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1. Me refiero at auto dictado por ese Despacho notificado por fljaclón en lista de 23 de 

Agosto de 2007. 

2. Con el fin de dar respuesta a las objeciones expuestas por el seæor ExamInador en su 

Concepto TØcnico nmero 1.324 en contra de los requlsitos de Claridad de la 

Solicitud, Novedad y Nlvel Inventivo, me permito dIrlir su atención a las siguientes 

modificaciones y argumentos tcnicos, por medlo de los cuales se superan completamente 

dichas objeciones. 

3. çAJDAD DE,L.ASPcTUD: 

En relación con Ia objeción en contra de la claridad de la reivindlcación 49, segCn la 

cual "los sustituyentes P1 y P2 estÆn def/nidos en tØrminos de adjetivos ca/ificativos, no con 

significados tØcnicos especIficos a inequIvocos y debe quedar plenamente establecido que 

estÆn enteramente sustentados en la descripción", me permito dirigir la atención del seæor 

Examinador al hecho de que con el fin de dar cumplirniento a sus sugerencias, el 

solicitante ha modificado dicha relvindicación de manera tat que se ha reemplazado la 

expresión "P1 y P2 son en cada caso un grupo protector", por la expresión modificada "P1 

es Un grupo Boc o carbobenciloxi y P2 es urn aiquilo C1.6 o aiquilo C sustituido", 

definiendo de esta forma los sustituyentes en merición mediante significados de 

carÆcter tØcnico, eSpecifico e inequlvoco, tat como ha sido solicitado en su Concepto 

TØcnico y de manera completamente clara paa una persona versada en la materia. 

En conexión COfl 10 anterior, me permito seæalar que el sustento para Ia anterior 

modificaci6n se encuentra en la pgina 32, lineas 13 a 16, del capituto descriptivo. 

Por otra parte, el seæor Examiriador ha manifestado dentro de sus objeciones en 

contra de la claridad del capitulo reivindicatorlo de Ia presente solicitud que "La 

re/v/n dicacfón 51 no es clara, porque reclama mater/a ya reclamada sin ninguna 

caracterist/ca tØcn/ca particular, so/amente se re/lena el texto de Ia relvindicación con usos 
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y mØtodos de tratarnient&’. En relación con la, objeción anteriormente mencionada, me 

permito manifestar que, debidamente autorizado per ml representado, el solicitante 

ha decidido canceler la reivindicaCión  51 actualmente presentada, con el fin de dar 

respuesta completa y satisfactria a sus objeciones a este respecto 

De conformidad con Ia anterior, me permito manifestar que teniendo en cuenta que en 

el nuevo capitulo reivindicatorio presentado Se han definido claramente las connotaciones 

que pueden tomar los sustituyentes P1 y P2 y que se ha eliminado la reivindicaclón 51, 

se entienden superadas todas las objeciones de derided realizadas por el seflor 

Examiriador respecto a dicho requisito 

Finalmente, me permito manifestar que las modificaciones realizadas al capitulo 

reivindicatorlo en menci.ón no ampllan de manera alguna ci alcance de la invención 

� en concordancia con 10 establecido en el Art. 34 de la Decision 486, 2000, toda vez que tal 

como se mencionó en el prrafo anterior, dlchas modificaciones corresponden a la 

adecuada definición de grupos sustituyentes en tØrminos que no resulten ambiguos y a la 

eliminaciOn de una reIvindicación, lo que evidentemente corresponde a una restricciOn de 

la materia objeto de la solicitud bajo estudlo respecto a la forma como se encuentra 

actualmente presentada. 

tii1i[i1I4tt 

En el estado de la tØcnica Se conoce que la molØcula-1 de adhesion a cØlulas 

vasculares (VcAM-1), correspondiente a un miembro de la familia de supergenes de la 

Inmunoglobulina (Ig), se expresa en endotello activado Pero no en reposo. Por su parte, se 

ha reconocido que Ia integrina VLA-4 (43), que se expresa en muchos tipos de cØlulas, 

incluyendo los linfocitos circulantes, eosinófilos, basófilos y monocitos, Pero no en 

neutrOfilos, es el principal receptor de la VAM-L 

La anterior es importante porque los anticuerpos de VAM-1 o de VLA-4 pueden 

bloquear la adhesion de estos leucocitos mononucleares, asI como de las cØlulas de 

melanoma, al endotelio activado in vitro. En este sentido, los anticuerpos de ambas 

protelnas han sido eficaces pare inhibir la infiltraciOn de leucocitos y prevenir el daæo de 

los tejidos en varios modelos animales de inflamacfón. MÆs aün, se ha demostrado que los 

anticuerpos monoclonales antiV-4 bloquean la emigraciOn de cØlulas T en Ia artritis 

inducida por adyuvantes, previenen la acumulación de eosinOfilos y la bronconstricción en 

modelos de asma, reducen Ia parØlisis e inhiben la infiltraciOn de monocitos y Iinfocitos en 

encefatitis autoinmune experimental. 
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De la misma manera, se ha demostrado que los anticuerpos monoclanes anti-VcAM-

1 prolongan el tiempo de supervivencia de los aloinjertos cardIacos, y estudios recientes 

han demostrado que los ariticuerpos monoclonales anti-VLA-4 pueden prevenir la insulitis y 

la diabetes de ratones diabØticos no obesos y pueden atenuar de modo significativo la 

inflamación en caso de modelo de colitis de monos tamarinos del algodonero. Finalmente, 

se ha demostrado edemas qua (a VCAM se expresa en cØlulas del endotello del tejido 

inflamado del colon en un modelo de enfermedad intestinal inflamatoria de ratas sometidas 

a ThB/etanol (Gastroenterology 1999, 116, 874-883). 

Por todo to anterior, en el estado de Is tØcnica se reconoce qua los compuestos que 

inhiben Is interacción entre integrinas que contienen a4 y la VCAM-1 pueden ser muy 6tiles 

como agentes terapØuticos pars el tratamiento de enfermedades inflamatorias crónicas, 

tales como la artritis reumatoide, la escierosis miltiple, el asma y las enfermedades 

intestinales Inflamatorias, por to qua results altamente deseable poder contar con 

sustancias que presenten caracteristicas inhibitorias de la interacción entre las integrinas 

mencionadas. 

En este sentido, la presente solicitud surge como una alternative novedosa e 

inventiva en at esfuerzo por proporcionar compuestos que tengan tat efecto inhibitorio, 

toda vez que tel como se desprende de las ensefSanzas consignadas en Is memoria 

descriptive de (a misma, los compuestos ahora revelados y reivindicados por el solicitante 

poseen efectivamente la actividad buscada como antagonistas de la integrina O4f1. 

De conformidad con las objeciones expuestas por el seior Examinador en su 

Concepto TØcnico, la presente invención carece de novedad frente a las enseanzas del 

documento citado WO 99/43642 (Dl), dado que los compuestos de a solicitud en estudia 

caen dentro del alcance de la mater/a descrita en la anterior/dad, especialmerite en las 

pags. 

4 y 5; peg. 12 renglón 25; 
peg. 

13 renglón 31; reivindicación 1 y S. Donde se 

establece qua RI. as un grupo heteroaromÆtico opcionamente sustituido, all grupo 

aromØtico as piridil, sustituido con hidroxi, que forms el tautometo (sic) ceto-enoL 

Por to tanto esta oficina considers que la solicitud en estudlo no tiene novedadTM (resaltado 

fuera de texto). 

Sobre este particular, me permito dirigir Is atención del selior Examinador at hecho 

de qua, si bien existen algunas semejanzas estructurales entre los compuestos de (a 

formula (I) de (a referencia WO 99/43642 (Dl) y aquellos de la fOrmula general 

expuesta en la reivindicación  1 de la presente solicitud, debe hacerse notar que, a 

diferencia de las ensefianzas reveladas en Dl, los compuestos de Is presente invención 
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siempre presentan tin grupo 2-pxo-3-Dlridinhl eniazado directamente a ia.DoSiCiófl 

4 del anhllofenilo de. 1amftad fenilalanina, tat como es revelado en la presente 

solicitud 

Por el contrarlo, of docurnento Dl no enseæa iii describe of menos tin 

compuesto especIfico de esta naturaleza, as decir, qua incluya (a mitad 4-(2-oxo-

3-piridinil)fenhlalanina, ya qua an todos los eiemłlos aflI revelados, of grupo 

fenilo y of otro grupo heteroaromÆtico, cualquiera sea su naturaleza y definición 

(piridinilo, fenilo, etc), estÆn siempra separados por tin grupo quImiCo -cue 

adicionalmente contiene Mn heteroÆtomo tal camp 0 p .N. corresoondiente at 

cirubo �(Alk1)1(i)  de Ia. fórmula.(Z)  de.Dj.. 

Grupo 2-oxo-3-piridinil 
enlazado directamente a la 
posición 4 del anillo fenilo 

� 

Enlace directo posición 4 del 
anillo fenilo 

Firialmente, ninguria de (OS ejemplos de dicha referenda ensea o sugiere la 

presencia de un grupo oxo sobre el grupo heteroarorntico, mucho menos que dicho grupo 

oxo se encuentre en la poslción adyacente respecto al Ætomo de carbono del sisterna 

heteroaromtico piridinilo eniazado directamente con el anillo aromÆtico y mucho menos 

qua dicho sistema heteroaromtico sea especificamente 2-oxo-3-plridinilo, to cual as 

completamente diferente a contar con un grupo hidroxilo como un posible sustituyente 

sobre un grupo heteroaromÆtico cualquiera y en cualquler posidón, tal como es enseadQ 

en las pginas 12, 13 y las reMndicaciones 1 y 8 sobre las cuales hace Ønfasis el sefor 

Examinador. 

En este punto, resulta importante seaIar at selior Examinador qua, pare qua Se 

presente la posible tautomerIa ceto-enol que supuestamente Se puede presentar, es claro 

qua la condiclón necesaria pare ello es que el grupo hidroxilo tiene que ester en una 

posición adyacente at heterotomo del sistema heteroaromtico (en nuestro caso, 

adyacente at Ætomo de N del anillo de pirldilo), to cuat no as sugerido ni ensefiado en 

ningn aparte de Dl. 
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Teniendo en cuenta lo anterior, es corn petarnente claro qua Dl no revela ningin 

compuesto espeerfico que caiga dentro del alcance de to presente soilcitud, y por to tanto 

la presente tnvención es novedosa frente a’dicho documento. 

Sobre este particular, atentarnente me permito dirigir la atención del seæor, 

Exarninador at Manual Andlno de Patentel, relevante pubflcaclón preparada por la 

ecretaria General de le comuntdad Andina, oil cual establece en su acÆplte °AnllsIs  de la 

Novedad" varios aspectos que pueden ser alloo pare entender que la presente invenc16n 

so ajusta at sentir de los paIses Andino8 On jo quo se relaclona con la novedad do las 

invenciones. Por ejemplo at mencionado Manual establece qua "Pars determiner Is 

novedad do Ia iiwención,  SS tlçbe comrobi Nj -OAkkantic!nacloses4e! e0440. da 
I rn. i#,itnain nIkitn,ntł tnd i ebraetarktAcas �tcnkac 

esenciales deJ JnyenIón.  El examen de novedad Se. efectÆa cornparando elernento 

por elernento de Ia invención tel como est eflnido por las reivindicadones con los del 

estado do to t6cnica"1 (resaltado fuera de texto), 

En este 5entido as claro que el seæor Exarninador failarla en at anUsIs do novedad 

que ha realizado pare ta presente invenclón porquo:estd citando un documento que no 

contiene explIcitamente todas Las caracterfscas tØcnlcas estructurales esenciates de los 

cQmpuestos tat cornO han sido reivindicados por at solicitante. Es decir, at seflor 

Examinador estarla considerando una referenda que, si blen se desarrolla on at mismo 

campo de àplicaciôn, no constituye una antiipación .relevarte pare desvirtuar la novedad 

do (a prosente soticitud. . 

Adicionatrnente, et mismo Manual establece $! todas las caracterIsticas tócnicas de Ia 

reiv/ndicaciÆn lndepend!ente se encuentran 4lescritas on an mismo antecedente y edemas 

se encuentran Intimanente relacionades, e/ objeto de dicha reMndicaciÆn earece de 

novedad. Si usia caracterIstica, aunque sea banal, no se encuentia ccntenlda on el 

antecedente, Ia reMndkación es nueva (resaltado fuera do texto). 

A parUr de los ptanteaniientos antariormente axpuŁstos, as cômpletarnente claro 

entancos qua at inico documento citado conio retevante para desvfrtuar 01 requisito do 

novedad no cumple con tel función, dado  guano reveta todas las caracterisUcas tØcnicas 

esenclales de (a invenclón reivindicada, racteristicas que, lejos de ser banales, son 

especIficas y esenctales Para asegurar la activdad antagonlsta de integrina alfa4-betal 

qua presentan los compuestos revelados par at solicitanta.. 

Z Zbid, p6gins 61. . .. 
2 IbId, pÆglna 62. . . 
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En consecuencia, todo to expuesto dernuestra of carÆcter novedoso de Is 

presents invención con respecto a las enseæanzas del documento Dl citado, toda 

vez que el mismo no revels de manera directs y nods arnbtgua las caracteristicas 

estructurales proptas y especificas de los compuestos ahora enseæados, tel coma 

son reivindicados en Is presents invención 

____ ........... 

Finalmente, en su Concepto TØcnico nÆmero .1324, el seflor Examinador manifiesta 

que la presente solicitud carece de nlvel inventivo porque "es b/en conocido(sic) Ia 

naturaleza qulmica de los derivados de ac/i fenilalanina" y por 10 tanto "es evidente para 

una persona del fivel med/a derivar, ía invenciÆn del estado de la tØcnica con lo ensaado 

en las anterioridades" 

En relaclón con lo anterior, el solicitante considera que es de la mayor importancia 

dirigir la atención del seflor Examinador nuevamente al hecho de que los compuestos de la 

presente solicitud siempre tienen un grupo oxopiridinflo untdo dtrectamente at grupo 

fenilo, asi como tamblØn que Di no enseæa nngün compuesto especIfico que tenga 

un grupo oxopiridbli$o unido directarnente at grupo fenilo, siendo Østa una 

Importante diferencia estructural que no es sugerida de ninguna forma en dicha referenda, 

ye que par ejemplo, en el Ejemplo 2d de Dl, el cual corresponde al compuesto mÆs 

cercano a los compuestos de la presente solicitud entre todos los compuestos all 

revelados, el grupo piridinhlo, que no contiene un sustituyente oxo, estÆ unIdo Al 

anfflo fentlo .por medio on Un qrURo. mçtilenoxi, diferencia a  la que, adicionalmente, 

no podria ilegar en forma obvia o evidente una persona versada en la materia tel como se 

demostrarÆ mØs adelante. 

En conexión con lo anterior, el solicitante considera que la presente invención es 

inventive frente a las enseiSanzas de Dl con base en las siguientes dos rezones 

principales: 

1) La formula general (I) revelada en Dl es extremadamente arnplia, y claramente 

cubre un considerable nmero de grupos de compuestos que no son activos coma 

antagonistas de la integrina alfa4-betai. Par ejemplo, los compuestos de la formula 

() en donde pi. es 0 a- RIO Sg Mn alquilo..ramificado p R es.rnetilo 9. a! es 

alauijo inferior son inactivos (Tilley, Jefferson W., Chen, L, Sidduri, Achyutharao; 

Fotohul, Nader. The Discovery of VLA-4 Antagonists; Current Topics In Medicinal 

Chemistry, (2004), 4, 14, ver especIalmente las pÆginas 15134515). De la misma 

manera, investigaciones rnÆs profundas y extensas en Østa 6rea no hen revelado 
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excepciones a esta regla, tal como se desprende de los articulos de Tilley, Jefferson 

W., VLA4 Antagonists; Expert Opinion on Therapeutic Patents(2002), 12(1), 991-

1008; Yang, Ginger X., Hagmann, William K., VLA-4 antagonists: potent inhibitors of 

lymphocyte migration. Medicinal Research Reviews (2003), 23(3), 369-392; Tilley, 

Jefferson W., Chen, L., Sidduri, Achyutharao; Fotohul, Nader. The Discovery of VLA-4 

Antagonists; Current Topics in Medicinal Chemistry, (2004), 4, 14 (de los cuales me 

permito anexar copia simple). 

Al parecer, los autores de Dl eran conocedores de estas corisideraciones respecto a 

la relación estructura-actividad para derivados de actifenitalaninas antagonistas de 

VLA-4, tal como se desprende del hecho de que la reivindicación 5 del citado 

documento (DI.) estÆ dirigida a compuestos en donde m es 1 y aIk2 es -CH2-, y ms 

aiin cuando Se seæala, tal como en la reivindicación 6 del mismo, que tanto R2 y R3 

deben ser ambos hidrógeno. (Con respecto a R3, resulta relevante sef’ialar que los 

cientificos de CeHtech afirmaron que tel amino Æcido ct-NH es importante para la 

actividad’. (Brand, S.; De Candole, B. C; Brown, J. A.; Org. Lett, 2003, 5, 2343-

2346, ver especialmente el segundo pÆrrafo de la pÆgina 2344, copia anexa al 

presente memorial). 

Por lo tanto, una persona versada en la materia que estuviera en la biisqueda de 

novedosos antagonistas de integrina alfa4-betal podrIa reconocer, despuØs de un 

nimero sustancial de experimentos, pue ünicamente los compuestos 

reIvindicadosen las reivindicaclones. .deDendlentes..de Ia referencra citada 

son activos, a pesar del gran nümero de compuestos cubiertos por la 

formula general (I) expuesta an la reivindicaclón I. de dicho documento DI.. 

En este sentido, cobra mucha ms importancia el hecho de que la reivindicación 9 de 

Dl especifica aJ qruoo enlazante Alk1)xijt de la Formula (I) como -CHQ 

QNH-. -C(OO. o .-CGN(R4-. De la misma forma, resulta pertinente resaltar 

que los compuestos en donde -(A1k1)T(L’)s corresponda a un enlace directo, tat 

como es necesario para los compuestos de la presente invención, no as 

mencionado ni an Ia reivindicaciOn dependlente 9 ni an ninon otro lado de 

Ia descrioción de dicha referenda, como uor ejemolo en las oÆalrias 8 V 9. en 

donde se definen los valo.res de L oara el arljRQ enlazante mencionado. 

Por to tanto, considerando el gran nümero de compuestos cubiertos por la formula 

general (I), el hecho de que un n(imero sustancial de compuestos de dicha formula 

general (I) es inactivo y la tendencia de que los compuestos que realmente son 

activos se mencionan (inicamente en las reivindicaciones dependientes, es claro que 

una persona versada en la materia no pensarIa en nuevos antagonistas de Integrina 

alfa4-beta 1 en donde el enlazante-(A1k1)1( L1)5 sea un enlace.sencillo 
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De otra pat-te, los compuestos de la presente invenclón siempre tienen un grupo 

oxopiridinilo unido dLrectamente al grupo fendo mediante un enlace sencillo, 

siendo Østa una conclicióri que no solo no puede desprenderse an forma evidente 

del documento Dl, sirio a (a que (a persona versada en la materia no podrIa Ilegar 

a partir de [as enseæanzas que el estado de (a tcnica pone a su disposición, t& como 

los artIculos anteriormente menclonados, en los que no existe lndlcaçión  o 

sugerencia aipuna acerca de esta Darticularidad estructuraL ünica de los 

compuestos de Ia oresente invención En efecto, a partir de (a revision de tales 

articulos cientificos, el seæor Examinador podrÆ apreciar que no existe un solo 

ejemplo an donde se presente la combinaclón de sustituciones estructurales 

que den origen a un grupo 4-(2-oxo-3-piridinil)fendalanina, lo que corrobora 

en forma contundente que para Ilegar a dicho tipo de derivados, (a persona versada 

en (a materia tendria que realizar un esfuerzo intelectual y experimental 

considerable, demostrando as[ que el objeto de la presente si posee ci nivel 

inventivo requerido, no solamente frente al documento Dl, sino sobre las 

enseæanzas generales del estado de la tØcnica relacionado con los 

compuestos de acilfenilalanina antagonistas de VLA-4 

2) Ahora bien, de otra parte, el documento Dl revela ciertos mØtodos especIficos para 

(a preparaciOn de los compuestos de (a formula general (I) an donde ci enlazante 

�(AIk’)T(L1)s as �CH20-, -S02NH-, -C(0)O-, o �CON(R)- (pginas 24 a 25 de (a 

descripctón del documento Dl), ms no hace mención alguna a (as condiciones de 

sIntesis especIficas que son requeridas para preparar compuestos en donde dicho 

grupo enlazante corresponde a un enlace directo, y menos atTh, en donde el sistema 

heteroaromÆtico corresponde a una mitad 2-oxo-3-plridinilo. En este sentido, es 

claro que Dl no revelamØtodos DarLia preparadón 4 comuuestoscomo los 

de la presente solicitud esoeclairnente derivados de 4-12-oxo-3 

oiridinlflfenhlalanina, y mucho menos de. manera tal que una persona versada en 

(a materia pueda prepararlos de forma evidenternente derivada de ]as enseæanzas de 

dicho documento. 

En este sentido, el solicitante desea resaltar que es claro el hecho de que los 

mØtodos generales para (a formaciOn de enlaces arilo-arilo existIan en el estado de (a 

tØcnica incluso antes de Dl, tal como por ejemplo, el artIculo de revision de 

Stanforth, Stephen P. Catalytic cross-coupling reactions in biary/ sIntesis, 

Tetrahedron (1998), 54 (3/4), 263-303, del cual me permito anexar copia como 

referencia de este hecho. 
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Sin embargo, con el fin de preparar los compuestos de la presente invención, el 

acopiamiento tiene que ocurrir en un sltio adyacenta a un grupo carbonilo, 

hecho aue no se encuentra bien referenciado nil documentado en la 

literatura. MÆs an, cada compuesto requiere culdado particular y atención en los 

detalles para su sIntesis. La etección particular de los reactivos, cataUzador y 

condiciones de reacción no son de carÆcter rutinario y esto es particularmente cierto 

para aquellos anillos que implican una cierta demanda estereoquImica, una poderosa 

atracción electrónica a la presencia de grupos sensibles, tat coma es el caso de los 

compuestos de la presente invención. 

Por ejemplo, aunque la investigación cuidadosa condujo a la sIntesis exitosa de los 

compuestos de la presente solicitud en donde R5 es hidrógeno, este proceso fue 

demasiado exigente y, ms aün, los procedimientos que fueron exitosos para una 

clase de derivados, no resultaban extrapolables a otras clases de compuestos en 

donde, por ejemplo, R5 corresponda a -CH3- o -CF3. MÆs aiin, con el fin de preparar 

los compuestos de la presente solicitud, algunos de los materiales de partida, como 

por ejemplo, la iodopiridona 2, no habIan sido previamente descritos y, en 

consecuencia, tuvieron que ser sintetizados. 

