and expressed as
relative fold of change using the formula: 2ΔΔCT.
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Reivindicaciones Modificadas 

 

1. Un compuesto conjugado que comprende un anticuerpo o fragmento de unión al antígeno de 

este conjugado a un compuesto de Fórmula (A):  

 

(A); 

o una sal, solvato, estereoisómero o derivado farmacéuticamente aceptable de este, 

que se caracteriza porque: 

R1 y R2 son, independientemente, -H, C1-6alquilo, C1-6alquilo-C(O)-O-, -OH, o halo; o  

R1 y R2 juntos forman ,  

que se caracteriza porque R4 es C1-6alquilo; 

R3 es -NRaRb;  

R5 es, independientemente en cada caso, -OH, halo, C1-6alquilo, o C6-10ariloC1-6alquilo; y 

cada R5 está situado sobre cualquier átomo del anillo; 

Ra y Rb son, independientemente en cada caso, -H, C1-6alquilo, o un C6-10arilo sustituido o 

no sustituido, que se caracteriza porque el sustituyente se selecciona de entre  y 

 y RA y RB se seleccionan independientemente de entre C1-6alquilo e hidrógeno; 

o  

Ra y Rb se ciclizan para formar un heterocicloalquilo con tres a seis átomos de anillo, 

incluido un heteroátomo, que es el N al cual están conectados; 

n es un número entero de 0-19; y 

en donde el anticuerpo o fragmento de unión al antígeno de este está enlazado 

covalentemente a R3 a través de un enlazador. 

2. El compuesto conjugado de la reivindicación 1, que se caracteriza porque el compuesto 

de Fórmula (A) tiene la estructura de la Fórmula (A1): 

 

(A1) 

en donde R1-R3 son como se definió arriba y R5A y R5B son cada uno, independientemente, halo o 

un átomo de hidrógeno. 



 

 

 

 

 
      2 

 

 
 

3. El compuesto conjugado de la reivindicación 1 o 2, que se caracteriza porque R1 y R2 

juntos forman  y en donde R4 es C1-6alquilo. 

4. El compuesto conjugado de cualquiera de las reivindicaciones 1-3, que se caracteriza 

porque Ra es H y Rb es H o C1-6alquilo. 

5. El compuesto conjugado de la reivindicación 1 que se caracteriza porque el compuesto de 

Fórmula (A) tiene la estructura de la Fórmula (A4): 

 

(A4) 

en donde R3 es –NRaRb y R4 es C1-6alquilo, en donde Ra y Rb son cada uno, independientemente, 

un átomo de hidrógeno o C1-6alquilo, o Ra y Rb, se toman juntos para formar un heterocicloalquilo 

con tres a seis átomos de anillo, incluido un heteroátomo, que es el N al cual están conectados. 

6. El compuesto conjugado de la reivindicación 5, que se caracteriza porque R4 es C1-4 

alquilo. 

7. El compuesto conjugado de la reivindicación 5 o 6, que se caracteriza porque R3 es -NH2, 

-NHCH3, o -N(CH3)2. 

8. El compuesto conjugado de la reivindicación 1 que se caracteriza porque el compuesto de 

Fórmula (A) tiene la estructura de la Fórmula (A6): 

 

(A6) 

en donde R3 es NRaRb y Ra y Rb son cada uno, independientemente, un átomo de hidrógeno o C1-

6alquilo. 

9. El compuesto conjugado de la reivindicación 1 que se caracteriza porque el compuesto de 

Fórmula (A) tiene la estructura de la Fórmula 1000: 
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1000 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este, 

en donde: 

R1 y R2 se seleccionan independientemente de entre el grupo compuesto por -H, -OH, C1-

6alquilo, -O-C(O)-alquilo, y halo; o  

R1 y R2 juntos forman ;  

R3 es -NRaRb; 

R4 es C1-6alquilo; 

R5 se selecciona independientemente en cada caso de entre un sustituyente en el grupo 

compuesto por –OH, halo, y C1-6alquilo;  

n es un número entero de 0-16; y  

cada R5 está situado sobre cualquier átomo del anillo; 

Ra y Rb independientemente en cada caso se seleccionan de entre el grupo compuesto 

por -H y C1-6alquilo; o  

Ra y Rb se ciclizan para formar un heterocicloalquilo con tres a seis átomos de anillo, 

incluido un heteroátomo, que es el N al cual están conectados. 