CH3 

H3C(NQ 

CF3 

2 

Por 10 tanto, el solicitante considera que los compuestos de la presente invención no 

pueden prepararse con base en la descripclón del documento Dl de manera 

evidente, mÆs atin, sin una carga considerable de dificultad, incluso Si la persona 

versada en la materia utiliza el conocimiento general que existe en 
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este campo para ello. En consecuencia, si bien la formula general (I) de D1 presenta 

algunas semejanzas estructurales con los compuestos de la presente irivenciOn, 

dichas sernejanzas no pueden ser consideradas coma una revelación tØcnica 

relevante capaz de desvirtuar la altura inventiva que efectivamerite poseen los 

compuestos de la presente solicitud. 

7. Anexo me permito presentar: 

(a) Recibo nmero 07 - 90,494 expedido par la Superintendencla de Industria y 

Comercio, que acredita el pago de las modificaciones menclonadas; 

(b) Copla del nuevo capItulo reivindicatorlo, que reemplaza el orlginalmente 

presentado en el cual se han realizado las modificadones expuestas 

anteriormente; 

(c) Copia informal de las pÆginas 8, 9, 24 y 25 del documento Dl citado, en las 

que se resalta que dadas las definiciones expuestas para el grupo enlazante, no 

es posible tener al menos uria sugerencia acerca de un compuesto como los 

revelados por el solicitante, asI como tampoco acerca del mOtodo de sIntesis de 

los mismos; y 

(d) Copia informal de los articulos cientIficos de Tilley, Jefferson W., VLA4 

Antagonists; Expert Opinion on Therapeutic Patents (2002), 12(7), 991-1008; 

Yang, Ginger X., Hagmann, William K., VL4-4 antagonists: potent inhibitors of 

lymphocyte migration. Medicinal Research Reviews (2003), 23(3), 369-392; 

Tilley, Jefferson W., Chen, L., Sidduri, Achyutharao; Fotohul, Nader. The 

Discovery of VLA-4 Antagonists; Current Topics in Medicinal Chemistry, (2004), 

4, 14, en los cuales se resaltari los apartes mencionados a 10 largo del presente 

memorial en cuanto a las enseæanzas estructurales del estado de la tØcnica 

para los derivados de acilfenilalanina antagonistas de VLA-4, y del artIculo de 

revisiOn de Stanforth, Stephen P. Catalytic cross-coupling reactions in biaryl 

sIntesis, Tetrahedron (1998), 54 (3/4), 263-303, relacionado con los mØtodos 

de formaciOn de enlaces arilo-arilo. 

10 
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REXVTNDXCACXONES 

1. Un compuesto de la f6rmula 

21 

en la que R, es un grupo de la fórmula Y-1 

en la que R22 y R23, con independencia entre sI, son 

hidrógeno, aiquilo C, alcoxi C6, cicloalquilo C37, fenilo 

o naftilo, arilaiquilo (en donde arilo es fenilo o naftilo), 

nitro, ciano, (aiquilo C6)-tio, (aiquilo C16)-sulfinilo, 

(aiquilo C16)-su1foni1o, aiquilcarbonilo C1, halógeno o 

perfluor- (aiquilo C6), y por lo menos uno de R22 y R23 es 

diferente de hidrógeno, y R24 es b.idrógeno, aiquilo C1, 

alcoxi c1..6, fenilo o naftilo, nitro, ciano, (aiquilo C1.6)-

sulfonilo o halógeno, o bien 

R1 es un grupo de la formula Y-2 que es un anillo 

heteroaromtico de cinco o seis eslabones, unido a travØs 

del 6tomo de carbono al carbonilo de la amida, dichô anillo 

contiene uno, dos o tres heteroÆtornos elegidos entre N, 0 y 

S y uno o dos Ætomos de diho anillo estn sustituidos con 

independencia entre si por aiquilo C6, cicloalquilo C37, 

hal6geno, ciano, perfluor-(alquilo C1-6), fenilo o naftilo y 
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por lo menos uno de dichos Atomos sustituidos est& 

adyacente al &tomo de carbono unido al carbonilo de la 

amida, o bien 

es un grupo de la fórmula Y-3 que es un anillo de 3-7 

eslabones de la f6rmula 

R25 

Y4 

en la que R25 es aiquilo C, aiquenilo C0 sin sustituir 0 

sustituido por flüor, o un grupo de la formula R26(CH2)e, 

R26 es fenilo, naftilo, heteroarilo, azido, ciano, hidroxi, 

alcoxi C, (alcoxi C)-carbonilo, aiquilcarbonilo C6, 

(aiquilo C6) -tic, (aiquilo C1.-) -su].fonilo, (aiquilo C16) - 

sulfinilo, perfluor- (alquilcarbonilo C1.-6), nitro, o bien R26 

es un grupo de la fOrmula -NR28R29, en la que R es 

hidrOgeno o aiquilo C, R2 es hidrOgeno, aiquilo C, 

(alcoxi C1.6) -carbonilo, aiquilcarbonIlo C, arollo, 

perfluor- (aiquilcarbonilo C1.�) -amino, (aiquilo C) - 

sulfonilo, (aiquilo C6) -aminocarbonilo, arilaminocarbonilo, 

o bien R28 y R9 junto con el &tomo de nitrOgeno al que estn 

unidos forman tin anillo heterocIclico saturado de 4, 5 6 6 

eslabones que contiene un heterotomo adicional, elegido 

eritre 0, S y N-R40, Q es -CH2)fO-, -(CH) FS-, 

- (CH2)N(R27) -, - (CH2)1-, 

R27 es H, aiquilo C6, fenilo, naftilo, aiquilcarbonilo 

C, aroilo o (alcoxi C6)-carboni1o, 

R0 es H, aiquilo C, fenilo, naftilo, aiquilcarbonilo 

C,1-6, aroilo o (alcoxi C16)-carbonilo, los &tomos de carbono 

del anillo est.n sin sustituir o sustituidos por aiquilo C 

o halógeno, ’1e" es un ntimero entero de 0 a 4 y "f" es un 

nümero entero de 0 a3; 

P-2 es hidrOgeno o aiquilo C1, aiquulo C1 sustituido, 

fenilo, naftilo, fenilo-(alquilo C1)o naftilo-(alquilo 

Ct..6); 
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R3 es hidr6geno, halógeno, alquilo C, fenilo o 

naftilo y puede iricluir ademÆs al trifluormetilo; 

R4 es hidr6geno, halógeno, alquilo C, fenilo o naftilo; 

R5 es hidr6geno, alquilo C6, alcoxi C, trifluormetilo u 

OH; 

R es hidr6geno, alquilo C6, (alquilo C6)-carboniioxi-

(alquilo C6), 

o bien R6 es un grupo de la fórmula P-3 

RM 

Pp.3 

en la que R32 es hidr6geno o alquilo R33 es hidr6geno, 

alquilo C, fenilo o naftilo, R34 es hidr6geno o alquilo C 

6 ’the es un nümero entero do 0 a 2, "g’t es un riümero entero 

deOa2, lasumadehygsesitiiaentreiy3; 

o bien R6 es ungrupo de la formula P-4 

b2 

_(CHtrr(CK2i4y 
p-4 

en la que R32, g y h tienen los significados reciØn 

definidos, 

Q es 0, S, -(CH2)-0 un grupo do la fOrmula N-R35, 
R3r, 

es 

hidr6geno, alquilo C, aiquilcarbonilo C1, (alcoxi C6)-

carbonilo, ’j" es el nümero 0, 1 6 2, y 

R7 es hidr6geno, cloro, alcoxi C o alquilo C6; o bien las 

sales farmacØut–camente aceptables do los mismos. 

2. Un compuesto segünla reivindicación 1, en el que 

R3 es hidr6geno, halOgeno, alquilo C, fenilo o naftilo. 

3. Un compuesto segUn la reivindicación 1 6 2, en el 

que R. es Y-3 y Q es -(CH2)O-, - (CH)fS - o -(CH2)f--. 

4. Un compuesto segün la reivindicaciOn 3 en el quo 

R5 es hidr6geno, alquilo C o trifluormetilo. 
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5. Un compuesto segün la reivindicación 1 6 

2, en el que R1 es un grupo Y-1 sri el que R22 y R23 con 

independencia entre si son hidr6geno, aiquilo C o hal6geno 

y R24 es hidrógeno, aiquilo C o alcoxi C1. 

6. Un compuesto segün la reivindicación 5 en el que 

R22 y R.23 con independencia entre si son hidr6geno, aiquilo 

C16 o halógerio y R24 es hidr6geno o alcoxi C y R2 es fenulo 

o naftilo- (alguilo C6) 

7. Un compuesto segün la reivindicación 1 6  2, en el 

que R., es un grupo de la fórmula Y-3 en la que R2s es Un 

grupo de la fórmula R-(CH2)e-, en la que R2 es alcoxi 

C, Q es - (CH2) / "e" es un nfi.mero entero de 0 a 4 y  

S55 un rithuero entero de 0 a 3. 

8. Un compuesto segün la reivindicacióri 1 6 2, en el 

que R1 es un grupo de la fórmula Y-3 y R2 es hidrôgeno, 

alquilo C6, aiquilo C6 sustituido, fenulo-(alquilo C16) o 

naftilo- (aiquilo C1-6) 

9. Un compuesto segn la reivindicación 8, en el que 

R1 es un grupo de la f6rrnula Y-3 en la que R2s es Un grupo de 

la fórmula R-(CH2)e-, en la que R26 es alcoxi C, Q es - 

(CI12) "e" es un ntmero entero de 0 a 4 y "f" es un nümero 

entero de 0 a 3; Y R2 es fenilo-(alquilo Cl-,;) o naftilo-

(aiquilo Cl-(,) 

10. Un compuesto segün la reivindicación 1 6 2, en el 

que 

R2 es hidrógeno, aiquilo C6, fenulo-(alquilo C3.-6)o naftilo-

(aiquilo C6); 

58 hidr6geno; 

R4 es hidrógeno o haiógeno; 

R5 es hidrógezio, aiquilo C1, o trifluormetilo, o alcoxi 

R6 es hidrôgeno o aiquilo C16; y 

R7 es hidrógeno, cloro, alcoxi C1 o aiquilo C16. 

11. Un compuesto segün la reivindicaciôn 10, en el que 

R1 es un grupo de la fórtnula Y-1. 
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12. Un compuesto segün la reivindicación 11, 

en el que R es un grupo de la fórmula Y-1 en la que R22 y 

R3 con independencia entre ci son hidr6geno, aiquilo Cl.-6  a 

hal6geno y R24 es hidr6geno, aiquilo C a alcoxi C. 

13. Un compuesto seg-Cin la reivindicaciôn 12, en el que 

R es Un grupo Y-1 en el que R24 es hidr6geno y R2 es fenilo-

(aiquilo C6) a naftilo- (aiquilo C). 

14. Un compuesto segn la reivindicac16n 10, en el que 

RI, es Y-2. 

15. tin compuesto segn la reivindicaci6n 10,en el que 

R. es un grupo de la f6rmula Y-3. 

16. Un compuesto seg.n la reivindicación 15, en el que 

R1 es un grupo de la fórmula Y-3 en la que R25 es un grupo de 

la formula R26-(cH2)e-, en la que R26 es alcoxi C6, Q 

es -(CI12)f-, "e" es un nthiero entero de 0 a 4 y "f" es un 

nümero entero de 0 a 3. 

17. Un compuesto segn la reivindicaciOn 10, en el que 

R2 es hidr6geno, aiquilo C, fenilo-(alquilo C1-)o naftilo-

(aiquilo C) 

R3 es hidr6geno; 

R4 es halOgeno; 

R5 es hidr6geno; 

R6 es hidrOgeno a aiquilo Cl-6; y 

R7 es hidrOgeno, clara, alcoxi C6 a aiquilo C. 

18. Un compuesto segthi una cualquiera de las 

reivindicaciones 1, 3 6 4, en el que R2. es un grupo de la 

fOrmula Y-1 a Un grupo de la fOrmula Y-3; 

R2 es hidr6geno, aiquilo C6 a fenilo 0 naftilo-(alquilo 

R3 es hidr6geno, aiquilo C, f enilo- (alquilo C1) a 

naftilo- (aiquilo Cj.6;); 

R4 es hidr6geno o halOgeno; 

R5 es hidr6geno, aiquilo C, a trifluormetilo; 

R es hidr6geno, aiquilo C, (aiquilo C1)-carboni1oxi-

(aiquilo C1.6) a un grupo de la fOrmula P-3 o Un grupo de la 

fOrmula P-4; y 

R, es hidr6geno o aiquilo C. 
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19. Un compuesto segn la reivindicacióxi 18, 

en el que 

R2 es aiquilo C1, feniLo- (aiquilo C1) o naftilo- (aiquilo 

R6 es hidrógeno, alquilo C1, (aiquilo C1..6)-carboniloxi-

(aiquilo C6) o un grupo de la fórmula P-3; y 

R7 es 1idr6geno 

20. Un compuesto aegdn la reivindicación 19, en el que 

R,_ es Y-1 en eJ. que R22 y R23 son hidrógeno, haiógeno o 

aiquilo C1 y R24 es hidrôgeno O a1cox. C6, o bien R1 es un 

grupo de la fórmula Y-3 en la que R25 es Un grupo de la 

fórmula R26-(CH)e-, en la que R26 es alcoxi C1, Q es 

- (CH2) -, "e" es un nümero entero de 0 a 4 y "f" es un 

nümero entero de 0 a 3. 

21. Un compuesto segt5.n la reivindicaci6n 20, en el que 

R2 es aiquilo C; R4 es hidrógeno; R3 y R5 son aiquilo C o 

trifluormetilo. 

22. Un compuesto segün la reivindicaciórx 21, en el que 

R6 es hidrógeno. 

23. Un compuesto seg.n la reivindicación 22, en el que 

R1 es Y-1. 

24. Un compuesto segttn la reivind.icación 23, en el que 

R22 y R23 son hal6geno o aiquilo C. 

25. Un compuesto seg1n la reivindicaci6n 24 que es 

N- ((2, 6-diclorofenil) carbonil] -4- [1, 6-dimetil-4-trifluorme-

til) -2-oxo-3-piridinil] -L-fenilalanina; 

N- [(2-etil-6-metilfenil) carbonil] -4- [1, 6-dimetil-4-tr–fluor 

-metil) -2-oxo-3-piridinil] -L-fenilalanina; 

N- [(2- (1-metiletil) -6-metilfenil) carbonil] -4- (1, 6-dimetil-4-

(trifluormetil) -2-oxo-3-piriclinhll -L-fenilalanina; 

N- [(2-cloro-(5-metilfenil) carbonil] -4- [1, 6-dimetil-4-

(trifluormetil) -2-oxo-3-piridinil] -L-fenilalanina; 

N- ((2, 6-diclorofenil) carbonil] -4- [1, 4-ditnetil-6-

(trifluormetil) -2-oxo-3-piridinil] -L-fenilalanmna; 0 

N- [(2-cloro-6-metilfenil) carbonil] -4- [1,4-dImetil-6 

(trifluormetil) -2-oxo-3-piridinil] -L-fenilalanina. 



26. Un compuesto segün la reivindicaci6n 22 

enei.que 

R es -3. 

27. Un compuesto segün la reivindicaci6n 26, que es 

N- EEl- (2-metoxietil) ciclopentil] carbonil) -4- (1, 6-dirnetil-4-

(trifluormetil) -2-oxo-3-piridinhl) -L-fenilalanina. 

28. Un compuesto segün la reivindicaci6n 21 en.el que 

R6 es alquiJ.o C6. 

29, Un compuesto segün la reivindicaci6n 28 que es 

ester 

etilico de is. N-[(2,6-diclorofenil)carbofli]-]-4- [1,6-

dimetii-4- (trifluormetil) -2-oxo-3-piridinil) -L-fenilalanina; 

ester etilico de la N- ((2,6-diclorofenil)carbonil] -4-E1,4-

dimetil-6-(trifluormetil)-2-oxo-3-piridinhl)-L-fefliialaflifla; 

ester etilico de N- ((2-cloro-6-metiifenhl)carbonil]-4-[i,6-

dirnet–1-4- (trifluormetil) -2-oxo-3-piridinil) -L-fenilalaniria 

0 

ester etilico de N- ((2-cloro-6-metilfen–1)carbonil] -4- [1,4-

dimetil-6- (trifluortnetil) -2-oxo-3-piridinii) -L-fenilalanina. 

30. Un compuesto segilri is. reivindicaci6n 21 en el que 

R6 es (aiquilo C16) -carboniloxi- (aiquilo C6). 

31. Un compuesto seg.n la reivindicaci6n 30 que es 

ester i-{acetoxi)etIiico de is. N-[(2,6-dicloro-

fenil)carbonij.]-4-[1,6-dirnetil-4-(trifluormetil).-2-oxo-3-

piridinil) -Lfeni1a1anina; 

ester i-(acetoxi)etiiico de la N-[(2,6-diclorofe-

nii)carbonil] -4-(1,4-dimetii-6-(trifluormetil)-2-Oxo-3-piri-

dm11) -L--fenilalanina; 
I 

ster i-(acetoxi)etilico de is. N-[(2-cloro-6-

metilfenil) caxbonii} -4- (1, 6-dimetil-4- (trifluormetil) -2-oxo-

3-pirid.thil) -L-feniiaianina o 

ester 1-(acetoxi)etIlico de is. N-[(2-cioro-6-

metiifenil)carbonii]-4-[1,4-dimetil-6-(trifluormetil)-2-oxo-

3-piridinil) -L-fenilalanina. 

� 32. Un compuesto segdn la reivindicaci6n 21 en el que 

R6 es un grupo de formula P-3, en is. que R32 es hidrOgeno, 

R33 y R34 son aiquilo C, uno de "h y ’g" es distinto de 0. 
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33. Un compuestO segün la reivindicaci6n 32 

que as ester 2-NN,N-dietil) amino] etIlico de la N-((2,6-

dicloro-fenil)carbonil] -4- [1,6-dimetil-4- (trifluormetil) -2-

oxo-3-piridinil) -L-fenilaiaciiria; 

ester 2- [(N,N-dietil)amino]otilico de la 

diclorofen–1)carbonilj-4- [1,4-dimetil-6- (trifluormetil) -2-

ôxo-3-piridinil)  -L-fenilalanina; 

ester 2- [(N,N-dietil) amino] etiiico de la N-[(2-cloro-6-

metilfenil) carbonil] -4- [1, 6-dimet–1-4- (trifluormetil) -2-

oxo-3-piridinil) -L-feni1a1aiina o 

ester 2-((N,N-dietil) amino] etilicO de la N-[(2-cloro-6-

metilfenil)carbonil]-4-[1,4-dirnetil-6-(triflUormetil)-2-OXO-

3-piridinil) -L-fenilalanina0 

34. Un compuesto segün la reivindicaci6n 20 an el que 

R6 as hidrógeno. 

35. Un compuesto segn la reivindicaci6n 34, an ci que 

R2 as aiquilo C15; R3 as hidr6geno; R4 as hidrógeno 0 

haiógeno y R5 as hidrógeno o aiquilo C. 

36. Un compuesto segtin la reivindicaci6n 35, an ci quo 

R1 as Y-1. 

37. Un compuesto segtn la reivindicacin 36, an el que 

R22 y R23 son aiquilo C6 o hai6geno y R24 as hidrOgeno. 

38. Un compuesto segün la reivindicaci6n 37 que as N-

((2-cloro-6-metiifenii)carbonhi]-4-(5-cioro-1-metil-2-oxo--3-

piridinil) -L-feniialanina; 

N- [(2-cioro-6-metilfenil) carbonil] -4- (i-metii-2-oxo-3-

piridi-nil) -L-fenilaianina; 

N-E(2-cioro-6-metilfenil)carboniil-4-(1,4-dimetil-2-oxo-3-

piridinil) -L-fenilalariina. 

39. Un compuesto seglin la reivindicaci6n 36 en el que 

R22 y R23 son hai6geno y R24 as hidrógeno. 

40. Un compuesto segün la  reivindicaci6n 39 quo as la 

N- [(2, 6-diclorofenj.1)carbonil] -4- (1,4-dimetil-2-oxo--3-

piridi-nil) -L-feniialanina. 

41. Un compuesto segtln la reivindicaci6n 36 an ci que 

R22 y R23 son haiógeno o hidr6geno y R4 as alcoxi C. 
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42.42. Un compuesto seglin la reivindicacIón 41 

que es N-f(2-bromo-5-metoxifenil)carbonil]-4-(1-tfletil-2-OXO-

3-piridinhl) -L-fenilalanina o 

N- ((2-bromo-5-metoxiferiil) carbonil] -4- (5-bromo-1-metil-2-

oxo-3--piridirxil) -L-fenilalariina. 

43. Un compuesto segün la reivindica.ci6n 35, en el que 

R1 es Y-3. 

44. Un compuesto segn la reivindicac–6n 43 que es la 

4- (S-c1oro-1-neti1-2-oxo--3-piridinh1) -N- [11- (2-metoxietil) 

ciclopentil] carbonil] -L-fenilalanina. 

45. Un compuesto de la reivindicación 19, en el que 

R22 y R23 son halógeno o aiquilo C1, R4 es hidrógeno o 

alcoxi C1-6, R25 es un grupo de la fôrmula R6(CH2)e, en la 

que R26 es alcoxi C, Q es -(C2)f-, "e" es Un ntImero entero 

de 0 a 4 y "f es un nürnero entero de 0 a 3. 

46. Un compuesto segün la reivindicación 45 en el que 

R2 es fenilo- (aiquilo c1.6) o riaftilo- (alguilo Ci); R3 es 

hidr69eno, R4 es halógeno y R5, R6 Y R7 son hidr6geno. 

47. Un compuesto segün la reivindicación 46 en el que 

R1 es Y-l. 

48. Un compuesto segürx la reivindicación 47 que es 

la 4-(1-bericil-5-cloro-2-oxo-3-piridinil)-N- [(2-cloro-6-

metilfenil}carbonil] -L-fenilalani.na; o 

la 4-(1-bencil-5-cloro-2-oxo-3-piridinil)-N-U1-(2-

metoxietil) ciclopentill carbonil] -L-fenilalanina. 

49. Un compuesto de l.a f6rmula II 

2 
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en la que R2 -R5 y R.7 tienen los significados definidos 

en la reivindicaciôn 1 y P1 es un grupo Eec o carbobenciloxi 

Y P2 es un aiquilo C16 o aiquilo C6 sustituido 

50. Una composicióri farmacutica que consta de un 

compuesto segün una cualquiera de las reivindicaciones 1-48 

o una sal farmacØuticamente aceptable del mismo y un 

excipie te farmacØuticamente aceptable. 

5 . Un procedimiento de fabricación de una composición 

farmacutica que consiste en incorporar un compuesto segün 

una cualquiera de las reivindicaciones 1-48 o una sal 

farmacuticamente aceptable del mismo y un excipiente 

farrnacØuticamente aceptable a una forma de administración 

qalØnica. 
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r and s, which may be the same or different, is each zero or an integer 1; 

R5 and Rb, which may be the same or different is each an atom or group 

L2(CH2)pL3(RC)q in which L2 and L3 is each a covalent bond or a linker 

atom or group, p is zero or the integer 1, q is an integer 1, 2 or 3 and RC is 

5 a hydrogen or halogen atom or a group selected from straight or branched 

alkyl, -ORd [where Rd is a hydrogen atom or an optionally substituted 

straight or branched alkyl group], -SRd, NRdRe, [where Re is as just 

defined for Rd and may be the some or different], -NO2,-CN, CO2Rd, 

-803H, S02Rd, 00O2Rd, CQNRdRe, QCONRdRe, CSNRdRe, CORd, 

10 N(Rd)CORe, N(Rd)CSRe, S02N(Rd)(Re), N(Rd)S02Re, N(Rd)CONReRf 

[where Rf is a hydrogen atom or an optionally substituted straight or 

branched alkyl group], N(Rd)CSNReRf or N(Rd)S02NReRf; 

PJk2 is a straight or branched alkylene chain; 

m is zero or an integer 1; 

15 R2 is a hydrogen atom or a methyl group; 

R3 is a hydrogen atom or a straight or branched alkyl group; 

Ar is an optionally substituted aromatic group; 

and the salts, solvates, hydrates and N-oxides thereof. 

20 It will be appreciated that compounds of formulae (1) and (I a) may have 

one or more chiral centres. Where one or more chiral centres is present, 

enantiomers or diastereomers may exist, and the invention is to be 

understood to extend to all such enantiomers, diasteromers and mixtures 

thereof, including racemates. Formulae (1) and (ia) and the formulae 

25 hereinafter are intended to represent all individual isomers and mixtures 

thereof, unless stated or shown otherwise. 

In the compounds of formulae (1) and (I a), derivatives of the carboxylic 

acid group R include carboxylic acid esters and amides. Particular esters 

30 and amides include -0O2AIk4 and -CON(R4)2 groups as described herein. 

When in the compounds of formulae (1) and (1 a) L1 is present as a linker 
atom or group it may be any divalent linking atom or group. Particular 
examples include -0- or -S- atoms or -C(0)-, -0(0)0-, -C(S)-, -5(0)-, 

35 -S(0)-, -N(R4)- (where R4 is a hydrogen atom or a straight or branched 

alkyl group], -CON(R4)-, -OC(0)N(R4)-, -CSN(R4)-, -N(R4)C0-, 
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9 LR4)C(0)O-, -N(R4)CS-, -S(0)N(R4)-, -S(0)2N(R4)-, -N(R4)S(0)-, 
R4)S(0)2-, -N(R4)CON(R4)-, -N(R4)CSN(R4)-, -N(R4)SON(R4)- or 
R4)SO2N(R4)- groups. Where the linker group contains two R4 
stituents, these may be the same or different. 

A1k2 in the compounds of formulae (1) and (I a) may be for example a 
straight or branched C13alkylene chain. Particular examples include 
-CH2-, -CH(CH3)-, -C(CH3)2- and -(CH2)2-. 

10 When R3 and/or R4 in the compounds of formula (1) is a straight or 
branched alkyl group it may be a straight or branched Ci._6 alkyl group, e.g. 
a C1.3 alkyl group such as a methyl or ethyl group. 

When A1k1 in compounds of formula (1) is an optionally substituted aliphatic 
15 chain it may be an optionally substituted C1.10 aliphatic chain. Particular 

examples include optionally substituted straight or branched C1..6 aikylene, 

C5 alkenylene, or C2 alkynylene chains. 

Heteroaliphatic chains represented by A1k1 include the aliphatic chains just 
20 described but with each chain additionally containing one, two, three or 

four heteroatoms or heteroatom-containing groups. Particular 
heteroatoms or groups include atoms or groups 0 where L4 is as defined 
above for L1 when L1 is a linker atom or group. Each L4 atom or group 
may interrupt the aliphatic chain, or may be positioned at its terminal 

25 carbon atom to connect the chain to the atom or group R1. 

Particular examples of aliphatic chains represented by A1k1 include 
optionally substituted -CH2-, -CH2CH2-, -CH(CH3)-, -C(CH3)2-, 
-(CH2)2CH2-, -C H(C H3)CH2-, -(C H2 )3CH2-, -C H(CH3)CH2CH2-, 

30 -CH2CH(Cl-13)CH2-, -C(CH3)2CH2-, -(CH2)4CH2-, -(CH2)5CH2-, -CHCH-, 
-CHCHCI-12-, -c H2CHCH-, -CHCHCH2CH2-, 

-c H2CHCHCH2-, 
-(CH2)2CHCH-, -CC-, -CCCH2-, -CH2CC-, -CCCH2CH2-, -CH2CCCH2-, 
or -(CH2)2CC- chains. Where appropriate each of said chains may be 
optionally interrupted by one or two atoms and/or groups L4 to form an 

35 optionally substituted heteroaliphatic chain. Particular examples include 
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24 

for example ethylchloroformate, prior to reaction with the amine of formula 

(3). 

Intermediates of formulae (2), (3) and (4), or compounds of formula (1), 

5 may be manipulated to introduce substituents to aromatic or 

heteroaromatic groups or modify existing substituents in groups of these 

types. Typically, such manipulation may involve standard substitution 

approaches employing for example alkylation, arylation, heteroarytation, 

acylation, thioacylation, halogenation, suiphonylation, nitration, formylation 

10 or coupling reactions. Alternatively, exisitng substituents may be modified 

for example by oxidation, reduction or cleavage reactions. Particular 

examples of such reactions are given below. Where these are paticularly 

described in relation to the generation of the group R1 (Alki )r(L1 )s it will 

be appreciated that each reaction may also be used to introduce or modify 

15 R5 and/or R6 substituents in for example Ar groups as appropriate. 

20 

25 

30 

35 

Thus in one example, a compound wherein R1 (A1k1 )r(L1 )- Is a -L1 H group 

may be alkylated, arylated or heteroarylated using a reagent R1 (Alki )rX in 

which R1 is other than a hydrogen atom and X is a leaving atom or group 

such as a halogen atom, e.g. a fluorine, bromine, iodine or chlorine atom 

or a suiphonyloxy group such as an alkylsuiphonyloxy, e.g. trifluoro-

methylsuiphonyloxy or arylsuiphonyloxy, e.g. p-toluenesulphonyloxy group. 

The reaction may be carried out in the presence of a base such as a 

carbonate, e.g. caesium or potassium carbonate, an alkoxide, e.g. 

potassium t-butoxide, or a hydride, e.g. sodium hydride, in a dipolar aprotic 

solvent such as an amide, e.g. a substituted amide such as 

dimethylformamide or an ether, e.g. a cyclic ether such as tetrahydro-

furan. 

In another example, a compound where R1 (A1k1 )r(L )s is a -1-1 H group is a 

hydrogen atom may be functionalised by acytation or thioacylation, for 

example by reaction with a reagent R1(A1k1)rL1X [wherein L1 is a -C(0)-, 
C(S)-, -N(R4)C(0)- or N(R4)C(S)- group], in the presence of a base, such 

as a hydride, e.g. sodium hydride or an amine, e.g. triethylamine or N-

methylmorpholine, in a solvent such as a halogenated hydrocarbon, e.g. 
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dichioromethane or carbon tetrachloride or an amide, e.g. 
dimethylformamide, at for example ambient temperature, or by reaction 
with R1(Alk’1 )rCO2 H, R1 (Aik)4C0$H or an activated derivative thereof, for 
example as described above for the preparation of esters of formula (2). 

In a further example a compound may be obtained by suiphonylatlon of a 
compound where R1 (A1k1 )r(L1 )s is. an -OH group by reaction with a reagent 
R1 (A1k1 )1L1 Hal [in which L1 is -8(0)- or -802- and Hal is a halogen atom 
such as chlorine atom] in the presence of a bass, for example an inorganic 
base such as sodium hydride in a solvent such as an amide, e.g. a 
substituted amide such as dimethylformamido at for example ambient 
temperature. 

In another example, a compound where R1 AIk1 )<L1 ) is a -0 H group, 
may be coupled with a reagent R! OH (where R1 is other than a hydrogen 
atom) or R1AIk1 OH in a solvent such as tetrahydrofuran in the presence of 
a phosphine, e.g. triphenyiphosphine and an activator such as diethyl, 
diisopropyl- or dimethylazodicarboxylate to yield a compound containing a 
R1 (A1k1 )r0 group. 

In a further example, ester groups 1.0O2R4 or -CO2AIk4 in compounds Of 
formula (1) may be converted to the corresponding acid [-CO2H] by acid-
or base-catalysed hydrolysis depending on the nature of the grousp R4 or 
NO. Acid- or base-catalysed hydrolysis may be achieved for example by 
treatment with an organic or inorganic acid, e.g. trifluoroacetic acid in an 

aqueous solvent or a mineral acid such as hydrochloric acid in a solvent 
such as dioxane or an alkali metal hydroxide, e.g. lithium hydroxide in an 
aqueous alcohol, e.g. aqueous methanol. 

30 In a second example, -OR7 [where R7 represents an alkyl group such as 
methyl group] groups in compounds of formula (1) may be cleaved to the 
corresponding alcohol -OH by reaction with boron trbromide in a solvent 
such as a halogenated hydrocarbon, e.g. dichioromethane at a tow 
temperature, e.g. around -780C. 

35 
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i. Introduction Evidence has accumulated over recent years for an important role for VLA-4. 

2 
in inflammatory disease. Work with antibodies directed against VL.A4 or Its 

primarily ligand VCAM-1 and peptides that mimic the Lou-Asp-Val (LDV) VLA4 
3. V A inhibitors MNLA4 

binding epitope on fibronectin suggest that asthma, rheumatoid arthritis, 
4. Expert Opinion 

multiple sclerosis, 

atherosclerosis and inflammatory bowel. disease are ama-

nable to treatment with a VLA-4 antagonist. Several types of molecules, 
including humanised monoclonal antibodies, VCAM antisense poVynucle’ 

otides, peptide mimetics of the WV sequence and 4-substituted N-acyipheny lalariine derivatives, constitute the major compound classes currently Under development. Clinical trials with several compounds are underway with early reports of efficacy with the monoclonal 

antibody 
natali2umab in multiple sclerosis and Crohrt’s disease. Keywords: 41’ aflhi,Lnfl untoi3f drugs, cell edbesi.on, MAdCAM VCAM, VLA4 &put UpftL T&. Parena (2002) 12(7).9I-1008 . . . :. i. introduction . I.- ... -’,-Thu integrins constitute a large class of betmd1mric, cell surfine molecules Consist-lug of C and 3 chains, each of 

which has a large eXttaceflular domain and a shtt cytoplasmic tall, There are at least 14 dlftrant Cl,. chains Snd tight 3 chains known, which combine in a restricted manner, depending on cell type, giving 23 members of the Integrin family, each of which bind specific peptide ligarids. Integrins mediate a variety of cell functions, including adhesion, migration, activation and suivivat. Lymphocytes and leukocytes with the exception of neutrophils constitutively express the thtegrin cx431, very late acrivating.antigen’4 (VLA-4, Ct)4d/CD29) and are capable of expresing the closely ro4tad irstegrin, a4f37 (LPAM, lymphocyte Peyer’s patch cellular adhesion molecule) iii. Mouse and rat neutrophils are also capable of expressing low levels of VLA-4, at least during reperfusion 121. VLA-4 Interacts with. both vascular cell adhesion molecule-1 (VCAM-1, CD 106) and the alte*’natively spliced portion of the Type III connecting segment of fibroneetin known as the CS-I region. The predominate form of VCAM- I contains seven extrarellular hamu-S moglobulin domains, a transmembrane domain and a short Cytoplasmic tall. There. is homology between domains 1 - 3 and 4 6 suggestIng that they arose from a gene duplication event. The critical epitope of VCAM-1 for recognition of VLA-4 or (X7 Is the sequence -QJD(40)SPL-

 in domain 1, of which Asp40 Is essential 13-61. Crystal stnjcwres of a fragment containing the two N-teruilnal domains show that this sequence lies on an exposed area of the C-D loop £il. A related sequence on the CS-1 segment of fibronectin .. .LDV... is responsible for Its interaction with VLA-4 19-111. Compounds based on these sequences have fuelled rnudi of the effort in srriall molecule VLA-4 antagonists. A recent report stating that VLA-4 also binds to the N-terminal fragment of oste-opontin resulting from thrombin cleavage, but not fu04ength osteopontln, may also S ’ be of significance as both osteopontini and thrombin are present at sites of  inflam-mation. The osteopomin cleavage fragment (OPN 17-168) or either of the two pep- - j tides ELVTDFPThLPAT (OPN 131-143) and SVVYQLR (OPN 182-188), - . identified by fragment screening are Independently able to mediate adhesion of 2002 q) Ashley Publicalion s LW ISSN 1354-377,6 

S . .. . -. . .. 
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VLA-4 expressing cells 1121. Intracellular adhesion molecule 
(ICAM)4, is a member of the Intracellular adhesion molecule 
subgroup of the Immunoglobuiln superfamily and is 
expressed on erythrold cells. Unlike other members of the 
class, ICAM-4 lacks the IILETP/S consensus motif and binds 
the VLA-4 integrin via an, as yet undefined epitope 1131. 

The iritegrin u437 also interacts with the same epitope as 

VLA-4 in both VCAM and the CS-1 region of fibronectin 
and with the mucosal addressln cell adhesion molecule-1 
(MAdCAM). However, the opposite Is not true; VLA-4 does 
not Interact with MAdCAM. The expression of MAdCAM Is 
limited to high endothelial venuies of gut associated lymu-
phold organs and lamina propria veriules and is involved in 
the trafficking of ct437 bearing lymphocytes to these mucosal 
tissues 1141. 

Integrins are involved in two-way signalling. The cyto-
plasmic tall of VL.A-4 Is linked to intracellular cmytoskeletal 
proteins and kineses 115-171. While the details of this signal-
ling process are largely unknown, the affinity of VLA-4 for 

Its ligands can be modulated by Intracellular pathways 

linked to chemokine interactions with G-protein-coupled 
receptors on leukocytes in a process referred to as inside-Out 
signalling 148,19, In addition, binding of leukocytes to 
VCAM or fibronectin causes marked changes In cell mor-
phology and Is crucial for regulating cell motility (outside-in 
signalling) 1201. Both the ct and 0 subunits are required for 
ligand binding, with affinity determined by their Juxtaposi-
tion under control of their contacts with proteins associated 
with the cyto*eleton 1211. 

Until recently, little was known about the structure of 
integrins. Structural studies, Including electron microscopy, 
support an extended extracellular domain with a bulbous 
head domain 1221. A 3 propeller motif in which the seven N-
terminal repeats are arranged in a torus has been proposed for 
the a subunit 1231 and a series of epidermal growth factor 
(EGF) repeats have been postulated on the stalk portion of 
the P chain 1241. A homology model of the putative metal ion 
dependent adhesion site (MIDAS) domain of the 0 chain 
based on 

known 

structures of the comparable domains of 
CD1 lb together with a model for ligand binding, have 
recently been proposed 1211. In an exciting development for 
the field, a 3.1 A resolution crystal structure of the related 
a3 integrin appeared confirming the presence of the pro-
posed structural features. 1261 A structure of a complex of cx 
with a cyclic peptide containing the signature Arg-Gly-Asp 
motif is now also available, This structure reveals that the lig-
and bridges the heterodliner with the aspartic acid moiety 
binding to a metal ion in the MIDAS domain on the -subu-
nit and the guanidine of the arginine binding two aspartic 
acids within the 0-propeller domain of the cc-subunit 1271. It is 
likely that comparable recognition elements exist on a4f31 for 
its ligands. These studies, as well as mutagenesis and biochem-
ical experiments, Indicate that the subunits are conformation-
ally mobile, moving between high and low affinity states in 

response to physiological stimuli 128281. 

2. Possible disease targets 

In response to lnflammnatory stimuli, locally released chemok-
lnes and cytokines activate VLA-4 and the related Integrin 
LFA-1 on the surface of circulating leukocytes and upregulate 

the expression of VCAM-1 on endothelial cells, respectiveiy. 

While VLA-4 Is constitutively expressed on leukocytes, CD4+ 
T cells 1301 and eosinophils 1311. it may be upregulated In 
response to Inflammation. Contact between E-, I.- and F-

selectins and their carbohydrate ligands on leukocyte and 

endothelial surfaces, in concert with VCAM, cause leukocytes 
to stick and begin to roll when in contact with blood vessel 
walls 132-341. This process provides an opportunity for firm 

adhesion to occur between these leukocytes and VCAM-1, 
expressed on the endothelial cell surface, and leads to a flat-

tening of the cells, followed by their transmigration from 
blood vessels to the extracellular matrix. Here they bind 
fibronectin and possibly other elements of the extracellular 
matrix and migrate along a chemokine gradient to the site of 
inflammation. Since many inflammatory diseases are charac-
terised by an Influx of lymphocytes and leukocytes, there is 
keen interest in the pharmaceutical Industry to find and test 
compounds with the potential to attenuate this process. 

Although the ligand for LFA-1, ICAM-1 is also expressed 
on endothelial cells and is involved in mediating leukocyte 
adhesion, expression of ICAM-1 is not as tightly regulated 
and thus, the LFA-1/ICAM Interaction is less specific. Corn-

pounds that inhibit this interaction are being targeted to neu-
trophll-rnedlated diseases, particularly psoriasis. The role of 
ICAM receptors In regulating cell trafficking has recently 

been reviewed 131,361. 

2.1 Asthma 
Asthma Is an Inflammatory disease characterised by accumu-
lation of activated CD4+ T cells and easinophils in lung air-
ways, resulting In the restriction of airflow and hyper-
reactivity of airway smooth muscle. VCAM expression and 
levels of soluble VCAM are Increased in asthma patients 
[37.38J. Furthermore, antibodies directed against VLA-4 block 
eosinophll accumulation, hyper-reactivity and Inflammation 
In mouse [3930], rat 1411 and guinea-pig 1421 models of allergic 
asthma. More recently, the peptide VLA-4 antagonist 
Bio12 11, (1) 1431 was shown to block late phase airway 
response and to attenuate carbacol induced airway hyperre-
sponslvity in a sheep model of allergic asthma. 

2.2 Atherosclerosis 

Recent data support an important role for upregulated 
endothehal VCAM-1 in mnonocyte migration Into the subinti-
mel space during the early stages of atherosclerosis [44-461, 
Mice In which the forth domain of VCAM-1 was knocked 
out (VCAM1°’° are viable, but produce only 2 �8% of 
the VCAM-1 or VCAM-1 mriRNA levels produced In the wild 
type. When crossed with low density lipoprotein (LDL) 
receptor null mice, the resulting LDLR’ VCAM-1 

992 Expert

 Opin, Them Pawnrs (2002) 12(7) 



3GG 
Tilley 

0 0 

c1’J:::::?
 

TiyrrLT450H 

I BQ 1211 

HO 0 

S 
IV, 

$ 

_k 

0 

3 A011067 

animals were paired with LDLW’ VCAM littermates and 
fed a high cholesterol diet for 8 weeks. While lipoprotein and 
cholesterol levels were comparable in the two groups, the 
extent of the atherosclerotic lesions in the aorta was signifi-
cantly reduced in the LDLW" VCAM-1’ mice (’ui. 
Treatment of normal or LDLR" mice on an atherogenic diet 
with a peptide mimetic derived from the LDV sequence over 
the course of 3 weeks significantly reduced the amount of 
lipid accumulation in their aortic sinuses 1481. 

Protein expression levels of VCAM- 1 and other pro-inflam-
matory proteins have been related to oxidative stress and it is 
suggested that antioxidants may be of benefit In disease states, 
such as atherosclerosis, mediated by the VCAMJVLA-4 inter-
action [491. Probucol (2) is under development in Japan for res-
tenosis (501 and closely related compounds, including the 
development candidate AGI 1067 (3), have been patented by 
AtheroGenics as Inhibitors of MCP.-1 and VCAM-1 gene 
expression (201,202). Phase ha clinical trials for restenosis have 
been completed in 305 patients treated with 70, 140 and 
280 mg doses of AGI 1067 or probucol, comparing coronary 
artery lumen size 6 weeks after angioplasty using intravascular 
ultrasound. The 280 mg dose proved effective and a larger, 
1 -year trial is now underway using this dose [3011. Workers 
from AtheroGenics have also described the inhibitory effect of 
dithiocarbamates, for example pyrrolidine dithiocarbainate 
(4) (511 and the nitrobenzene derivatives related to compound 
5 1521 on VCAM-1 expression. The potential contribution to 
their overall pharmacological profile from VCAM-1 expres-
sion inhibition is not clear from the available data on these 
antioxidants: however, this area is worth watching. 

2.3 Multiple sclerosis 
Multiple sclerosis (MS) and Guillain�Barre syndrome are 
autoitumnune diseases of the central and peripheral nervous 
systems, respectively characterised by an Infiltration of acti-
vated T cells and dernyilnatiort leading to neuronal degenera-
tion. Anti-VLA-4 and anti-1 antibodies have been shown to 
be effective In a number of animal models of experimental 

2 Probucol 

0 
-.,..- 

NNa 0  

cI 
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autoimmune encephalomylitis (EAE) (ssi, although the timing 
of treatment administration may be critical [54-57). Recently, 
preliminary results of the first human trials of the anti-a4 
antibody, natalizumab, were reported and will be summarised 
In Section 3.2. 

2.4 Rheumatoid arthritis 
Treatments directed to VLA-4 and 043 Integrins may have a 
role in rheumatoid arthritis, inflammatory bowel disease and 
reperfusion injury. Fibroblast-like synovial cells express 
VCAM-1 and are involved the chemotaxls and survival of B 
and T cells, which mediate rheumatoid arthritis [58-60]. Anti-
bodies to VLA-4 were effective in rat models of adjuvant 
arthritis [611 and, as noted in the following sections, a few 
small molecule VLA-4 antagonists have also shown efficacy in 
animal models as well. The possible role of VCAIv!IVLA-4 in 
joint inflammation has recently been reviewed [621. 

2.5 Inflammatory bowel disease and Crohn’s disease 
Inflammatory bowel disease is thought to be mediated, at least 
In part, by VCAM and MACICAM expressed locally in gut 
mucosal tissues 163). Antibodies against Ct47 have been shown 
to reduce the spontaneous development of ulcerative colitis In 
the cotton top tamaran (64) and inflammation In mouse mod-
els of colitis [65,66J. Anti-VCAM is also active in the mouse 
dextran sulfate sodium (DSS)-induced colitis model (671. As 
summarised below, the humanised anti-a4 monoclonal anti-
body natalfzumab has been shown to be effective in the treat-
ment of Crohn’s disease in a small Phase II clinical trial. 