10. El compuesto conjugado de la reivindicación 9 que se caracteriza porque el compuesto de 

Fórmula (A) tiene la estructura de las Fórmulas 1010, 1020, 1030, o 1040: 

 

1010     1020 

 

1030     1040 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este. 

11. El compuesto conjugado de la reivindicación 10 que se caracteriza porque R1 es -OH; R2 

es -H, -CH3 o -OH; y R3 es -NH2. 
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12. El compuesto conjugado de la reivindicación 9 que se caracteriza porque el compuesto de 

Fórmula (A) tiene la estructura de las Fórmulas 1110, 1120, 1130, o 1140: 

 

1110     1120 

 

1130     1140 

 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este. 

13. El compuesto conjugado de la reivindicación 12, que se caracteriza porque R4 es n-propilo. 

14. El compuesto conjugado de la reivindicación 13, que se caracteriza porque el compuesto 

de Fórmula (A) tiene la estructura de la Fórmula 1120. 

15. El compuesto conjugado de la reivindicación 12, que se caracteriza porque R3 es -NH2, -

N(H)CH3, -N(CH3)2, o .  

16. El compuesto conjugado de la reivindicación 15, que se caracteriza porque R4 es n-propilo. 

17. El compuesto conjugado de la reivindicación 1, que se caracteriza porque el compuesto 

de Fórmula (A) es: 

H
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o una sal, solvato o estereoisómero farmacéuticamente aceptable de este. 

18. El compuesto conjugado de cualquiera de las reivindicaciones 1-17, que comprende un 

anticuerpo o fragmento de unión al antígeno de este conjugado a un compuesto de Fórmula (A) y 

una ciclodextrina (CD). 

19. El compuesto conjugado de la reivindicación 18, que se caracteriza porque CD se 

selecciona de entre el grupo compuesto por  

, , 

 

  

 
 

 

   

or  
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, , 

, y , que se caracteriza porque  

indica el enlace a través del cual el CD está unido al conjugado proteína-esteroide. 

20. El compuesto conjugado de cualquiera de las reivindicaciones 1-19, que se caracteriza 

porque el agente de unión es un anticuerpo. 

21. El compuesto conjugado de la reivindicación 20, que se caracteriza porque el agente de 

unión es un fragmento de unión al antígeno de este. 

22. Un compuesto conjugado de acuerdo con la Fórmula 1200: 

 

1200 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este, 

en donde: 

R1 y R2 se seleccionan independientemente de entre el grupo compuesto por -H, -OH, 

alquilo, -O-C(O)-alquilo, y halo; o  
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R1 y R2 juntos forman ,  

 R3 es -NRaRb;  

  R4 es C1-6alquilo; 

R5 se selecciona independientemente en cada caso de entre un sustituyente en el grupo 

compuesto por –OH, halo, y C1-6alquilo;  

n es un número entero de 0-16; y cada R5 está situado sobre cualquier átomo del anillo; 

Ra y Rb independientemente en cada caso se seleccionan de entre el grupo compuesto 

por -H y C1-6alquilo; o  

Ra y Rb se ciclizan para formar un heterocicloalquilo con tres a seis átomos de anillo, 

incluido un heteroátomo, que es el N al cual están conectados;  

BA es un anticuerpo o fragmento de unión al antígeno de este; 

cada L es  un enlazador;  

BA o L está enlazado covalentemente a R3; y  

x es un número entero de 1 a 30. 

23. El compuesto conjugado de la reivindicación 22 de acuerdo con las Fórmulas 1210, 1220, 

1230, o 1240: 

   

1210     1220 

   

1230     1240 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este;  

en donde R3 está enlazado covalentemente a L o BA. 