2.6 Reperfusion injury 
Recent publications indicate a possible role for VLA-4 In car-
diac [68.69), renal (70) and cerebral 11I1 reperfusion damage. In 
the former case, murine neutrophuls were shown to express 
VLA-4 after penetrating the extracellular matrix. Although 
these studies suggest VLA-4 is not Important for adhesion in 
this case, it may be involved In the coupling of superoxide 
release with cell�cell contact. 

Expert Qpai. That. Patents (2002) 12(7 993 
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27 Haematopoesis and fetal development 
In addition to the above, VCAM/VLA-4 interactions play a 

role in regulating the trafficking of haØmatopOletic cells [72,731 
and may help render myeloma and lymphoma cells resistant 
to apoptosis 174.161. VCAM expression Is required for embryo-

genesis VCAM knockout mice display placental and heart 
defects and, with the exception of a very small percentage who 

develop to adulthood; die by embryonic day 11.5 - 12.5 
171,781. However, animals in which the VCAM-1 gene was 
deleted after birth are viable and show defects in the homing 

of haematopoietic cells to bone marrow !79.80I Mice in which 

VCAM expression Is markedly attenuated are viable [44J and 
while there is little published Information on possible repro-
ductive toxicity of compounds targeting VLA-4 or (Z37, sev-
eral companies have drugs undergoing chronic studies in 

Phase U, suggesting that these compounds are free of major 
reproductive liabilities. 

3. VOAM/VLA-4 Inhibitors 

3.1 Antisense molecules 
The VCAM-1 airtisense ongonucleotide ISIS 18155, given at 
8 mg/kg, i.v., inhibits the number of rolling lymphocytes and 
the Inflammation scores in a rat model of indonrethacin 
Induced ileitis. Lower doses were not effective isil. The orally-
active oligonucleotide directed against a4, ISIS 107248 is 
being developed for MS by Antisense Therapeutics under 
license from ISIS Pharmaceuticals 13o2l. According to a corn-
party press release, clinical trials should start during 2002. 

3.2 Antibodies as drugs - natLlzumb 
Natalizuniab (Antegren, Protein Design Labs) is a mono-
dorial antibody humanised from a rnurine anti-4 antibody 
and is currently under joint development by Biogen and Elan 
Pharmaceuticals (821 Pharmacoklnetic studies have been car-
ried out In patients with MS at doses of 0.1. - 6mg/kg. Lv. 
The compound exhibits a long half-life, 70 - 177 Ii at doses 
of 1 and 6 mg/kg and a dose-dependent area under curve 
(AUC). Only rind adverse effects were observed consisting of 
transient headache and fatigue [83,841 

A group of 72 patients with relapsing-remitting or secondary 
progressive MS were treated with an Lv. infusions of 3 mg/kg 
rrataliauxnab or placebo at weeks 0 and 4 and were followed for 
24 weeks, Patients were evaluated for general well being and 
MS symptoms every two weeks for the first eight weeks and 
then every four weeks. Magnetic resonance Imaging revealed a 
significant reduction In new active (1.8 vs 3.6 per patient) and 
new enhancing lesions (1.6 vs 3.3 per patient) during the first 
12 weeks of the study, with no difference in the second 
1. weeks. The number of treated patients with acute exacerba-
tions was not different from placebo during the first 12 weeks, 
but was significantly higher during the 12 week follow-up (14 
vs 3) iss,aos. A Phase 111 clinical trial Is starting in which 2100 
relapsing-remitting MS patients will be treated for 2 years with 
natalizumab either alone or In combination with IFN-f. 

A Phase U study was carried out in a group of 244 patients 
with moderately severe Crhn’s disease (CDAI, Crohn’s Dis-
ease Activity Index, scores of 220 450). Treatment groups 
received placebo, a single 3 mg/kg Infusion or two Infusions 
of 3 or 6 mg/kg of natalizumab four weeks apart and were fol-

lowed for 12 weeks. Patients were assessed by means of the 

CDAI and changes in quality of life as reflected in an Inflam-

matory bowel disease questionnaire (IBDQ). The treatment 

group that received 3 mg/kg showed an Improvement In the 
CDAI score, of> 70 points by week two, which was main-

tained throughout the study. Remission as defined by a CDAI 
score of r 150 was achieved by 46% of the patients who 
received 3 mg/kg, compared with 27% in the placebo treated 
group. There were also significant responses as determined by 

IBDQ scores at weeks 6 and 12 in the patients who received 

two Infusions of natallzumab 186.87,3031. Side effects were gen-

erally mild and included headache, nausea, asthenia and uri-

nary tract Infections. A Phase III trial was scheduled to begin 
at the end of 2001. Five of ten ulcerative colitis patients 
achieved a positive clinical response in a small safety trial of a 
single 3 rug/kg Lv. dose [881. It Is not clear whether further 

work in ulcerative colitis Is ongoing with this drug. It is 

encouraging that patients exposed to natalizumab for up to six 
months do not exhibit significant side effects and that there Is 
a suggestion of efficacy in MS and Crohns disease. 

3.3 Small molecules as drugs 

There has been Intense Interest among pharmaceutical com-
panies over the past decade In discovering and evaluating 
new candidate VCAM/VLA-4 Inhibitors. The early WOik on 
peptide derivatives, mostly based on variants of the LDV 

sequence, has been published and led to a concerted effort 
particularly directed to phenyluriedo-LDV minretics. Myl 
phenylalanlnŒs constitute the second major class of active 
compounds, many of which are capable of inhibiting both 
VLA-4 and U mediated interactions with varying degrees 
of selectivlty. In addition, there are individual reports of 
compounds of other chemical classes, which are summarised 
In Section 3.3.4. Although reports are starting to appear In 
peer-reviewed journals, many of the novel structures are 
only available through the patent literature and poster pres-
entations at scientific meetings. In the sections that follow, 
the binding data cited are gathered under widely different 
protocols and are not useful for directly comparing com-
pounds, except when they are members of a series from one 
organisatlon. 

33.1 Cyclic peptide derivatives An early publication from Tanabe Research [89] reported the 

cyclic peptide 6, which was presumably originally designed 
as a constrained ROD mimic and Is a potent inhibitor of 
both the VLA4 and a5p, Integrins. NMR analysis Indicates 
that the N-terminal amino acid Is disordered, but that the 
ring system exists in a well-defined, relatively planar confor-
mation 1901. Subsequently, in a series of papers, scientists 
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from Genentech and Roche reported extensive structure�
activity and structural studies around this compound, lead-
ing to the potent and simplified N-terminal tyrosine deriva-
tive, compound 7 191,921. A further enhancement in potency 
was gained by incorporation of constraint Into the tyrosine 
to give compound 8, which Is - 1000-fold more potent In a 
VCAM�VLA-4 ELISA type binding assay than the lead 
compound 6 2033. 

From an extensive series of cyclic peptides built around 
the LDV motif, AstraZeneca chemists prepared the cyclic 
hexapeptide 9 (ZD7349), which potently inhibited the 
binding of MOLT-4 cells to VCAM (IC50 = 260 riM) and to 
fibronectin (IC50 = 330 nM) sai. Further profiling of com-
pound 10 in animal models indicates that it inhibits the 
development of ovalbumin-induced delayed type hypersen-
sitivity DTH) in mice when given via osmotic mini-pumps 
at a rate of 0.01 mg/kg/day s.c., as a 3 - 10mg/kg s.c. injec-
tion 4 h prior to challenge or as an i.v. bolus 20 h after chal-
lenge. ZD7349 given chronically to mice in a 14 day mini-
pump at 10 mg/kg/day also inhibited the development of 
collagen-induced arthritis at 3 mg/kg/day and delayed the 
onset of symptoms in an EAE model. 

ZD7349 was chosen for development of a prototype 
depot formulation through incorporation into a 50:50 
poly(d,l-lactlde-co-glycollde) depot form suitable for s.c. 
implantation. Unlike some potent compounds in the series, 
for example. compound 10, which was unstable at pH 3 
1941, compound 9 has adequate stability and is released from 
the polymer matrix at a steady-state over the course of 
17 days 192L 

OH 

8 (C 0.21 nM 

3.3.2 Linear peptides - LDV mimics 
The 10-amino acid fibronectin CS-1 derived peptide 
GPEILDVPST inhibits the binding of 51Cr labelled Jurkat 
cells to the CS-1 25-mer UC50 = 150 pM). Arrhenius at al. 
examined a series of truncated analogues and showed that the 
minimal fragment retaining activity was the sequence ILDVP 
(IC50- 250 j.tM) (951. Replacement of isoleucine with phenyla-
lanine and Inversion of the stereochemistry of the C-terminal 
proline lead to the sequence: FLDVp (1050 25 jiM), 
prompting a more extensive investigation of analogues based 
on LDV and culminating In the identification of the N-termi-
rial phenyl acetyl analogue compound 11 (IC50 = 0.5 jiM). 
Compound 11 at 6 mg/kg, was active in inhibiting oxazolone 
Induced DTH in the mouse over 24 h 12041. It also Inhibits 
both the early and late phase increase in bronchial resistance 
In sheep sensitive to ascaris suum, as well as the development 
of hyper-reactivity in these animals after b.Ld, treatment with 
30 mg/kg of compound 11 by aerosol for 3 days and 30 mm 
prior to and 4 h postchallenge on day 4 1961. 

CY9701 (11) Is an analogue in which an N-methyl group 
and C-terminal piperazines were added to improve proteolytic 
stability. CY9701 (100 mg/kg, intranasally, 5 mm before oval 
bumin challenge) decreased eosinophil influx to the lung, 
bronchial hypeivesponsiveness and the concentration of IL-4, 
L-5 and eotaxln In the bronchoalveolar lavage fluid in a 

mouse allergy model 72 h after antigen challenge 1971. 
Biogen medicinal chemists systematically varied both ends 

of the molecule and discovered that addition of a urea termi-
nating in 2-methyiphenyl led to a marked increase in. 
potency. The profound role of the phenylureidophenylacetyl-
moiety is evident from its adoption into LDV mimics by 
many pharmaceutical companies. Addition of a C-terminal 
proline gave Blo 1211 (1), which is a highly selective inhibitor 
of VLA-4 mediated binding (IC50 = 4 riM), It is - 500-fold 
more selective for VLA-4 than a4P7 integrins and is inactive 
in binding assays for inhibition of x5f, cxf31, affbpuk and 

CZLl2. After a single nebulised dose of 0.1 mg/kg to sheep 
sensitised to ascaris suurn, Blo 1211 inhibited the early phase 
and virtually eliminated the late phase increase in bronchial 
resistance 24 h after challenge 1451. Bin 1211 was licensed to 
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Merck and taken into the clinic for the treatment of asthma 
by aerosol administration; however, efficacy results in Phase 
I trials were disappointing. 

A very interesting observation made by Biogen scientists 
working with 3H-Riol21 1 is that Its dissociation constant and 
off-rate for binding to Jurkat cells Is highly dependent on the 
affinity state of the integrin. In vitro, this Is modulated by cat-
ion concentrations, In the presence of 1 mM Ca2 and 1 mM 
Mg the Kd of BiolZll was 20 - 40 nM and Improved to 
100 pM in the presence of 2 mM Mn2. A further enhance-
ment of Kd to 18 pM was observed when the binding experi-
ments were run In the presence of 2 mM Mn2l and 10 mg/ml 
of the activating antibody TS2/16. The effect Is due exclu-
sively to modulation of the off-rates; on-rates did not vary 
widely among experiments. Similar results were observed for 
Jurkat cells binding to the CS-1 peptide or to an Ig-VCAM 
conjugate suggesting that regulation of off-rates by metal ion 
concentrations and likely by the activation state of cells 
expressing VLA-4 may be general 1981. 

More recently the same group at Biogen discovered that 
binding of the related, more potent ligand, compound 13 
(Bio7662) is not dependent on the activation status of the 
cells, Furthermore, there is a complex interplay between the 
binding affinity of Bio 7662, 13, and that of Ca2l suggest-
ing that conformational changes needed to accommodate 
ligand and metal ion binding are thermodynamically 
linked. Binding of Bin 7662 exposes an epitope associated 
with integrin activation, termed the ligand induced binding 
site (LIBS) suggesting that It may be capable of inducing 
signalling (991. It will be very Interesting to determine the 
significance of this behaviour and whether it is also exhib-
ited by other compounds. 

Several companies have pursued related phenylureldophen-
acyl�LDV mimics; the most advanced of these is IVL-745 
(14), which Aventis has taken into the clinic as an inhaled 

antiasthmatic agent. IVL-745 is a potent Inhibitor of Ramos 
cell�fibronectin and �VCAM-1 binding with little effect on 

or cz407-mediated adhesion (100]. VCAM-1 binding to 
human lymphocytes and eosinophuls (101,1021 and the prolifer-
ation of human T cells induced by culture in the presence of 
immobilised anti-CD3 and rh-VCAM-1 are inhibited In a 
concentration-dependent manner [103]. When administered 
4 - 6 h prechallenge or 5 4 h postchallenge, Inhaled 3 - 

10 mg/kg doses of IVL-745 prevented typical lung his-
topathological changes and eoslnophil accumulation In aller-
gic Brown-Norway rats challenged with ovalbumin [104]. A 
number of related compounds reported in Aventis patents 
include compounds 15 - 18 1205-2081. 

The 3-fluoroprolinol (19) described in a Dalichi patent was 
active in VCAM-VLA-4 binding assays and demonstrated 
bloavailability of 16 and 59% in the mouse and the rat, 
respectively, after doses of 10 mg/kg, p.o. At a dose of 50 mg/ 
kg, p.o., t.i.d for 2 days compound 19 inhibited eosinophll 
accumulation in bronchoalveolar lavage fluid of mice sensitive 
to ascaris suum by 46%. At a dose of 5.0 mg/kg, b.l.d., It also 
limited pulmonary eosinophfla In rats induced over 24 h by 
treatment with compound 48/80 12091. AtraZeneca has also 
been active in this area; one representative compound is the 
dlether 20 [210]. 

Groups from Pfizer, Novartis and Bayer have each pub-
lished selective examples of their efforts In the area. As part of 
an effort to reduce the peptldic character, chemists from 
Novartis focused on substitution of the glycine nitrogen, lead-
ing to derivatives such as compound 21, which are essentially 
equipotent to the reference ]3io 1211 and highly selective for 
VLA-4 over other Integrins, Including a4137 [1051. Compound 
22 was one of the most interesting of a series of oxazole, iso-
oxazole and thiazole derivatives prepared at Pfizer. It was 
- 7-fold more potent than 12 In a Jurkat cell based binding 
assay and was effective after s.c. or intz’a-tracheal administration 
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in a mouse allergen challenge model at doses at which Bic, 
1211 was inactive (1061. The piperidine acetic acid derivative 
23 was selected from a series of analogues at Bayer for further 

evaluation based on its in vitro profile. Although it has a rea-

sonable half-life, there were no detectable plasma levels after 

oral administration (1071. In a variation on the diphenyturea 

theme, the berizoxazoles 24 [211] and 25 [212] have been 

reported In the patent literature, but with insufficient biologi-

cal data to assess their relevance. 
Texas Biotechnology has reported a series of ureas, includ-

ing compounds 26 - 29, which are very potent antagonists 

15 X = CH2 (Aventis) 
16 X = NH (Aventis) 

OH 
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(IC 0.4 - 1.5 nM) of VLA-4 binding to the CS-I peptide 

and > 1000-fold selective for VLA-4 over a437 (108-1101. 

TBC3486 (26) appears to be the lead compound; 3 mg/kg 

lntranasally and 3 and 10 mg/kg, Lp. were effective in a 

mouse lung Inflammation model and compound 26 Is also 

active In a mouse adjuvant arthritis model. The related ana-

logue, compound 27 has an IC50 value of 7 nM in the VLA-

4/CS-1 binding assay 12131. Texas Biotechnology has licensed 

their VLA-4 programme to Schering-Plough and is collabo-

rating with them on selecting candidates for development for 

the treatment of asthma. 
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3.3.3 AcvIhenvIaIani4es 
AcylphenyWanines constitute a second major class of VLA-4 
antagonists. The acyiphenylalanine core seems to be critical 
for activity but tolerates a remarkably broad array of substitu-
ants in the 4’positlon and on the phenylalanine nitrogen 
atom. Also, unlike the LDV mimics, which are generally 
highly selective for VLA-4, many members of the acylpheny 
lalanine class are dual inhibitors of the VLA-4IVCAM and 
u4f7/MAdCAM interaction, depending on their particular 
substitution patterni Since relative activities are determined 
using different cell lines that express VLA-4 (typically Ramos 
or Jurkat cells) or a4 (RPMI 8866 cells), it Is not possible to 
quantitate them, except by comparison of different com-
pounds in the same assays. Several companies, including 
Roche [1111 and Merck [1123, have used combinatorial or high 
through put chemistry effectively to elaborate early hit struc-
tures resulting from their screening efforts. 

From a series of thiaproline-tyrosine esters and ethers, the 
2,6-dichiorobenzyl ether, compound 30 (CT 5219) was 
among the most potent in a Jurkat cell-VCAM-1 binding 
assay (ICse = 35 nM). It was inactive against other integrins, 
except (Z437 (IC50 190 uM), and was highly stable towards 
plasma esterases. Given to sheep at doses of 0.03 - 3 mg/kg, 
i,v., CT 5219 Inhibited both the early and late phase increases 
in airways resistance caused by administration of antigen In a 
dose-dependent manner, and also Inhibited the increase In 
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airways hyper-reactivity at the higher doses [m]. It has poor 
oral bloavailabWty in rats and sheep and is subject to rapid 
elimination, particularly in rats [1143. 

In an attempt to understand the factors driving the phar-
macokinetics of members of the acyiphenylalanine class, 
Kopka et al. [1151 at Merck studied the pharmacokinetics of 
the simple derivative 31. Oxidation of the profine ring and 
hydroxylation of the aromatic ring were observed during 
In vitro metabolism experiments with rat liver microsomes 
and hepatocytes: however, the compound is excreted in the 
bile largely unchanged in vivo. The only major identifiable 
metabolite was the acyl glucuronide. Only those diastereom-
ers derived from (.S)-.phenylalanlne were active in a Jurkat cell 
binding assay. Side by side comparison of all four possible 
stereoisomers of compound 31 in the rat indicated that all 
four have moderate to good oral bloavailabiity (22 - 91%) 
and high clearance (30 .- 84 ml/mm/kg) as shown in Table 1. 
It is particularly interesting to note that clearance is not more 
closely linked to stereochemistry at either chiral centre. The 
results of further pharrnacoldnetic investigation of compound 
31 In rat, dog, sheep and monkey are summarised in Table 2. 
These data suggest that oral bioavailabiiity is achievable In this 
class but that clearance could be prornblematic [1151. 

IElan Pharmaceuticals and Wyeth Research, formerly Amer-
ican Home Products, have been collaborating on VLA-4/ 
VCAM antagonists for some time. The piperldine (32, 
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Table 1i Pharmacokinetic evaluation of all four diastereomers of 31 in rat’. 

31 (Merck) 

Isomer VCAM-lg/Jurkat IC50 nM F(%)t C, (ml/kg/min) Vdss (I/kg) t (h) 

S,S(31) 1.0 59 30 1.25 1.0 

PS 2,055 26 60 3.5 0.7 

RR 28,450 91 62 5.6 2.6 

S,R 152 22 84 2.0 0.8 

’Reproduced with permission from 11151. 
1doses: 1 mO/kg. i,v,; 2 mg/kg p.o. 

Table 2. Pharmacokinetic evaluation of compound 31 in various species’. 

Species F(%)* C1 (ml/kg/mm) Vdss (I/kg) t (h) 

S-D Rat 59 30 1.25 1.0 

Beagle dog 39 15.4 2.6 6.7 

Rhesus monkey 23 16.3 2.7 7.9 

Sheep 42 20 - 4.2 6.9 

eproduced with permission from 11151. 
1doses: 1 mg/kg. i.v,: 2 mg/kg p.o. 

CT767) Is an important lead compound. Introduction of the 
piperidine ring lowers protein binding as demonstrated by 
carrying out the Jurlcat ceflIHUVEC assay in the presence and 
absence of serum [li6,nr. The collaboration has produced 
many patents covering members of the acylphenylalanine 
class, although their broad scope and absence of may data 
makes their significance difficult to judge. 

Many investigators have identified the 2,6-dichioroben-
zoylamino moiety as a highly favourable substituent for the 4-
position of various acyl phenylalanines. Among them are the 
camphoric acid derivative TR-91 09 (33) from Tanabe Sei-
yaku w8l, N-(1-substltutedcycloalkylcarbonyl)-derivatives 34 
and 35 [2141191. the N-benzylpyro-L-glutamyl derivative 36 
[1201, N-(2,6-disubs1tutedbenzoyl)- 37 [1211 and the substituted 
ureldo (38) [2151 groups, all of which give low nanomolar inhi-
bition of the Ramos cell�VCAM Interaction. Crystal struc-
tures of analogues related to compounds 35 and 37 reveal 
compact gauche(-) conformations which are consistent with a 
bloactive conformational model of such compounds based on 

the NMR structure of the cyclic peptide 6. Other 4-substitu-
ants which are associated with high potency In the same assay 
include the imlde (39) [1223 and the imidazolldinone (40). 
[2161. Hoffman-La Roche has demonstrated that the phenyla’ 
lanine NH is not involved in receptor recognition with the 
publication of the activity of the ben2olactam 4111231. Squaric 
acid analogues have been explored In place of the aroyl- or 
alkanoy-moletles by a number of organisations, an example Is 
the amide 42 [1241. 

Several organisations have described carbamates derived 
from N-acyltyroshses. Typical among these compounds is the 
phenoxy-acetyl-leucyl analogue 43 12171 from GlaxoSmithK-
line. A series of N-prolyl derivatives, including compound 44 
[1251 from Merck and the squaric acid analogue 45 [2181 from 
Wyeth Research, represent further examples of structure types 
associated with potent activity in cell-based assays. Com-
pound 43 was reported to reduce both eoslnophll infiltration 
and airway hyper-reactivity In a guinea-pig asthma model 
when administered intratracheaiiy at 0.2 mg/kg 0.5 h before 
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and 6 h after ovalbumin challenge. GlaxoSmlthKline has an 
Inhaled VLA-4 antagonist in clinical trial (GW559090), 
which may be compound 43 or a close analogue. Both Roche 
and Novartis have disclosed 4-(substituted arninocarbonyl)-
N-acylphenylalanines and their activities as VLA-4 antago-
nists in cell based assays. Representative compounds include 
46 [126] and 47 [2181, In the case of Roche, it appears that the 
reversed amides prepared from 4-aminophenylalanines, such 
as compounds 32 - 38 are a more Interesting class based on 
their relative potencies. 

TR14035 (48) (2201 represents the first example of a new 
variation on the acylpheriylalanlnes In which the 2,6-dlcblo-
robenzamide typical of many of the more potent analogues is 
replaced by a phenyl ring with a hydrogen bond acceptor In 
the ortho position. The Increased lipophflicity thus gained 
translates Into improved oral bloavailability. In rats, F = 60%, 

5 h and in dogs, F = 25%, tj2 = 2.5 h 11271. Like other 
acyiphenylalaniries, TR14035 is cleared rapidly, largely 
through biliary excretion. IC50 values in Jurkat cell-CS-1 and 
RPMI cell-CS-1 assays for VLA-4 and ct37 inhibitory activi-
ties were 56 and 6 tiM, respectively, suggesting that TR14035 
is somewhat selective for c407 over VLA-4. Consistent with 
this finding, it also potently inhibits RPMI ceIIIVCAM and 
MAdCAM interactions. 

In addition, TR14035 inhibited the DNFB delayed type 
hypersensitivity In the mouse at doses of 10 - 100 mg/kg, p.o. 
and MLN cell migration to the DSS induced inflamed colon 
of mice at doses of 10 - 25 mg/kg, p.o. A dose of 30 mg/kg, 
p0, b,Ld. over 29 days caused a significant decrease In paw 

HN 

47 (Novartis) 

swelling relative to controls in a rat peptldoglycanlpolysaccha-
ride PGPS model of polyarthritls. Tanabe Seiyaku has 
licensed TR14035 to GlaxoSmithKline worldwide, except for 
parts of Asia, and it has been renumbered by the GlaxoSmith-
Kline organisation SB-683698. This compound has com-
pleted Phase I human trials with Phase II expected to start in 
2002 for asthma, inflammatory bowel disease, rheumatoid 
arthritis and MS 13041. 

Competing companies particularly Merck, have been 
actively pursuing biphenyl derivatives discovered from a com-
binatorial library follow-up to Initial screening hits. One pub-
lication from Merck describes phenylsulfonylprolyl- and 
azacyclobutylbiphenylalanines, such as compounds 49 and 
50. These compounds have IC50 values very close to those of 
Bin 1211 and TR14035 used as standards in a Jurkat cell-
VCAM-Ig conjugate binding assay, and are at least 100-fold 
selective over ct47/RPMI8866 cell binding. They have mod-
erate to poor oral bioavallability and generally rapid clearance 
approaching hepatic blood flow in rats. Compound 49 stood 
out In this series as having a 33% oral bloavailabifity In rats 
and low clearance (5 mi/kg/mm). Oral bioavallability in dog 
and monkey were low, 4 and 17%, respectively, and clearance 
was moderate, 25 and 12 ml/mm/kg, respectively. The 
favourable clearance in the rat Is the likely consequence of Its 
high protein binding, which is > 99.5% in both rat and 
human plasma [128]. 

Further work from the Merck laboratories on the related 
thiaprollne series characterised by compounds 51 and 52, 
indicated that inhibition of cz4131 is relatively independent of  -
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thiaproline stereochemistry and the size of the thiaproline acyl 

group. On the other hand, activity in the a4py assay is sensi-

�ive to both stereochemistry and the size of the Nacyl group, 
suggesting the ratio of the two activities can be modulated by 

design. The N-acetyl-S.thlaproline derivative 52 was the most 
potent of the dual-acting inhibitors [12$]. 

Merck chemists have also explored substitutions for the 
proline and thiaprolixie rings in this series. The tetrahydro-
furan 53 combines good potency in the cz4131 cell based bind-
ing assay, moderate selectivity over NP7 binding (24-fold) 
and moderately good pharrnacoklnetics in Sprague-’Dawiey 
rats (F = 42%, CL = 58 mI/ruin/kg, t112 3.4 h) [1301. Further 

work indicates that a wide variety of substituents are tolerated 
in the 1 -position of the tetrahydrofuryl moiety 11311 and that 
the oxygen atom of the tetrahydrofuran can be replaced with 
carbon 11321. Additional N-substitutions described by Merck 
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include the N-arylprolyl derivative 54 1133] and the N-pyri-

midinyl analogue 5511341. Hoffman-La Roche has explored 

heterocyclic analogues of the biphenylalanines; compound 56 

is an example of this class [221,222]. 

3.3.4 Miscellaneous 
There are a number of Individual reports of other chemical 
classes reported to inhibit VLA-4 VCAM-1 binding that 

should be monitered. Many are either very weak inhibitors rel-
ative to the LDV and acylphenylalanine derivatives noted in 
the previous sections, or they are described In the patent litera-
ture with no associated biological data. One exception is docu-
mented in a recent publication from Merck describing a series 
of orally bloavailable 0-pheny1alanlnes with good potency. An 
example is compound 57 (F = 52%, CL = 26 ml/min/kg, IC50 
= < 1 nM in a Jurkat cell/VCAM binding assay) tissi. Typical 
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novel squaric acid-containing structures appearing in recent 

patents from Ceiltech R&D are compounds 58 [223,2241 and 59 
(221]. The alloc amino acid derivative 60, reported in a recent 
Pfizer patent application, represents an interesting structural 
variation, although there Is no comparative data with other, 
better characterised compound classes as yet [226]. The bicyclic 
peptide mimetic 61 and related compounds have been 

described as a4131 antagonists in patents from Moleculo etics 
[227,228]. Finally, a patent from Ranbaxy describes sugars such as 
compound 62, which is reported to be active in a Jurkat cell! 
human VCAM binding assay (ICse = 7.5 riM) and is also 
highly effective in the mouse DNFE delayed hypersensitivity 
assay when administered i.v., s.c. or p.o. [229]. It remains to be 
determined whether compounds of this class work largely or 

solely through effects on VLA-4 or whether other mechanisms 
are involved. 

4. Expert opinion  

There is a great deal of anticipation concerning the p ten-
tial role of VLA-4/VCAM- 1 inhIbitors with and without 
concomitant inhibition of a47 mediated Interactions in 
the treatment of human inflammatory diseases. Earlyinter-
est In this field focused on linear and cyclic peptides and 
some were considered for development. Currently, mono-
clonal antibodies, such as natalizumab, LDV mimics and 
acyiphenylalanines are receiving the bulk of the attention. 
Since 1998, a large number of patents have been published 

Expert 

on small molecule inhibitors and these are now being fol-
lowed up by publications that help to clarify the areas of 
true interest. Most of these publications are directed to the 
discovery of active molecules; there is little data on their 
efficacy in animal models of inflammatory disease. One 
area where a deeper understanding needs to be developed is 
the desired selectivity between a401 and cL4137 inhibition for 
safety and efficacy in different inflammatory diseases. In 
addition, the finding that the off-rate of certain compounds 
is dependent on the activation status of the target cells sug-
gests that there may be an important difference between the 
pharmacodynanilc and the pharmacokinetic effects of these 
compounds. 

Clinical trials are presently underway, sponsored by Bio-
gen/Elan (monoclonal antibody), Merck (a LDV mimic 
and possibly an acylphenylalanine), Aventis (at least two 
LDV mimics), GlaxoSmithKline (two acyllphenylalanlnes) 
and Roche (acylphenylaianine). Other companies who may 
have compounds in or near clinical trials include Wyeth in 
collaboration with Elan and Texas Biotechnology in collab-
oration with Schering-Plough. Early reports, largely from 
Biogen/Elan suggest that patients tolerate chronic blockade 

Of 114 integrins and show signs of clinical efficacy in Crohns 
disease and MS. Natalizumab has a long half-life in 
humans, enabling once monthly dosing, whereas clearance 
and exposure after oral dosing are critical concerns judging 
from published work on the small molecule Inhibitors 
described to date. 
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Abstract. Circulating lymphocytes normally migrate through extravascular spaces in relatively 

. low numbers as important members of the iimnunosurveillance process. That is until signals are 

received by endothelial cells that there is an underlying infection or inflammatory condition. These 

vascular surface cells in turn overexpress and present ligands to circulating lymphocyte adhesion 

molecules. Upon encountering this higher density of ligands, lymphocytes, which had been 

leisurely rolling along the vascular surface, now become more firmly attached, change shape, and 

migrate through tight junctions to the sites of infection or inflammation, lithe initiating events are 

not resolved and the condition becomes chronic, there can be a sustained extravasation of lympho-

cytes that can exacerbate the inflammatory condition, which in turn will continue to recruit more 

inflammatory cells resulting in unwanted tissue destruction. It is for the attenuation of this cycle of 

sustained inflammatory cell recruitment that very late activating antigen4 (VILA-4) antagonists are 

being developed. Most lymphocytes, except neutrophils, express VLA-4 on their surface and they 

interact with endothelial vascular cell adhesion molecule-1 (VCAM-l). It is this interaction that 

VLA-4 antagonists are intended to disrupt, thus, putting an end to the cycle of chronic inflammation, 

which is the hallmark of many diseases. This review will provide an update of VLA-4 antagonists 

that have appeared since early 2001 and will discuss some of the issues, both positive and negative, 

that may be encountered in their development. ’a 2003 Wiley Periodicals, Inc. Med Res Rev, 23 No. 3 

369-392,2003 

Keywords: VLA-4; x4i; very late antigen 4; CD49D/CD29; VCAM-1 

1. INTRODUCTION 

The integrin VLA-4 (cx431, very late activating antigen-4) is a non-covalent heterodimer of the c 

(15 kt)a) and 0-(150 kDa) subunits. VLA-4 is constitutively expressed on most mononuclear 
lymphocytes, including eosinopbiles, monocytes, and basophils but is thought to be absent on 

circulating neutrophils. A counterligand for VLA-4 is vascular cell adhesion molecule-1 (VCAM-l), 
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wbleb is a member of the imniunoglobulin supexfaniily, and is found on endothelial cells. Its 
expression is upregulated in response to pro-inflammatory cytokines and chemokines. A recent 
discussion of the biological aspects of theVLA-4/VCAM interaction is recommended It includes 
a comprehensive description of various immune defense mechanisms and a detailed discussion of 
the mechanisms of cell adhesion, cellular immune response, and the role of VLA-4 in this complex 
machinery. The following discussion on VLA-4 biology includes some of the basic concepts and 
terminology useful to medicinal chemists and is intended to complement recent reviews."The 
major focus of this review is to provide an update of the many recent disclosures of novel VLA-4 
inhibitors, 

A. Iłtegths 

Integrins are a,P beterodhneric, transmethbrane receptor molecules consisting of a- and subunits 
found in certain ot and 0 combination on every mammalian cell type except red blood cells. There are 
fifteen - subunits and eight n -subunits that are non-covalently linked and expressed on the surfaces 
of cells in various combinations The integrin name was derived from their role in "integrating" the 
extracellular matrix with the cytoskeleton. The integthi superfamily is divided into three families: the 

, "very late activation" (VLA) family (3i) the leucam family (), and the cytoadhesin family (13s). 
Beta subunits 4-8 are not yet classified into families.’ The 0 l integrins were also known as VLA due 
to their delayed appearance on T-cells after activation. 

In a highly simplified scenario, binding interactions between lymphocytes flowing in the blood 
stream and the endothelial surface are mediated by a variety of adhesion molecules, including the 
selectins and VCAM-1 6Thesebinding interactions serve to slow the flow of lymphocytes in a process 
described as rolling and tethering. At endothelial surfaces adjacent to inflammatory sites, the greater 
density of VCAM-1 expression appears to lead to finn attachment and arrest of rolling cells This is 
followed by rapid cytoskeletal rearrangement of the bound lymphocyte, diapedesis through 
endothelial tight junctions, and migration to the inflammatory sites VLA-4 also binds tightly to an 
alternatively spliced segment of fibronectin, termed CS-i. This interaction Seems to provide firm 
adhesion within the extracellular matrix This interaction with fibronectin has been linked in multiple 
functional processes such as progenitor lymphocyte differentiation, T-cell proliferation, and trig-
gering of intracellular signals such as tyrosine phosphorylation of proteins in T- and B-cell7 

Another closely related (Y4 integnn the (,X407 heterodnner, also interacts with the same epitopes as 
VLA-4 in VCAM- 1 although the interaction is weaker8 The primary counterligand for M4N is the 
mimosal addressin cell adhesion molecule-i (MadCAM) located in the gut Both ix4 lntegnns (c43 
and c437) interact with the spliced CS-I region in plasma fibronectm The desire to develop specific 
VLA-4 antagonists with appropriate pharmaceutical properties has been challenging This review 

� will concentrate primarily on selective inhibitors of the VCAM-1/VLA-4 interaction and their 
therapeutic potential in treating a variety of inflammatory diseases. 

B. VU4/ECAM4 Adhesion 

As a part of immune surveillance process, lymphocytes are recruited to specific sites of infection 
and/or inflammation Normally lymphocytes circulate in the blood stream with only low numbers 
extravasathig through the endothelial wall to extravascular sites. At the sites of inflammation, the 
local release of inflammatory mediators such as cytokines (tumor necrosis factor alpha (TN) 
and niterleukm-1 (IL-i)) and chemokuies from activated T-cells and resident monocytes 
stimulate adjacent endothelial cells to overexpress cell adhesion molecules on their vascular surface. 
The elevated and prolonged expression of VCAM-1 had been observed in vitro as well as in the 
vasculature in vivo, both in experimental models and human diseases such as aiiograft rejection, 
atherosclerosis, allergic rhinitis, asthma, and cutaneous delayed hypersensitivity reaction.9 Rolling 
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lymphocytes begin to adhere more strongly via the selectins and their carbohydrate uganda and are 
arrested by stronger binding interactions with integrins. Interactions with integrins, apical 

� chemokines, and shear forces applied from the ever flowing blood contribute to events that lead to 
integrin clustering, cytoskeletal rearrangement, and eventual migration into target tissues via tight 
intracellular junctioxis.101’ 

The mechanism of these dynamic events has been emerging over, many years; the details of 
which are still not completely elucidated. An adhesion process has been proposed that lymphocytes 
extravasate by a sequence of tethering, rolling, arresting, and 4nigration. Circulating lymphocytes 
normally conduct surveillance by a loosely "tether and roll" mechanism on the endothelium surface, 
Upon encountering stimulatory signals, a rapid converslo of the rolling behavior to firm "adhesion" 
seems to take place. A i’ecent study demonstrated that utface-bund ebemokines can signal and 
modulate the activity of lymphocyte integrins during initial contact With the vascular: llgSfld.12 
fact the activation of the integrin by the ebemokines at the leukocyeendotheiutn contact zone 
takes place within milliscionds. Cheinokinc signaling triggers the lymphocyte to cluster VL&4 

� along the contact surface, which rapidly increases the effective concentration of VLA4IVCAM4 
interaction (clustering). This study found that it is the type and expression level of the 0 protein-
coupled receptors (GPCRs) that are activated, rather than the cell type upon which VLA4 is 

, 
expressed or the activation state of the VLA-4 that dictates the ability of the GPCR to enhance VIA-4 
tether. On the other band, it had been demonstrated earlier that high affinity VLA-4 subset are 
required for the firm adhesion. A mutant VLA-4 with the reduced affinity supported rolling 
and tethering but failed in adhesion.L3 Mother recent study established that in T-lymphocytes 
or resting T’cdll leukemia Jurkat cells p56 Is responsible for upregulation of Integrin 14 afflnity. 
The affinity regulation under physiological conditions was described in another report. ’5 The binding 
affinities and association and dissociation kinetics in real time were measured to examine affinity 
regulation In response to divalent cations and physiological mediators in two cell lines and blood 
leukocytes. The results support the idea that c4-integrin exhibit multiple affinity states and affinity 

� changes are regulated by the dissociation rate and conformation. The changes in affinity occur 
within seconds and are reversible in response to chemQkines and chemoattractants. The affinity 
change on different cell lines appears to be similar, with comparable affinities and off rates in response 
to different stimuli. However, the duration of the afflnit change vary depending on the nature of 
the stimuli. � 

� C. VU-4 Activation States 

� Like most integrins, VLA4 exists in "tow" and "high" affinity states. It is believed that the initial 
contact of VLA-4 with VCAM.-1 is through low affinity, multi-valent binding interactions.1618 As 

. mentioned above, activation of the lymphocyte is thought tp affect a conformational change in VLA4 
to a stronger, higher affinity state. Activated states of V144 may also be induced by various stimuli 

� including antigens, anti-T-cell antibodies, phorbol esters, the divalent cation manganese (Mn2), and 
selected 3i-specific antibodies. 19-21 

The terms "low" and "high" affinity states are relative terms and should not be enstruod to 
define two separate and distinct states of activation. Recent studios with a fluorescent labeled 
BlO 1211 analog suggest that the physiologically relevant state of activation lies somewhere between 

� a "low" or resting state and the Mn2 
or antibody activated staW.22 The addition of Mn2’T to TS2/16, 

an activating antibody, produces an activated state that ishigher than either Mn’ or TS2116 alone. 
Thus, there appears to be a continuum of activation states btween resting or unactivated integrin and   

series of "high" affinity states. � 

� When comparing the potency of VLA4 inhibitors from one laboratory to another, assay 
conditions must be taken into consideration. A compou$d that appears potent undór Mn2’4’ activa-
tion may be much less potent versus the resting or CafiMg" conditions. Even within a single 
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laboratory, the observed Kd values for B10121 1 ranged from 20 to 40 nM in the resting or Ca2/Mg2 

State of the integrin to 100 pm in the activated state when binding was measured after activation by 
Mn2 plus the integrin-activating monoclonal antibody 1S2f 16.22 Also, it is difficult to compare 
potencies from binding assays that employ a mono- or bivalent ligand with cell adhesion assays 

that may employ varying and undetermined densities of ligands (CS-1 or VCAM-1) on a plate. 

These ligand densities may in turn affect activation states. Tn terms of physiological relevance, 
given the role that shear forces may play in the activation of VLA-4 bearing cells, it is difficult to 
imagine that the static binding or cell adhesion assay conditions that are generally employed to assess 
inhibitor potencies will faithfully predict absolute potencies expected in vivo (serum protein binding 
and clearance mechanisms notwithstanding). Within a given laboratory, any assay will only give 
relative potencies among a series of inhibitors. Across laboratories, it would be useful if a "standard" 
inhibitor, such as B1O 1211, were used as a positive control to make more useful comparisons among 
different inhibitor classes. 

D. Therapeutic Potential for VLA-4 Antagonists 

Although steroids and other anti-inflammatory drugs with broad-spectrum activities are effective 
. in treating numerous inflammatory diseases, long-term usage is known to have unacceptable side 

effects, such as greater risk of infection caused by impairment of phagocytic leukocyte migration and 
function. Therefore, it is desirable to develop drugs that more selectively inhibit specific cellular 
functions without affecting normal immune surveillance in the treatment of chronic inflammatory 
disorders. 

As discussed above, leukocyte recruitment into the inflamed tissue is an essential physiologic 
process. However, this beneficial response can also lead to a chronic and detrimental inflammatory 
process. Since it appears that leukocyte infiltration is a key factor in the pathogenic process of 
many allergic and inflammatory disorders, finding inhibitors that target VLA-4 has been the focus of 
many pharmaceutical companies. The association of VLA-4/VCAM-1 in numerous animal models 
of human diseases is well documented. The positive Phase Ti clinical results thus far reported for the 
anti-c4 antibody, natalizumab (Antegren), in multiple sclerosis and Crohn’s disease confirm a role 
for VLA-4 (and/or ci4) in these diseases. Other potential human diseases for a VLA-4 antagonist for 
which there is supporting evidence in associated animal models are listed in Table I along with 
selected references. 

Table I. Potential Therapeutic Targets and Associated Animal Models for VLA-4 Antagonists 

Potential disease target Animal model 
Selected 

references 

Multiple sclerosis Experimental allergic encephalomyelitis in mice and rats 23-26 
Asthma Bronchial hyperresponsiveness in mice, rats, sheep, and guinea pigs 27-33 
Inflammatory arthritis Adjuvant-Induced arthritis in rats 34-36 
Type-1 diabetes Adoptive autoimmune diabetes in the NOD mouse 37-39 
Organ transplantation rejection Cardiac atlograft survival in mice 40,41 
Inflammatory bowel disease Spontaneous chronic colitis in cotton-top tamarins 42 
Contact dermatitis Allergic contact hypersensitivity in mice 43,44 
Nephritis Acute nephrotoxic nephritis in mice 45 
Tumor metastasis Melanocyte tumor progression in mice 46 
Thyrolditis Experimental autoimmune thyroiditis in mice 47 
Restenosis !schemic tissue damage following arterial occlusion in rats 48 
Allergies Inhibition of TH2 1-cell cytokine production in mice? 49 
Atherosclerosis LDLFr’ vs LDLR’ mice fed high fat diet 50-52 
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A. Cyclic Peptides 

Constrained peptide derivatives that contain the essential binding sequences found in VCAM-1 (IDS) 

and fibronectin (WV) have afforded a variety of potent VLA-4 antagonists. Previous mutagenesis 
studies of VCAM-1 implicated Arg36 to be an important contact residue. Surprisingly, deletion of Arg 

in la (Fig. 1) actually improved affinity in lb.5° In addition to Arg, Asp has also been implicated as an 
essential binding contact residue for ci4f31-mediated cell adhesion to fibronectin and VCAM-l. Again 
the aspartic acid residue in analog 2a could be replaced by alanine or serine as shown in 2b and 2c 
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(Fig. 1). Although 2c inhibited ct531 binding to fibronectin, it is over 1,000 times more potent as 
an inhibitor of the a4I3ifVCAM interaction. More importantly, the in vivo activity of 2c was 
demonstrated in a mouse model of lymphocyte gut homing to Peyer’s patches. The lack of structural 
similarity between peptides 1 and 2 and the VCAM- 1 CD-loop led to the conclusion that these cyclic 
peptides are not mimics of VCAM- 1 and that they bind tx4l in a different orientation or at a different 
site relative to the VCAM-1 CD-loop. A constrained tyrosine introduced in 3 further improved 
affinity. 

Although a loss of activity was observed when Asp-Pro were simultaneously replaced in the 
cyclic peptides, 53 the possibility of a replacement of the Asp-Pro moiety was investigated.54 An 
NMR-based conformation model of 2a was used as a starting point and each potential spacer was 
computed using the molecular modeling package Sybyl. Based on the modeling results, a series of 
compounds were then synthesized. As predicted by the modeling result, compound 4 was found to be 
approximately 17-fold more potent than 2a while possessing a more simplified structure. 

Concerned that the disulfide linker might be a metabolic liability, the corresponding carbacyclic 
structure 5 was also prepared, which led to a significant loss of activity.55 However, the replacement of 
one of the sulfur atoms in the disulfide 6a with a carbon atom, together with the incorporation of a 
constrained tyrosine as in 6b was found to be well tolerated .56 

Cyclic peptides using the LDV binding motif present in the 25-amino acid fibronectin peptide 
CS-I and the related binding epitope present in domain 1 of VCAM-1 within the region Arg-Thr-Gln-
Ile-Asp-Ser-Pro-Leu-Asn have been reported, including the earlier examples of cyclo(Me]]e-Leu-
Asp-Val-dAla-dAla) and Ac-cyclo(dLys-dfle-Leu-Asp-Val).57’58 They were reported to be active in 
an in vivo inflammation model at a dose of <0.1 mg/kg/day when administered continuously by a 
subcutaneous mini-pump. These compounds were found to be inactive after a bolus subcutaneous 
injection. In addition, their stabilities at pH 3 were less than desirable and they were quickly released 
from a polymer depot formulation. 