24. El compuesto conjugado de la reivindicación 22, que se selecciona de entre el grupo 

compuesto por: 
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y sales, solvatos y estereoisómeros farmacéuticamente aceptables de este; 

que se caracteriza porque cada L es un enlazador;  

cada BA es un anticuerpo o fragmento de unión al antígeno de este; y  

cada x es un número entero de 1 a 30. 

25. El compuesto conjugado de la reivindicación 1, que se selecciona de entre el grupo 

compuesto por: 
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en donde x es un número entero de 1 a 30 o una sal, solvato o estereoisómero farmacéuticamente  

aceptable de este. 

26. Un método in vitro para administrar un compuesto de Fórmula (A) a una célula que 

comprende poner en contacto la mencionada célula con un  compuesto conjugado de la 

reivindicación 1, en donde el mencionado compuesto conjugado comprende un anticuerpo o 

fragmento de unión al antígeno de este que se enlaza a un antígeno de superficie de la 

mencionada célula. 

 

27. El compuesto conjugado de la reivindicación 17, que se caracteriza porque el compuesto 

de Fórmula (A) es: 

, o una sal, solvato o estereoisómero farmacéuticamente aceptable de 

este. 

28. El compuesto conjugado de la reivindicación 17 o 27, que se caracteriza porque el 

compuesto de Fórmula (A) es: 

O

F

HO

O

O

H

NH2

O

H

H

F

 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este. 

29. El compuesto conjugado de la reivindicación 24 que es 

x, 

que se caracteriza porque x es un número entero de 1 a 6; 

L es un enlazador; y 

BA es un anticuerpo o fragmento de unión al antígeno de este. 

30. El compuesto conjugado de reivindicaciones 29 que se caracteriza porque x es 2 o 4. 

31. El compuesto conjugado de la reivindicación 29 o 30 que se caracteriza porque  
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BA es un anticuerpo que tiene un residuo de glutamina en la posición 295 (numeración de la UE), 

en donde L está enlazado al mencionado residuo de glutamina, o 

BA es un anticuerpo que tiene un residuo de glutamina en la posición 295 (numeración de la UE) 

y un residuo de glutamina en la posición 297 (numeración de la UE), en donde L está enlazado al 

mencionado residuo de glutamina en 295 o 297. 

32. El compuesto conjugado de la reivindicación 25 que es 
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que se caracteriza porque x es un número entero de 1 a 6; o 
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en donde x es un número entero de 1 a 6; o 

 o  

, que 

en donde x es un número entero de 1 a 6. 

33. El compuesto conjugado de la reivindicación 32 que se caracteriza porque x es 2 o 4. 

34. El compuesto conjugado de la reivindicación 32 o 33 que se caracteriza porque  

Ab es un anticuerpo que tiene un residuo de glutamina en la posición 295 (numeración de la UE), 

en donde el grupo –NH terminal está enlazado al mencionado residuo de glutamina; o 

Ab es un anticuerpo que tiene un residuo de glutamina en la posición 295 (numeración de la UE) 

y un residuo de glutamina en la posición 297 (numeración de la UE), en donde el grupo –NH 

terminal está enlazado al mencionado residuo de glutamina en 295 o 297. 
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35. El compuesto conjugado de la reivindicación 22, que se caracteriza porque el compuesto 

de es , o una sal, solvato o 

estereoisómero farmacéuticamente aceptable de este. 

36. El compuesto conjugado de la reivindicación 1 o 25 que se caracteriza porque el 

compuesto es 

 o  

, que 

se caracteriza porque x es un número entero de 1 a 30; o una sal, solvato o estereoisómero 

farmacéuticamente aceptable de este. 

37. El compuesto conjugado de la reivindicación 17 que se caracteriza porque el compuesto de 

Fórmula (A) es  

 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este. 
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38. El compuesto conjugado de la reivindicación 1 que se caracteriza porque el compuesto es 

x
O

F

HO

O

O

H

H
N

H
N

O

HF

L
BA

H

 

o una sal, solvato o estereoisómero farmacéuticamente aceptable de este. 