Cyclic peptides were identified which were compatible with biodegradable polymer formu-
lations, for example, poly(dl-Lactide-co-glycolide). The design principles were to use cyclo(lle-Leu-
Asp-Val-NH(Cfl2)5CO) and cyclo(lle-Leu-Asp-Val-D-Ala-D-Ala) as starting points, keep the Lou, 
Asp, and Val residues intact, and replace the rest of the amino acids and linking-group residues with 
various hydrophobic and basic amino acid residues. The premise was that hydrophobic and basic 
groups may also bring additional interactions with the polymer chain and the free carboxyl end groups 
of the polymer. These additional interactions should in turn reduce the rate of drug release from the 
polymer. These efforts afforded many more potent inhibitors. Their improved stability was evident 
in that many new peptides were also found to be efficacious when administered by a bolus sub-
cutaneous injection (0. 1, 1.0, and 10 mg/kg) 4 hr before ovalbumin challenge, in the delayed-type 
hypersensitivity (DTH) model. The optimized compound cyclo(MePhe-Lcu-Asp-Val-D-Arg-D-Arg) 
(ZD7349) was found to be active in two mouse models of inflammatory diseases: type U collagen-
induced arthritis (CIA) and experimental autoimmune encephalomyelitis (EAE). ZD7349 signi-
ficantly reduced the severity of CIA and delayed the onset of EAB. Finally, ZD7349 was tested in a 
prototype depot formulation and found to be released from the polymer matrix at a steady state over 
the course of 17 days. ZD7349 had been reported to be in preclinical development.59 

B. Linear Peptfdes-LDVMinwtics 

The progression of the earlier ILDVP to the LDV analogs and more recently to the phenyl-
ureidophenacyl moiety as LDV mimetics was recently reviewed.2 Several of these compounds 
demonstrated efficacy in animal models and were advanced into the clinic. Since the publication of the 
most recent review, extensive work to find less peptidic analogs has been investigated. In this section, 
only those publications and patents pertaining to linear LDV mimetics disclosed from 2001 to the 
present will be discussed. 
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The preparation and testing of various substituted imidazolidine derivatives as VIA-4 
antagonists has been reported.6° One of the more potent compounds 7 (Fig. 2) was reported to 
inhibit the interaction between U-937 cells and human VCAM with an IC50 of 0.8$ nM in vivo 
assay procedures such as leukocyte adhesion in rats, DTH in mouse, and anti-asthmatic action to the 
guinea-pigs were described, but biological resultr were not disclosed. Some of the potentially labile 
amide linkages were eliminated while maintainng poteJic Urea S is among the more potent 
compounds (IC 0.9 aM, Ramos cell assay) reported in this patent application. 

These LDV peptidomiinetics were divided into three regions: the aromatic cap, a suitable spacer, 
and a j3-carboxylate mimetic of Asp36 as illustrated in 9. A library consisting approximately 200 
compounds was syntbesized.62 Diamines were chosen as spacers in positioning the aromatic cap and 
the f -acid. The diphenyl urea cap was found to be essential for potency and that the para linked urea Is 
superior to the corresponding meta analog. Consistent with the discovery of B10121 1, improvements 
in activity were observed upon incorporation of the c’rtho-methyl substituont and even more strikingly 
upon introduction of the 3-methoxy moiety in the 

phenylacetyl 

portion as in 9 The central arnide 
appears to be a key pharmacophore in this series or perhaps Is imposing a particular collfOation,. 
which is essential for VLA-4 activity. Substitution at the c’ -position to the acid resulted in a tenfold 
improvement in potency. 

.Similarly, while keeping the bis-arylurea portion constant, the position of the acid on the phenyl 
ring and the distance between the acid and phenyl were varied.63 The most potent compound 10 had 
an 1050 of 0.5 iM in a Jurkat cell assay. While retaining the biatyl-urea, the possibility of finding 
antagonists comprising a more rigid and less polar acid head group was further explored. A variety of 
piperidinyl carboxylic acids with the associated conformational constraints were prepared One of 
the most potent compound 11 exhibited an IC50 of 0.30 iM in a Jurkat assay against VLA.4 and is 
highly selective (not active for integrius ccgPl or a,03, although, the activity for 043, was not 
discussed). The unbound fraction was found to be 2.6%.using intraperitoneal administration in mice. 
The systemic exposure was low after oral dosing. 

An interesting variant to the more common phenyl phenylacetic urea moiety was discovered. 
The potency of benzoxzole 12 is 0.5 tiM or less in the Ramos cell assay. It is interesting to note that 
although these compounds originated as LDV mimetics, the isopropyl side chain is not essential for 
potency and is generally absent. Related beazoxazole replacements for the bis-aryl urea had been 
reported earlier. 66,67 

Diazepine derivatives 13 were claimed as VLA-4 antagonists (VCAM’Ig IC so  0.35 tiM), 
These compounds offer a different constraint than that seen In 10-12, They seem to. place the 
carboxylic acid in a very different space from the piperidinQ analogs. They are repotted to have 
excellent oral bioavailability. 

Concerned with the peptidic nature of many of the earlier LDV mimics, the possibility of 

. 
generating antagonists that would retain nanomolar potency while eliminating peptidic features was 
explored. 9 The most potent examples of this effort are 14a-14d. The 

selectivity 

of these compounds 
against the integrin a4N is far better than previously reported peptide analogs (more than 1,300$old 
differential). In another patent, 24 analogs of this structure class were claimed without disclosure of 
any biological data,7° 

In an effort to improve oral bioavailability of the WV trizuer, the aspartic acid moiety was 
Incorporated into a heterocycle and the value was removed, thus reducing the number of 
metabolically labile amide bonds21 Compounds were screened for VLA-4 antagonist activity In a 
Jurkat cell ELISA assay and a human cosinophil cell-binding scintillation proximity assay (SPA). 
Isoxazole, isoxazoline, oxazole, and thiazole were equally potent (15a’45d). Modification of the 
length of the propionic acid side chain was found td be detrimental to potency. However, potency was 

again improved with the introduction of an ortho-methoxyphenyiurca as in 15e. Compounds 15a lSc, 

and 15e were also evaluated in an allergic mousemd1, measuring the effect on bronchoniveolar 
lavage fluid eosinophil influx after antigen challen4e. Compounds ISa, 1$c, and 18e were found to be ...................................... . . . . 
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efficacious with an ED50 of 20, 100, and.  ggft, respectively, when dosed by intra-tracheal 
instillation. At a similar dose, B101211 was inactive. Compound lSe was found to be efficacious 
following systemic administration (58% inhibition @ 10 mg /kg, sc) 

Tjreas of general formula 16 were claimed as VLA-4 antagonists.  The specifically claimed 
compound 16a is stated to have inhibited MOLT-4 cell adhesion with an IC50 value of 84 nM and a 
second derivative is stated to have shown an IC50 of 87 nM in the same assay. Apparently, some 
potency was lost when the urea was replaced with anilinobenzoxazole.73 One of the specified 
compounds 17 was stated to have IC50 value of Li i.tM in the same assay. 

C. N..Acylphenylairwine Derivatives 

The N-acylphenylalanines constitute a major new class of VLA-4 antagonists. As VLA-4 programs 
have progressed, the number of publications in this area continued to increase at an accelerated 
pace. As a result, only publications since 2001 are described in this next section. This class can 
be subdivided into phenylalannies having substituents in the 4-position as shown in Figure 3 and 
biphenylalanines as shown in Figure 4. 

Many investigators have identified the 2,6dicMorobenzoylaminł moiety as a favorable 
substituent at the 4-position of various N-acylpbenylalanines.74 ApproxifliateIy, 200 compounds were 
described in a patent application and tested for their VLA-4 antagonistic activity winch ranged from 
001 to 2,000 nM One of the most potent compounds 18a exhibited an IC50 of 001 nM in a soluble 
VCAM-Ig assay. 75 In a later patent, new urea and thiourea derivatives were claimed76 One of the 
preferred structure lSb had an IC0 value of 0,014 nM for inhibiting HL-60 cell growth in a cell 
proliferation assay. The structure can be further simplified by eliminating the urea moiety as in lSe, 
which still had an IC50 value of 0.1 nM for inhibiting 1-60 cell growth.77 

Another example of the 2,6-dichlorobenzoylamino 4-substituted phenylalanines is the 
beuzazepinone 19Y The incorporation of benzazepiiione in 19 was intended to mimic the bionctive 
conformation of its acyclic parent (ring-opened structure of 19 as shown) However, 19 is ap-
proximately sevenfold less potent than its conformationally more mobile parent 

Replacement of the 2,6-dichlorobenzoylainino moiety with 3,5-dichloro-pyndylannde as in 20* 
enhances the affinity of VLA-4 binding.79 However, rapid clearance of 20* was observed and there 
was evidence pointing to an active transport mechanism. Postulating that the -amicio group was 
responsible for the rapid clearance of this series of compounds, its replacement became the focus of 
further investigation Indeed the 3-cyclobutene 1,2-dione analog 20b was found to be potent and had 
an improved pharmacolcuietic profile The 3,5-dichloropyridylanude was also incorporated into a 
series of bicyclic amino acid derivatives of the most potent compounds 21 had IC50 of 7 nM in a 
Ramos cell assay. 

Another variant of this design feature is compound 22 which was found to be somewhat 
more specific for ci4I37 (IC50 - 1.2 aM) than for 401 (IC50 �27 j) 

81 It is noteworthy that the 
corresponding 2,6-dichlorobenzyl ether derivatives were approximately 100-fold less potent than 22 
This structure was simplified to offer improved selectivity and retained potency82 Compound 23 was 
one of the specifically claimed and had IC50 values of 1.0 and 18 nM for x41 and cr437, respectively. 

In an effort to improve the pharmacokinetics profile of this class of compounds, elimination 
of the amide N-H via incorporation of the nitrogen atom into a cyclic mnde was investigated.831be 
most potent compound 24 (IC 052 nM) is only twofold less potent than the corresponding acyclic 
2,6-dlcblorobenzoylamino parent. Reduction of the pbthalimide to the corresponding lactani 
provided a compound that was 25-fold loss active The presence of the second carbonyl group of the 
imide may cause the phthalimido group to rotate with respect to the phenylalanine aromatic ring thus 
providing a comparable nonpianar conformation as in the 2,64chlorobenzoylarnino group. 
Pyndones were also claimed in another patent. One of the specifically claimed compounds was 25 
which had an IC50 values of less than 100 aM in VLA-4/VCAM-1 cell -based screening in both rr431 and ci431 assays. 
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A series of 4-acylaminophenylalanine derivatives typified by 26 was also reported as potent . VLA-4 antagonists.85 The working hypothesis was that the cyclic peptide core (2a in Fig. 1) and 
4-acylaminophenylalanine may share key pharmacophores, such that one can overlay the five-
membered pyrrolidinone ring and the C-terminal carboxylic acid in structure 2a and 26 and then place 
the aromatic ring of 26 in the region of the disulfide bridge of the cyclic peptide. This hypothesis was 
supported in that 26 (IC50 = 4 nM) was reported to be equally potent to the cyclic peptide Ia. 

Related benzoate derivatives 27 were claimed as both c431 and cz4137 inhibitors.86 Compounds of 
the invention inhibited VLA-4 binding in vitro with IC50 values as low as I nM. Introduction of a 
carbamate at the 4.-position was reported to be key in maintaining potency for both cL4131 and c4t37.87 
For example, compound 28 was reported to be a potent dual ce4Oj/oc4N antagonist (IC50 = 0.13 nM vs. 
1050= 1.92 nM). 

Patent applications claiming various formulation and delivery methods for 29 have appeared.88 
Compound 29 was reported to be an antagonist of both ct4[31and a407.89

 The methods claimed 
included dry powder formulations and a device for administering 29 as an inhaled aerosol for the 
treatment of inflammatory diseases, especially asthma. Aqueous suspensions of 29 suitable for 
nebulization are also described.909 

Through modification of the ring size and substitution of the phenyl ring, 13-amino acids 
as illustrated by structure 30 were discovered as potent antagonists while maintaining a good 
pharmacokinetic profile (30a: IC50 = 0.49 nM, 30b: IC50 = 0,85 nM).92 A 4-substituent on the 13�
phenyl ring capable of hydrogen bonding seems to be preferred for potency. It was presumed that the . unnatural 13-amino acid derivatives may be less favorable substrates for carboxypeptidase. This was 
confirmed by the observation that no hydrolysis products were detected in rat plasma, bile, and urine 
samples unlike the corresponding c -amino acid derivatives. 

A series of pyridone ureas as VLA-4 inhibitors has been claimed in a recent patent application.93 
TBC-4746 had been selected as the pre-clinical lead (structure not disclosed). Compound 31 was 
among one of the more potent compounds claimed and had an IC50 of 3 nM in Ramos cell assay. 

An aspartate residue, located on a 13-turn connecting the C and]) 13-strands of VCAM-1, is critical 
for binding of VCAM-1 to VLA-4.94’95 The sequence L])V may share a receptor-binding site on 
VLA4 with an ROD sequence, which has been exploited for the identification of potent inhibitors 
of other integrins, notably M7503, and 133.96.91 These two motifs (LDV and ROD) are now widely 
accepted as a common binding feature among many integrin ligands. The aspartate residue is thought 
to be critical for binding due to its ability to direct coordination to a bound cation, notably calcium.98 
Screening of a carboxylate-containing library led to the discovery of a series of sulfonylated di-
peptides such as 32 (Fig. 4).99 The first and second amino acid preferred the (S) configuration. Many 
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Figure 4. Siphenylalanine derivatives. 

polar substituents on the distal ring of the 4-biphenylalanines were potency enhancing. The 
optimization of the pharmacokinetic profile of these compounds proved to be much more challenging. 
When a methyl group on the central proline of 32a was introduced, the resulting compound 32b 
showed a reduced plasma clearance and better bioavailability, presumably due to minimized cleavage 
of the amide bond in vivo. The methoxy compound 32b was potent and selective (IC50 �0.08 riM in 
a soluble VCAM-Ig binding assay). The introduction of a cyano group as in 32c improved the 
pharmacokinetic profile still further in rats (F% = 33, CL, = 5 ml/kg/mm, t‰ = 1.5 hr). However, 
compound 32c was found to be highly protein bound (>99.5% in human and rat plasma) and much 
less potent in a plasma shift assay where plasma was added to the binding assay, suggesting that the 
attractive pharmacokinetic profile of 32c was largely due to protein binding. 

In an effort to reduce protein binding, a variety of substituted phenylalanine derivatives were 
prepared. The compounds showed excellent potency with a wide variety of substituents on the phenyl 
ring. Heteroatyl ring substitution for phenylalanine was also well tolerated. The unsubstituted 
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compound 33 was found to have modest to good bloavailability in all four species (rat, dog, monkey, 
and sheep).’° ° The clearance rates across all species were moderate, with acceptably long half-lives. 
However, protein binding was still high (99.5% in human and rat plasma). 

Tetrahydrofuroyl pbenylaiarune derivatives were also reported to be potent VLA-4 antago-
nists in rhesus monkey, compound 34* exhibited excellent oral bioavailabihty and low plasma 
clearance (F = 51%, C1 3 ml/kg/mm). Again, protein binding may be a factor contributing to the 
apparent low plasma clearance as indiôated by a tenfold shift in the IC50 which was observed when the 
binding assay was run in the presence of 5% plasma In an effort to reduce plasma protein binding and 
improve the specificity for VIA-4 versus o43, a systematic study of substitution at the er-carbon of 
the tetrahydrofuran ring was undertaken ’()2The ether analog 34b was equipotent to the methyl 
compound and had a reduced plasma protein binding However, this reduction in protein binding also 
resulted in a significant loss in rat pbarmacokinetics (F = 2%; Cli, - Si mi)kg/mm). Substitution with 
acyl groups as typified by 34c provided a significant increase in potency and a significant decrease in 
protein binding which again resulted in a poor pharmacokinetic profile. 

In working with thioprolines, a hypothesis that one of the three major binding sites in VLA-4 is 
larger than that in cL401 was supported. "D3 When R is large, for example, a 3,5-dichiorobeuzene-
sulfonyl group in 35*, it is it potent (IC50 = 0.3 nM) VLA-4 antagonist but is less active against 
(IC50 = 306 nM) because the Si site of %4P7 is smaller than that of VLA-4 and unable to accommodate 
the large R group When R is small, such as an acyl group in 35b, the result is a dual VLA-4 
(IC50 = 0.20 nM) and cr (IC50 = 2.1 nM) antagonist. 

The central amide bond that is a common feature in almost all of the reported VLA-4 antagonists 
is also important in maintaining good potency. It was postulated that the amide carbonyl may be 
serving as a hydrogen bond acceptor and the amide nitrogen maybe serving as a hydrogen bond donor, 
To test the hypothesis that the amide bond hydrogen was providing a key binding interaction with 
VLA-4 and to move away from peptide-like inhibitors of VLA4, a series of aryl amines and 
heteroaryl amines were prepared and tested104 Pyrlmidme 36 was found to be potent against VLA-4 
(IC50 = 04 nM) and its potency was attributed to the anunopyridine hydrogen atom more effectively 
mimicking the amide N-H rather than binding interactions between substituents on the pyrimidine 
ring and the VLA-4 Despite the elimination of the amide bond, the pharmacokmetic profile of 
this compound was poor. Related pyridine, pynmidine, and tnazine derivatives afforded similar 
results. 105,

 

Through systematic modifications at each of the three phenyl rings, the discovery of (TR-14035) 
37 as a balanced dual x40/x431 antagonist was recently reported (IC50 cz407/1x431 = 7/87 ".107,108 

24-dicholoro substitution on the first ring was optimal 2,6-disubst.itution at the distal ring was also 
necessary to maintain potency implicating the importance of a twisted conformation of the biphenyl 
system Attempts to replace the metabolically labile metboxy groups resulted in loss of potency. 
Compound 37 is highly selective when tested against a5al, m6al ava3, and rz1i2 It has been shown to 
be orally absorbed in several animal species, was selected for clinical development, and has 
completed Phase I studies in healthy volunteers in Europe The introduction of alkoxy substituents 
at the 4’-position of the biphenyl nucleus of 37 was found to reduce clearance and improve 
bioavailability. 

The central N-sulfonyl-prolyl group of 32-33 was replaced with cyclic 13-ammo acids to afford 
VLA-4 and cz4f37 antagonists of the preferred compounds 38 inhibited adhesion of Jurkat cells 
to VCAM-1 with a. IC50 of less than 0.5 jiM. 

D. Unique Structures With Undisclosed Biological Data 

Enamine derivatives were claimed to be potent (IC50 less than 1 jiM) and selective (no or minimal 
inhibitory action on integrins of other subgroups) inhibitors of cx4 integrins."° The enamines as 
illustrated by the general structure 39 (Pig. 5) are claimed to possess the additional advantage of good 
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pharmacokinetic properties, especially low plasma clearance, although no specific data were 

provided. Thiapiperidines of general formula 40 are claimed as VLA-4 antagonists but their potency 

was not disclosed.111 Similar thioprolines or six-membered heterocycles were claimed as inhibitors 
of both a4f31 and a437.2 One or more these compounds 41 were claimed to give an IC50 of less than 
1 nM in a VCAM-Ig assay. 

Recognizing that peptidyl inhibitors are prone to poor absorption, poor solubility, and are subject 
to metabolism in vivo (both systemically and locally when administered directly into the lung), efforts 
were devoted to disguise the central amide bond as an oxazole. Two-structural classes of isoxazoles 
42 were claimed.’ 13 However, neither the potency nor the PK properties was disclosed. Squaric acid 
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Figure 5. Unique structures with undisclosed biological data. 
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derivatives 43 have been reported as inhibitors for both a4P1 and%4p7.114The Het group is an 
� optionally substituted bicyclic fused ring, heteroaromatic group, benzimidazole, or substituted 

isoquinoline."4’16The potency of these compounds was not discussed. However, it was emphasized 
in bath patents that many peptidic and non-peptidic carboxylic acids of therapeutic interest are subject 
to high hepatic clearance from plasma. These squaric acids compare favorably with functionally 
equivalent integrin binding compounds in which the squaric acid framework is not present because 
they are not rapidly or extensively extracted by the liver and have low plasma clearance (Cl. 5 10 mll 
mm/kg in rats). Pyrimidinyl phenylalanines like the one illustrated in structure 44 are claimed to have 
an IC50 less than 100 riM for both ci431 in VCAM, VLA-4 Ramos cell assay and r4 (MadCAM/ 
RPMI cell assay). 117 

Approximately 400 examples of inhibitors of r4 integrins were claimed in a patent 
application.’ 8 One of the most potent compounds (IC50 is less that 0.02 i.iM in VCAM-Ig assay) 
was 45 with equal potency to a4p,7. Tyrosine derivatives of the general formula 46 have been 
di’ g They generally exhibit inhibitory activity against m4 integrins with an IC50 of less 
than I pM. 
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I-aianine derivatives 47* were claimed as i4grin inhibitors.’ 20 It is interesting to note that in 

47 and 48, the common amide bond Is rep1ae4by bteroaryls such as pythnklines and triazines. The 

preferred compounds of 47* generally have Wso vidues in the czj and %4017 assay of 1 pM and 
below. Some selectivity was evident in that In the othr assays featuring (z integrins of other subgroups 
the same compounds had ICse values of 50 pM iand above. The corresponding -aznIno acid 
derIvatives 47b were claimed In a separate patent and are expected to have iC0 values of 15 pM or 
less, Mhird variation was claimed as represented by structure 47c which have iCs0 Value of 1 pM 
or less in the cz$l and c4 assay. Structures 48a and 48b represent the specied compound in two 
parents. There was no disclosure of speci& biological data, but the compounds are stated to display 
IC50 values of less than 15 pMin the binding assay.’ 24 

The central amide bond was replaced by arnidine 49 which was specifically claimed and 
� exenpIied by synthesis but with no specific biological thta.’’ Novel alkanoic acids are claimed as 

LO

rnimies 
Compounds

 are broadly divided inn alkanoic acids linked via an aromatic unit to 
a phenyl urea or 

(2-m hen 

Compound 80 is one of the specifically 
� claimed. Over 500 ludane derivatives 

were
 claimed as ,PLA-4 inhibitor with IC0 values ranging from 

100 nM to 100 The compounds were assessed It an airway inflammation animal model but no 
results were presented. $ is one of the five speeificali/ claimed compounds. 

. 3-Uro-phenyl acid derivatives 52 were claimed in a patent sppIication.’ Biological data 
were not presented. ?iuorenyl derivative 53 was one of the several specifically claimed VLA4 
antagonists from a patent application. 129 It is an interesing structure because It locks the two phenyl 

ring in a 

rigid planar conformatiofl while other data suggest that the 
two 

distal 
aromatic rings need to be perpendicular to each other. However, no biological data were given to assess its potential. Finally, � substiutedbipheuylalaninc derivatives 84 were claimeas, cr4 inb1bitrs.3° Biological data were not presented. . POTENTIAL LI4BILZT1R$ OF VIA-4 INIØITION A4 DceiopmentaI Issues Pharmacological antagonism of VLA4 during certain tages of development may have dire con-sequences if the results of gene knockout experime4ts are recapitulated. Oee knockouts of the integrin cs-subunit or the

 ligand VCAM- I in hoaygous null mice resulted in embryo-letha1lty.135 This lethality apparently arose from the filure of specific tissue fusion events during � � two critical stages of development. Defects In cborio-aflantoic fusion in the knockout mice prevented placentation. Furthermore, there were defects in epi..inyocardiai fusion during coronary vascular development. VLA-4 and its ligand VCAM-1 have been 1calized to the chorion and epicardium and S� � the allantois and niyocatdium, respectively during etitica stages of chorlo-allantoic and epicatdiab � � myocardial fusion. Inhibition of VLA-4 during these fusida events might be expected to *USe sevóre disruption of placentation and organogenesis. Xntiadon of cborlo-ailantoic fusion occurs In the mouse at an early stage of development (gestation days CD9 through 10). In humans, the expected sensitive period for anti-VLA-4 affects on placentation arid coronary vessel development would be � early In the first trimester of pregnancy, probably before tle pregnancy was contInued, Results of formal developmental and reproductive ioxicity studies of VIA-4 antibodies or inhibitors have not been published. Disruption ofcborio-aflantoic fusion In an ex vivo model of rat embryo development with VLA4 antibodies and Inhibitors has recently been reported.134 Wy neurulating rat embryos (0D9 and 10) were cultured and

 exposed to exocoelomic micromujection of TAZ a VLA-4 blocking antibody, or cultured with a series of potent small molecule inhibitors of � VLA4 An inhibitor with affinity only for the Mn-actIvaed or "high affinity" state of VLA4 did not cause any delecr.s in chorlo-aliantoic fusion, whereas tbe antibody and dual inhibitors of both the � Mn-aetivated and unactivated or "low affinity" Ca24 Mg$tate of VLA-4 caused abnormal 
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fusion of these tissues. A dose titration of one particularly potent inhibitor (Mn IC50 = 70 pM; C2, 

Mg24 IC50 = 60 pM) had a no effect level (NOEL) of only 156 nM. The activation state selectivity of 

inhibitors, the contribution of protein binding, and further developmental issues were also discussed. 
This ex vivo model is not a replacement for in vivo studies since there are neither maternal barriers nor 

mechanisms for clearance of the compounds; the embryos are literally awash in inhibitors. Thorough 
developmental and reproductive toxicity studies are necessary to convincingly assess the potential for 
embryonic toxicities of VLA-4 inhibition. 

B. Effects on Hematological Processes 

VLA-4 plays a critical role in hematopoetic development of lymphocytes. 135-138 VLA-4 is present on 
bone marrow-derived bematopoietic cells. t3941 Likewise, its ligands VCAM-I and CS-i are found 
on bone marrow stromal Cells. 142

 VLA-4 and VCAM-I expression are regulated during skeletal 
muscle differentiation and their interaction appears to be important in the generation of secondary 
my0blasts.143 }lematopoietic processes have been blocked in vitro by antibodies to VLA-4 or 
VCAM.’’15 Increases (1.5-2-fold) in circulating hematopoietic stem cells have been observed 
in vivo after administration of antibodies to VLA-4 or VCAM-1.14150 Chimeric mice that are 
deficient in the expression of the sub-unit also exhibit changes in hematopoietic processes. 151,152 

It would appear that VLA-4 plays an important role in the normal development of lymphocytes, 
erythrocytes, and myocytes. Transient increases in white blood counts may be of little consequence 
given the normal, daily variation. However, the long-term consequences of sustained increases 
in lymphocyte counts for any individual are unknown. The impact on normal host defense processes 
will need to be evaluated in carefully controlled clinical studies of VLA-4 antibodies and small 
molecule inhibitors. 

4. SUMMARY 

Realization of the therapeutic potential of inhibiting the binding of integrins to their respective ligands 
has met with mixed success. Several a2bk, antagonists have proved to be medical and commercial 
breakthroughs while others have been withdrawn from further consideration for lack of efficacy and/ 
or unacceptable side effects. Effective control of coagulation via inhibition of platelet aggregation 
is clearly a delicate balance. It is still too early to assess the clinical potential of ocP3 antagonists in 
osteoporosis, arthritis, and/or cancer as these vitronectin antagonists are just now entering more 
advanced clinical trials, Likewise, VLA-4 antagonists are only beginning to enter later efficacy trials 
in the clinic. The early success of natalizumab in the treatment of multiple sclerosis and Crohn’s 
disease offers hope that inhibition of VLA-4 will be effective in treating these inflammatory 
conditions. The contribution of migrating lymphocytes to chronic inflammatory diseases as such may 
be found in asthma and arthritis is as yet unsubstantiated in clinical trials. The ongoing studies with 
advanced compounds will hopefully afflnn the enormous effect that many researchers have con-
tributed to the emerging field of VLA-4 antagonists. 
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The Discovery of VLA-4 Antagonists 
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Abstract: Starting with a cyclic peptide of moderate potency as a VI,A-4 antagonist, highly potent and confbrmationally 
defined cyclic peptides were developed incorporating a constrained tyrosine and an achiral Asp-Pro spacer. N-Acyl 

phenylalathne derivatives were also discovered to have VLA-4 antagonist activity. During the course of development of 
this series, we found that the active acyiphenylalanines mimic the pharmacophores present in the cyclic peptides and 
hypothesized that they bind to the same site on VLA-4. This insight guided our optimization strategy. Based on the 
emerging SAR, as well as insights from the recent X-ray crystal structure of the integrin xv133 bound to a RGD containing 
cyclic peptide, we propose a binding model for these compounds. 

INTRODUCTION 

The integrin VLA-4 (a431) interacts with vascular cell 
adhesion molecule (VCAM), which is conditionally 
expressed on endothelial cells in the presence of 
inflammatory cytokines, as well as with the intercellular 
matrix protein fibronectin. VLA-4 is expressed on a variety 
of leucocytes including B-cells, T-cells, basophils and 
cosinophils and is involved in the recruitment, activation and 
survival of these cell types. Interest in modulation of the 
VCAM/VLA-4 integrin interaction developed in the 
Hoffmaim-La Roche laboratories with the publication of 
several papers suggesting that antibodies against VLA-4 
inhibited leukocyte trafficking and contact hypersensitivity 
in rodents [1-4] and were active in rodent models of 
rheumatoid arthritis [5-7], asthma [8,9], and inflammatory 
bowel disease. [10,11] Furthermore peptides that mimic the 
CS-1 connecting sequence of fibronectin were also known to 
be capable of inhibiting VCAM/VLA-4 binding and of 
suppressing the development of arthritis symptoms in rats. 
[12,13] The later results were particularly encouraging as 
they suggested that, like other integrin-integrin receptor 
interactions, the VCAMJVLA-4 interaction might be 
susceptible to interruption by small molecule inhibitors. 
More recently, positive results of two clinical trials of the 
humanized anti-alpha4 antibody, Natalizumab, in Crohn’s 
disease and multiple sclerosis were published, validating the 
potential for alpha4 integrin antagonists in human disease. 
[14,15] 

CYCLIC PEPTIDES 

The publication of an early patent application by the 
Tanabe organization describing a series of cyclic peptides. 
provided us with a starting point for a chemistry effort. In 
particular, Tanabe workers indicated that the peptide 1 was 
an effective antagonist of VCAMIVLA-4 binding and that 
related cyclic peptides inhibited the interaction of the 
integrin ct5I31 with the matrix protein fibrinogen. [16,17] 

*Address correspondence to this author at Roche Research Center, 340 
Kingsland St., Nutely, NJ 07110, USA; Tel: 973-235-4660; Fax: 973-235-
6084; mail: Jeererson.Tilley'roche.eom 
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Since workers from Tanabe demonstated that VLA-4, like 
other integrins known at the time, including cL501 and 
a2bt33a recognized the peptide sequence Arg-Gly-Asp, [18] 
we believed that the activity of 1 was associated with this 
sequence as well. 
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Together with our colleagues at Genentech, we initiated 
structure-activity studies on 1 in order to validate the above 
assumption and to map the essential pbarnmcopbores 
responsible for VLA-4 inhibition. Compounds were assayed 
for VLA-4 antagonist activity using a solid-phase, dual-
antibody. ELISA in which VLA4 derived from Ramos cells 
was allowed to compete for bound recombinant human 
VCAM in the presence of serial dilutions of test compound. 
VLA4 bound to VCAM- 1 was detected by a complex of 
anti-tM antibody and HRP-conjuated anti-mouse IgG: 
chromogenic substrate (K-Blue). I91 A secondary, cell 
based assay was also established in which fluorescently 
labeled Ramos cells were allowed to compete � for 
immobilized VCAM. As our work progressed, we noted that 
we needed to achieve potencies of _< I nM in the ELISA 
assay to observe consistent sub-PM potency in the more 
stringent Ramos cell based assay where it is necessary to 
disrupt a matrix of interactions across the cell surface. 

We established early that the N-terminal FCA-arginine 
present in I could be replaced with a surprisingly diverse 
array of acyl groups. One of the most potent examples of 
them was the tyrosine derivative, 2. [20] Our Genentech 
coworkers further found that the aspartic acid moiety was 
also dispensable and could be replaced with a variety of 
amino acids and linear spacers. For example, the alanine 
analogue 3 is equipotent with the initial lead compound. 
Taken together, our structure-activity studies suggested that 
a free carboxylic acid at the C-terminus, one of a variety of 
N-acyl groups and a hydrophobic moiety, represented by the 
thiaproline in I and the prolines in 2 and 3, were essential 
pharmacophores. 

We were intrigued by the possibility of incorporating 
these results in the design of Asp-Pro dipeptide replacements 
that intregrate both a hydrophobic portion capable of 
mimicking the proline interaction as well as a suitable spacer 
to maintain the appropriate geometry and conformational 
constraints of the cyclic peptide ring system. Cyclic peptides 
related to 1 are rather well defined eonfornmationally. For 
example, NMR studies of 1 revealed that although the 
position of the N-terminal residue was indeterminate, the 
ring is well defined, forming essentially two families of 
conformers, which differ only in the directionality of the 
disulfide linkage as shown in Fig. (la). The ring system is 
nearly planar with the two amide bonds within the ring 
oriented perpendicular to the ring plane in opposite 
directions to minimize the net dipole. As a consequence, 
both are highly solvent exposed. 

Since the ring conformation seems well conserved, we 
were primarily concerned with the positions of the 
hydrophobic groups relative to the exocyclic bonds leading 
to the N-terminal residue and the C-terminal carboxyl group 
which are defined by the ring geometry. Thus, we modeled 
analogues by displaying a single member of the most 
populated conformer family of I and manually building in 
potential spacers using the molecular modeling package 
Sybyl. each new structure was minimized, subjected to a 
short molecular dynamics run and reminimized using the 
maximin function within Sybyl. The suitability of individual 
mimetics was evaluated visually by inspecting their overall 
effect on ring conformation. 

As a result of this effort, a series of l-(anminoalkyl) 
cyclopentane carboxylic acids was designed as easily 
accessible, achiral dipeptide mimetics. As illustrated in Fig. 
(Th), modeling experiments suggested that a derivative 
incorporating the I -(2-aminoethyl)cyclopentane carboxylic 
acid linker, 4 offered the best opportunity to preserve the 
ring conformation. Incorporation of shorter spacers caused a 
considerable shift in the key vectors and thus changed the 
relationship between the critical N-terminal tyrosine and the 
C-terminal carboxyl group. Thus a series of homologous 1-
(auænoalkyl)eyelopentane carboxylic acid spacers was 
synthesized and incorporated into analogues of 3. As shown 
in Table 1, the data support the modeling predictions that the 
anminoethyl derivatives 4 and 6 are preferred over their 
homologues S and 7. [21] It is interesting to note that while 1 
has a 14-membered ring, the ring in analogue 4 is one atom 
smaller. 

An additional finding by the Jackson group at Genentech 
was that incorporation of a constraint in the N-terminal 
tyrosine provided an additional enhancement in potency as 
exemplified by 8, which consists of a mixture of 
diasteromers. [20] Incorporation of this constraint into the 
peptide mimics described above led to the synthesis of 9 
which had the expected enhancement in potency. Since 9 
represents a relatively compact, low molecular weight 
structure with only three independent chiral centers and three 
amide bonds, we were intrigued to explore whether it could 
be further manipulated to improve its drug-like properties. 
We hypothesized that replacement of one of the sulfur atoms 
in the cyclic disulfide with a carbon atom, together with 
modification of the N-terminus of the cyclic core would 
reduce the metabolic liabilities that may be associated with a 
structure such as 9, while retaining the desired biological 
activity.. We also reasoned that since the geometry of the 
disulfide may be different from that of a thioether, the 
overall ring size might also affect the activity. However, 
molecular modeling suggested that carbon replacement 
would have minimal impact on the N- and C-terminal 
vectors as well as the position of the cyclopentyl moiety. We 
were thus encouraged to prepare the thioether analogues 10, 
incorporating the best features discovered so far to determine 
their effect on the VCAMJVLA-4 interaction. 

0. 
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Fig.. (1). (a) Overlay of the two most populated conformer families 
of 1 as determined by NMR. Of 42 lowest energy conformers, 28 
are represented by the green structure and 13 by the grey. The 
major differences among family members are in the position of the 
N-texminai residues which are not shown. (b) Overlay of the NMR 
structure of core ring system of I (green) and two spirocyclic 
systems where the Asp-Gly is substituted with 1-
(aminomnethyl)cyclopentaue carboxylic acid (light grey) or 
arriinoethyl)cyclopentane carboxylic acid (orange). 
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Table 1. Structure-Activity of Cyclic Peptide Derivatives with Asp-Pro Spacers. 
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The results of this study are summarized in Table 2. 
Replacement of a single sulfur atom by carbon, without 
altering the ring size resulted in only a relatively modest 
decrease in potency. More interestingly, there was a 
significant difference between the effects of substitution of 
the N-terminal sulfur atom and the C-terminal sulfur. In fact, 
the thioether 13 was at least 5 fold more potent than its 

9, X’S-SIC500.1nM 

10, X = H2 S CR2. C112SCH2 

positional isomer 11, while only 4-5 fold less potent than the 
parent disulfide 9 in the ELISA assay. [22] A similar trend is 
evident in the cell-based assay, although the differences are 
more pronounced. It is possible that the C-terminal sulfur 
atom makes a key hydrophobic contact with the receptor, 
and consequently, its replacement with a carbon atom results 
in a suboptimal interaction. 
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Table 2. Activity of Cyclic Thiocthers VCAMIVLA4 Assays. 

tic 

TiIieyet al. 
affl 

No. x 
Solid Phase Assay Ramos Cell Assay 

IC50 (aM) IC50 (eM) 

11 CRIS 2.7 220 

12 C142SCH2 35 � 

13 SCH2 0.5 20 

These cyclic peptides are highly polar, likely a 
consequence of the conformation of the ring system placing 
the amide bonds in a highly solvent exposed orientation. 
Pharmacokinetic studies of selected compounds from this 
class indicated that they were rapidly cleared and would not 
be useful as orally active drugs. However, we were interested 
in exploring this series further as possible inhaled agents and 
to better define the potency limits achievable with a small 
molecule VLA-4 antagonist. To this end, we elected to 
investigate a stereo defined synthesis of the constrained 
tyrosine and its incorporation into analogues of 9. An 
efficient synthesis of (2S,3R)-3-(4-hydroxyphenyl)proline 18 
was developed employing as a key step, a stereo selective 
Michael addition of the Sch011kopf reagent 15 to the 
hydroxyphenylcinnamic ester 14 as shown in scheme 1. [23} 
This intermediate was employed in the synthesis of 20 and a 
similar route was used in the preparation of 21-23. 

cn3ci 

14 co2c 

Scheme 1. 

Assay data for this series of compounds is shown in 
Table 3. From this data, it is readily apparent that (+)-trans-
isomers 20, 22 and 23 are highly preferred over the (;b)-cis-
and (-)-trans- isomers, independent of the nature of 
substitution on the N-terminal nitrogen. The activity is 
remarkably sensitive to the presence of the 4-hydroxyl 
group. For example, the corresponding phenyl derivative 24 
is more than 300-fold less potent than 20 in the Ramos cell 
based assay. Compounds 20, 22 and 23 represent the most 
potent VLA-4 antagonists we have seen and represent a 
benchmark for our small molecule program. 

In order to utilize this information in future design 
efforts, it would be necessary to localize the tyrosine 
hydroxyl group with respect to the key pharmacophores 
incorporated into the ring system. In an attempt to derive this 
information, we examined 20 by NMR. The seventeen 
lowest energy conformers are shown in Fig. (2a). As 

OMe MeO.,.. 

Gi3 N ,L 
)OMe 

6- Ome 
15 

MeOC 16 

(2S, 3R)-
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Table 3. Effect of Stereochemistry of Constrained Tyrosine Derivatives on Potency as VLA4 Antagonist Activity. 

OH 

0 

OH 

Cowpd Stareolsoiner P. ELISA ICSO am Ramos ICso aM 

1 3.4 65 

19 (*)-th Ac 1.70 3.2 

20  Ac 0.14 - 0.24 - 

-)-ans Ac 1.7 24 -21 

22 (+)-lrans -1-1 0.19 0.15 

23 (+)-trans - Pivaloyl 0.14 0.18 

anticipated based on our results with 1, the ring system is 
conformationaliLy well defined. Although the N-terminal 
residue has essentially free rotation about the exocyclic N-C 
bond, the position of the tyrosine hydroxyl group falls into a 
fairly narrow region relative to the other key pharina-
cophores. The effect of adding the constraint to the tyrosine 
is highlighted by comparison with the unconstrained 
analogue, 6 as illustrated in Fig. (2b). Careful examination of 
the 5-membered ring of the constrained tyrosine moiety 
reveals that it too exists in at least two rapidly interchanging 
conformations, which are not reflected in the conformations 
shown in Fig. (24). 

OH 

R’ 
0 NI-I 

24

 

This work demonstrated that molecules of MW <600 are 
capable of exquisitely potent VLA-4 antagonist activity. 
Large potency gains are possible by optimizing the N-
terminus of these molecules, but lacking additional 
information, development of a detailed understanding of the 
three-dimensional relationship of the pharmacophores is 

extremely challenging. In the next section, we will describe 
our efforts to apply these learnings in the context of the 
acylphenylalanine class of VLA-4 antagonists. 

ACYLPBJINYLALANJNES 

At the same time the SAR studies on the cyclic peptide 
leads were initiated, and guided by the belief that the 
arginine and aspartic acid were important residues that 
constituted the binding epitope, we searched our collection 
for compounds that incorporated the elements of a guanidine 
and a carboxylic acid separated by a spacer. As shown in 
chart 2, the acid 25, which had been prepared as a member of 
a series of interleukin 2 antagonists, [24] was found to be a 
weak VLA-4 antagonist, IC50 7 i.M. Since we had access to 
a large number of related compounds, we were able to 
quickly establish that the guanidine did not contribute to the 
activity and that potency could be improved by variation of 
both the N-acyl and the 4-substituents. The thiaproline and 
proline analogues 28 and 29 were prepared in recognition 
that the acylphenylalanines might be interacting with the 
same binding site as the cyclic peptides. Combining these 
modifications with the 4-carboxypentynyl- substitution 
present in 27 led to the relatively potent inhibitors 30 and 31. 
The sensitivity of potency to the structural features 
mentioned and consistency of these results provided us with 
confidence that the acylphenylalanines constituted a bona 
fide lead series. 

To facilitate our SAR studies, we divided the lead 
molecule into three parts as shown in Fig. (3) and choose to 
investigate the "N-Cap", the "Core" and the "Distal" regions 
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a. 

TllleyetaL 

1-0 

Fig. (2) (a) Overlay of the 17 lowest energy conformers of 20 as determined by NMR. (b) Overlay of the 20 low energy conformers of 6. In 
both Fig,s, the black balls represent the location of the tyrosine oxygen atoms. 

separately. SAR studies on the "Core" as summarized in Fig. 
(4) indicated that this portion of molecule is very sensitive to 
modification. The carboxylic acid and S-stereochemistry are 
absolute requirements for activity and substitution of 
hetereocyclie rings for the phenyl or addition of an alkyl 
group to either the alpha- or beta-carbons of phenylalanine 
led to a marked reduction in potency. Alkylation of the 
amide nitrogen atom also led to a loss of activity, but since 
this substitution has significant conformational effects, as 
indicated by our molecular modeling experiments, we were 
unable to conclude whether the amide NM was playing a role 
in receptor recognition. 

We focused next on "N-Cap" optimization and chose to 
incorporate building blocks selected from a set of readily 

JN--O-?ç(c
 

2$ E507iM 

I 
30 X’kI, IC500.28tM 

W .- 
31 X = 5, ICSO 0.14 jM 

26 10501.4jM 

jIi1T 
L 

28 X = S. IC0 0.67 ItM 
29 X CI-i, IC50 0.52 pM 

Chart 22. Early discovery work in the aeypheny1a1anine class of VCAM/VLA4 antagonists. 

available low molecular weight carboxylic acids as shown in 
scheme 2. The N-Fmoc-4-substituted phenylalanines, 
selected from intermediates available from our TL-2 
program, were coupled to Wang resin under standard 
conditions. After removal of the protecting group, the 
carboxylic acids were coupled to the free amino group of the 
phenylalanine derivatives under standard conditions, 
followed by acid cleavage to provide 68 analogs of N-
acyiphenylalanine. 

Compounds which had an average of greater than 80% 
inhibition at 10 j.M and MW <500 were selected for ICso 
determination. The results indicate that both N-aroyl (37 and 
39) and N-alkanoyl (35 and 36) analogues of phenylalanine 
showed mid-nanomolar inhibition. The most potent 

27, ICS, 0.64 iiM 

/ ,,0o7( 
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N-Cap 

DisMI 

Fig. (3). Regions of the acyiphenylalanine system considered separately for lead optimization. 

Electron Donating 
Electron Withdrawing N, 

Pheiyl>>Thienyl,  \’’. Il-Branching Not Penitted 

Pyridinyl, Cycloalkyl I 
0 

Stezeodiemisty JL FrceAcidRuixed 

S OH R  c-Methvl Not Peunitted 

/ \
 

Free NH Required 
- £onfotmationai 

0 
Fig. (4). Summary of structure-activity studies carried out on the acyiphenylalanine core. 

compound from this library was 35, which was derived from 
N-benzylpyroglutamic acid, with an IC50 of 46 jiM. 
Combination of this acyl group with the 4-hexynoate 
substituent gave 40 with an IC50 of 20 nM. [25] This "N-
cap" was incorporated into our first generation of libraries 
intended to explore the "distal" region. 

One intermediate, the 3-hydroxymethyl analogue 42 
prepared as part of our follow up to this work, yielded an X-
ray crystal structure shown in spacefilling form in Fig. (Sb). 
This structure represents a low energy conformation that 
may reflect the bioactive conformation of compounds related 
to 35. Interestingly, a comparison of the X-ray structure of 

Scheme 2 

42 with the most populated ring conformer of the cyclic 
peptide 1 revealed a high degree of overlap with the 5-
membered proline and pyroglutamyl rings and the carboxyl 
groups. In this overlay shown in Fig. (5e), the phenylalanine 
benzene ring extends to the area of the disulflde bond of 1. 
This finding supports our hypothesis that the cyclic peptides 
related to 1 and the acyiphenylalanines under investigation 
bind to the same site on VLA-4. 

Combining our earlier observation that the disulfide is 
sensitive to substitution and hence, could be involved in 
binding with the observation that the benzene ring of the 
acylphenylalanines is intolerant of even conservative 

K2 K 

’C 

2. TFA 

1.R1CO211, HBTU, 
DIEA,DMF 

H2 

Series: 

a K2 � 0(CH2)4CH3 

b. j2 = = (Ql)3002H 

c. R2 = (cH2)3c02CH3 
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Table 4. Inhibition Activity of VLA4 Antagonists. 

Conzpd R1 R2 VCAMIVLA4 ELTSA 

% Inb (10 j.M) ICo  

34 
OLN 

- 
90 087 

35 ()(CH2)4CH3 
97 0.046 

36 H2N 
4:? 

(QW2T3 99 0.135 

- 31 H2NS02 (CI1,023 94 0.317 

Cl 
CI�, 

38 (i-,)j j) 80 0.187 

CH3  

- CHCH 0.245 

CH(LICI 

40 = 0,020 

41 

Is-’ 

1IzN’N/’jf" 0(C112)4cH3 0.060 
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a. 

Fig. (5). (a) Structure of 42. (b) Spacefilling view of the X-ray crystal strudture of 42. (c) Overlay of one of lowest energy 
conformational families of 1 with the X-ray derived conformation of 42. 

changes led to the conclusion that these moieties do 
contribute to the overall binding energy and are not mere 
scaffolding. If this conclusion is correct, then the 3- and 4-
positions of the phenylalanine benzene ring point to the 
region of the N-terminal group present on the cyclic peptides 
which is critical for high potency. Base on these 
considerations, we focused our efforts into exploring and 
optimizing these substitutions. 

A sample of some of the phenyl ring substitutions that 
were explored is shown in Chart .3. One of the most 

R 

R01 
0 
II 

Og: 
flI 

C) 
N II 

R--N-- 
R’ 

R0N7 

. 
X./ RL 

xx) 47
 

S YIN 

Chart 3. Compilation of phenylalanine substituents explored 
during SAR studies. 

interesting groups of compounds to emerge from this effort 
was the benzoylantino derivatives. For this series, 
substitution in the 4-position is preferred over the 3-position. 
[26] The data indicate that a number of these compounds 
combine sub-nM IC50s in the ELISA assay with low nM 
activity in the Ramos cell assay. The most potent compounds 
feature an electron deficient aromatic rings with at least one 
bulky ortlzo substituent. The presence of these elements is 
more important than their identity. For example the 2-nitro-
(43), the 2-methoxy-5-nitro- (44) and the 2,6-thchloro- (45) 
analogues all have similar profiles [27]. 

Table 5. Activity of N-beuyzlpyroglutamyl Phenylalanine 
Derivatives. 

Com$ - ELISA 1050 aM Ramos CeUs 1050 nM 

43 0.87 33 
- 

44 

- 

0.82 28 
- 

45 0,37 12 

Development of an ax vivo binding assay based on our 
standard ELISA assay enabled us to readily quantitate blood 
levels. To our disappointment, this assay procedure revealed 
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9 

a. 

Ycl ’,or 
IN 

46,Ri,R2=H 
47,91,R2=.(CH2)-

48 

Fig. (6). a) structure of 46-48. b) Spacefihl model of the X-ray crystal structure of 46. c) Overlay of modeled structure of the cyclic peptide I 
47), and 48. 

that compounds related to 434, all exhibited rapid 
clearance from mouse plasma after iv administration. More 
detailed experiments with one member of the series revealed 
that the molecule was cleared intact in the feces, suggesting 
that rapid metabolism was not the problem. All of these 
compounds are quite polar with Log]) values around �2 at 
pH 7.4. Evaluation of a variety of compounds incorporating 
some of the other "distal" groups shown in Chart 3 in an 
attempt to increase lipophilicity without seriously 
compromising potency led to several compounds with lower 
molecular weight and higher Log]), but little improvement in 

clearance. Thus we concluded that the required carboxyl 
group and the N-benzylpyroglutamic acid moiety itself was 
at least partly responsible for the observed fast clearance. 
This result prompted us to explore further optimization of 
"N-Cap" region of the molecule through the incorporation of 
more lipophilic acyl groups. 

To this end, compounds 47 and 48 were designed based 
on the hypothesis that an intramolecular CH-7r interaction 
may facilitate the N-acylphenylalanines adoption of a gauche 
(-) conformation which mimics the core structure of the 
potent peptide VCAMJVLA-4 inhibitors such as I. The 

Table 6. VCA1’i/VLA4 Binding Inhibition of N[(1alkyl)cyc1oaIkanoy1I_4-[((2,6-dich1oropheny1)carbony1)amino]-L-
phenylalanine Derivatives. 

Compd R ELISA Ramos 
Icso UM Icso aM 

MOO-6
49 1.0 134 

MeO 

50 0,26 12 

51 

MeO 

0,61 17 
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(Jb1e 6. Contd.... 

Compd R ELISA Ramos 

Icso nM 1CM UM 

52 

MeO 

0.32 29 

53 050 27 

54 0.52 39 

55 
1-f3C"N..’6 

1.1 150 

MeS 

56 0.29 62 

MeO2S 

57  0.8 75 

MeO2S 
58 1.8 528 

59 

MeS 

1.1 94 

60 

M028 

0.15 8 

published X-ray crystal structure of N-phenylacetyl-L-
phenylalanine (46) features a gauche (-) conformation of the 
phenylalanine and an edge-to-face interaction between the 
two benzene rings as shown in Fig. (6). [28] The methyl erie 
hydrogens of 46 were morphed into a cyclopentane ring and 
the resulting compound 47 was minimized using the Sybyl 
molecular modeling program. Both 47 and 48 proved to be 
potent VCAMi’VLA-4 antagonists prompting us to expand 
the series to look more carefully at optimization of the "N-
caps". [29] 

The structure and activity of a selection of the 
homologous cycloalkyl [30) derivatives that were prepared 
during the course of this effort are shown in Table 5 and the 

aryl [31] derivatives are depicted in Table 6. Many of these 
compounds are very potent and these results demonstrate 
that VLA-4 antagonists accommodate a variety of acyl 
substitutents on the phenylalanine nitrogen. Some of these 
compounds have the anticipated improved clearance. The 
pharmacology of these compounds will be described in detail 
in future publications. 

In order to provide more insight into the observed 
structure-activity relationships, we obtained crystal structures 
of the intermediate methyl esters 83 and 84 shown in Fig. (7) 
as space filling models. These structures are consistent with 
our general hypothesis that the acyiphenylalanines adopt a 
gauche (-) conformation that mimics the pharmacophore 
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Table?. VCAM/VLA-4 Ebidhig Inhibition oN.aroyl4_(((2,6_diehloropbenyi)Carboflyi)aflilf101-L-PheflYla1afliDe Derivatives. 

Compd R R’ ELISA 
!ConM 

Eamos 
ICSO  

61 Br II 049 45 

62 0C113 H 86 6,800 

63 NHCH3 H 1.9 1,000 

64 CF3 H 16 650 

65 SCH3 H 0.40 100 

66 S02H3 H 3.3 160 

67 C(CH3)3 H 1.9 74 

48 CH3 6-CH3 1.3 84 

68 CH3 6-C2H5 030 10 

69 CH3 6-n-C3H7 0.42 17 

70 CH3 6-1-C3H7 1.2 23 

71 CH3 6-F 0.44 85 

72 CH3 6-0 030 12 

73 CH3 6-Br 0.20 9 

74 i-C3H7 6-1-C3117 11 460 

75 F 6-F 12 67 

76 F 6-CF3 040 85 

77 Cl 3-CH3 1.4 1,300 

78 Cl 5-CH3 11 460 

79 Cl 4-OH 046 33 

80 Cl 4-OCH3 1.9 350 

81 CI 4-SO2CH3 0.25 9.5 

82 Cl 4-Br 1.60 1,300 

displayed by the cyclic peptides. There have also been a 
number of publications from other laboratories on VLA-4 
antagonists from the acylphenylalanine class [32]. 
Compounds 84-87 [19,32-33] constitute a representative 
selection of key structures and emphasize the diversity of 
substitution tolerated on both the phenylalanine nitrogen and 
4-positions. We have not yet succeeded in finding the elusive 

hydroxyl binding site observed among the cyclic peptides 
related to 4 even though the search drove much of our 
exploration of diversity in the acyiphenylalanine class. It 
remains to put these observations into the context of integrin 
structure and attempt to draw conclusions that may be useful 
in guiding the design of future antagonists. 



The Discovery of VLA -4 Antagonists Cwrezif Topicilu Medicinal Chemistry, 2004, Vol 4, No. 14 1521 

H

 

IBNN CO2H 

00 84 

CH3 

86 T 

ci 

01, HN"CQ2H 

:Nk-0 

85 

Cl 

4 
C1 0 

1?A 
HN 00 2H 

a. b 

CH HN CO2H 

ctiL 
Fig. (7). (a and c) Structures of 83 and 84. (band d) spacefihling representation of the X-ray crystal structure of 83 and 84 respectively. 

It has long been hypothesized that integrin ligands bind at 
the interface between the alpha and beta chains. Recently the 
structure of a complex between the integrin cxv03 with a 
cyclic peptide containing the signature Arg-Gly-Asp motif 
became available. This structure confirms that the ligand 
bridges the heterodimer with the aspartic acid moiety 
associated with a metal ion in the MIDAS-like domain 
on the 13-subunit and the guanidine of the arginine binding 

two aspartic acids within the f3-propeller domain of the a-
subunit [34]. 

We hypothesize that ligands for VLA-4 bind in a similar 
manner to the ROD mimics. Thus the requisite carboxylic 
acid present in all peptide and phenylalanine antagonists 
could interact with a metal ion in the MIDAS-like domain on 
the beta chain. This domain could further provide an 
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1. INTRODUCTION 

1.1 (Jeneral4specis and Overview 
Biaryls (Ar1-Ar2) and their homologues such as teraryls, oligoaryls and polyaryls are an important class of 

organic compound; the biaryl unit is represented in several types of compounds of current interest including 
natural products, polymers, advanced materials, liquid crystals, tigands and molecules of medicinal interest. In 
view of the tremendous importance of biazyls, a number of catalytic methods for forming these molecules from 
two monoary) precursors in a cross-coupling reaction have been developed over the last two decades. 
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1.2 Catalysts and Catalytic Cycles 
Numerous palladium and nickel catalysts have been employed in the Kharasch, Negishi, Stifle and Suzuki 

reactions. The catalyst is frequently added as a metal(U) complex from which the catalytically active metal(Q) 

species is generated in situ. The palladium(0) complex, Pd(PPh3)4 is one example of a preformed catalyst 

which has found widespread application in cross-coupling reactions. Palladium black has been successfUlly 

used as a catalyst on several occasions and water soluble catalysts have been developed for cross-coupling 

reactions in aqueous solution. Metals possessing chiral ligands have been used for the preparation of biaiyls 

with axial chirality (atropisomers). 
Most catalysts are associated with aryiphosphine ligands and one of the consequences of using such ligands 

is the formation of ’scrambled products in which the aryl group of the phosphinc ligand has become 

incorporated into the product. In most cases this is not a major problem but two examples where considerable 

’scrambling’ has been observed in a Stifle reaction4 and a Suzuki reaction5 are illustrated in Scheme 2. 

Aryiphosphine ligands are often responsible for chain termination reactions in the synthesis of polyaryls and 

’ligandless’ catalysts have therefore been advocated for use in polymerisations.6 
Other side reactions which are sometimes encounted to varying extents are homocoupling reactions and 

reductions and these reactions will be discussed at relevant points in the text. 
The structures of ligands contained in this Report are given in Section 8. 

--C6SnMej Br.�(J--OMe IN 
�Cb?�Ar

 
PdPh 3)4 

Ar = 4-MeOCH4;.2211/o + 

Ar = 1th 55% 

MeO4--B(OH)2 _( MeO�f�Ar 

MeO We 

Ar = 3-(OCH20)C6H4; 54% + 

Ar= Ph; 27% 

Scheme 2 

The catalytic process associated with the Kharasch, Negishi, Stille and Suzuki reactions can be represented 

as shown in Scheme 3 which illustrates these reactions with an aryl halide (Ar2X, X halogen) as one of the 

coupling partners in a palladium catalysed reaction. Potential ligands of the palladium(0) intermediates have 
been omitted for clarity and the processess depicted in Scheme 3 can obviously be extended to nickel catalysed 
reactions and substrates other than aryl halides, for example aryl trifiates. When aryl trillates are used, lithium 
chloride is an essential additive in the Stifle reaction. 

All the reactions shown in Scheme 3 have three common steps; firstly an oxidative addition of the catalyst 
to the aryl halide giving an intermediate Ar2[Pd]X; secondly a transmetallation step to yield a diarylated 
palladium moiety. Ar2[Pd]Ar1; and finally a reductive elimination from the diarylated palladium compound 
giving the biaryt product and the palladium(0) catalyst which re-enters the catalytic cycle. 
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MX2 Pd(0) 

Ar2X Ar2[Pd]X - Ar2[Pd]Ar’ 

Pd(0) i&jIM 

R3SnX Pd(0) 

Ar2X Ar2[Pd]X Ar2IPdJAr’ 2l 

Pd(0) Ar’ SnR3 

X B(OH)4- Pd(0) 

Ar2X Ar2FPdIX Ar2[Pd]OH () Ar2[PdAr1 Ar2-Ar’ 

Pd(0) 0H Ar18(OH)3 

Scheme 3 

2. THE KHAKASCH REACTION 

2.1 Chemoselectivily andRegloseleclivi(y 
The reaction of 4.-bromochlorobenzene with phenylmagnesiwn bromide catalysed by PdPh(PPh3)I gave 4-

chlorobiphenyl 6 (73%) showing that the bromo substituent can be selectively coupled in the presence of a 
chioro substituent.7 With these reagents and either NiCl2 or Ni(dppe)C12 as the catalyst the mono phenylated 
product 6 (18-71%) has been reported together with the diphenylated product, para-terpbenyl 13 (3-3711/6) 
with the mono: diphenylated ratio depending upon the reaction conditions and the reagent stoichionietries.5 2-
Tolylmagnesiunt bromide and 4-bromochlorobenzenc gave higher yields (38-87%) of the biaryl 15 with various 
catalysts with very little of the corresponding teraryl product being formed (3-12%). This Grignard reagent 
and 2-bromochlorobenzene afforded only 2-chloro-21-methylbiphenyl 14 (32-49%).8 The lodo substituent in 4-
fluoroiodobenzene was also selectively replaced with phenylinagnesium bromide in a PdPh(PPh3)I catalysed 
reaction giving 4-fluorobiphenyl S (74%).’ 

The preferential replacement of a methylthio group over an isopropylthio group has been reported as 
illustrated for the formation of biaryl 9 from phenylmagnesium bromide and the ortho-disulphide, 1,2-
(MeS)(Pr1S)C6}14 in the presence of Ni(PPh3)2C12 as the catalyst.9 A chioro substituent can also be 
selectively replaced in the presence of an isopropylthio group as exemplified by the formation of all three 
isomeric biaryls 9-11 (65-840/*) from l,n-C1(Pr1S)C6}L1 using Ni(PPb3)2C12 as the reaction catalyst. 1() 

In dihaloaryls, where both halogen substituents are in identical chemical environments, it is often possible to 
replace only one halogen substituent in the Kharasch reaction. Thus, in a [Ni(triphos)Cl]PF6 catalysed 
reaction, I,2-dichlorobenzene and phenylinagnesium bromide gave 2-chiorobiphenyl 4 (530%) together with 
some of the diphenylated product, ortho-terphenyl 12 (17%)) 1 Biwyl 4 (79%) has also been obtained from 
phenylinagnesium chloride and 1,2-dichlorobenzene with Pd(dppf)Cl2 as the catalyst and this Grignard reagent 
and 1,3-dichlorobenzene gave 3-chlorobiphenyl 5 (85%) in an analogous reaction. 12 Similarly,. 1,2.. 
dibromobenzene and phenylmagnesium bromide gave biaryl 7 (750/*) with very little (2-30/*) of orfho-terpbenyl 
12 being formed in a Pd(dppb)C12 catalysed reaction. 13 

Examples of the selective replacement of one halogen in heterocyclic dihalo compounds are provided by 
formulae 16_18.13-15 Thus, phenylmagnesium bromide reacted with 2,54bromo-3,4-dimetbylthiaphene in the 
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presence of Pd(PPb3)4 giving product 16 (724/.);13J3a 2-thienylmagnesium bromide and 2,5-
dibrornothiophene yielded the bithienyl 11 (531%) in a Pd(dppf)C12 catalysed reaction14 and 2,6. 
diebloropyridine and 2-thienylmagnesium bromide gave the heterobiaryl 18 (550/9) with Pd(dppb)C12 as 
catalyst.15 Other substituents besides halogens can also be replaced with some selectively: 1,4-
dimethoxybenzene and phenylmagnesium bromide gave a mixture of 4-methoxybipbenyl (33%) and pam-
terphenyl 13(24%) in a Ni(PPb3)2C12 catalysed reaction. 16 

Me Me 
me 

Ph Ph PbIX 
Br CI 

4 R=2-Cl 9 R.=2-SPi’ 14R=2-Cl 16 18 
S R= 3-Cl 10 Ik= 3-SW 15 R.= 4-Cl  
6 P4-Cl ii= -s 
7 P- 2-Br 12 R 2-Pb S S Br 
S =g 4-F 13R4-Ph 17 

2,4-Bis(isopropylthio)toluene reacted regiospecitically with phenylniagnesiuin bromide in benzene at 500C 
[Ni(Plb3)2C12 catalyst] yielding biaryl 19 (5501.) in which the less sterically crowded isopropylthio group had 
been replaced.9 A 1:1 mixture of 2-thienyhnagneslum bromide and 2,3-dibromothiophene afforded the bithienyl 
derivative 20 (82%) with Pd(dppf)C12 as the catalyst whereas with a 2:1 mixture of these reagents the 
terthiophene 22 (85%) was produced.14 A 3:1 mixture of this Giignard reagent and 2,3,5-tribromothiophene 
resulted in the displacement of only the 2- and 5- bromo substituents yielding the terthiophene 21 (89%).’ 

The 2-bromo substituent in 2,5-dibromopyridine can be selectively replaced as illustrated by the formation 
of the heterobiaryls 23 (950/6) and 24 from 2,5-dibromopyridine and 2-thienylmagnesium bromide and I-
methy)-2-indolylmagnesium bromide respectively in Pd(dppb)C12 catalysed reactions. Is 

Ph� (J-Meç  c�-Br 
Br 

19 20R=’H 22 23 24 
21 R=2-thienyl 

2.2 Steric Consi�frraflons 
The palladium catalysed Kharasch reactions of mesitylmagnesium bromide and either bromobenzene or 

lodobeuzene can give good yields of the biaryl 25.3.1,11 With chlorobenzene as the coupling partner, only low 
yields of this product are obtained. 17-18 Mesitylmagnesium bromide can also be coupled successfully with 2-
bromonaphthalene in a Ni(dppc)C12 catalysed reaction giving biaryl 26 in moderate (45%) yield. Is Binaphthyl 
derivatives such as compounds 21-29 (55-790/6) have been prepared from 2-methyl-1-napbthy1magnesiwn 
bromide and an appropriate broznonapbthalene coupling partner using Ni(PPh3)2C12 as the catalyst. 19 

An excess of phenylmagnesium iodide reacted with l,8-diiodonapbthalene giving I,84pbenylnaphthalene 
30 in 70% yield. This reaction occurred in a mixture of ether and benzene at -10 to -150C with Ni(ac1102 as 
the catalyst.20 

In cases where both coupling partners possess art/to substituents the yields of biaryls are generally not 
good. Thus, 2-inethoxyphenylmagnesium bromide and 2-bramotoluene gave a low yield (8%) of biaryl 31 with 
0.02 equivalents of Pd(PPh3)4 as the catalyst but the yield could be increased to 39% when a stoichio,netric 
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quantity of this catalyst was used.3 The biaiyl 32 was formed (42%) from the reaction between 2-

toly1nagnesium bromide and sulphone 33 in a Ni(aca0)2 catalysed reaction in TifF at 200C.2I 

eØM -f3 8:: <4 
P, 

Me ??rZNC 

M t"02
 

Me me 
Me B. 

2SAr"Ph 27R"N 30 31R=’OMc 33 

26Ar’1-naphthyl 28B."Me 32RCON1Pr2 
29 B. OMe 

Several groups have reported the synthesis of the chiral binaphthyl 28 with a range of enantiomeric excesses 
(ee’s). Early examples used chiral nickel catalysts and gave poor ce’s as well as low yields17.22 whereas later 
examples gave good ce’s (95%) and yields (69770/a).23.24,24a With a chiral palladium catalyst, only low yields 
and poor ec’s were obtained.25 

Chiral ternaphthyls have been prepared from 2-methyl-1-naphthy1nagnesium bromide and 
dibromonaphthalenes using a mixture of NIBr2 and the chiral ligand, (S)-(R)-PPFOMe as the catalyst.26 Thus, 
this Grignard reagent with 1,4-dibromonaphthalene aftbrded an 86:14 mixture (74%) of the temaphthyl 34 
(95% cc) and its corresponding meso isomer, and 1,5-dibromonaphthalene gave an 84:16 mixture (890/0) of 
compound 35 (99% cc) and its meso isomer. 

In an enantio position-selective cross-coupling reaction, the pro-.R triflate group in biaryl 36 was replaced by 
phenylmagnesium bromide yielding the teraryl 37(87%, 93% cc) in a Pd[(3)-pbephosjC12 catalysed reaction at 
300C.27 

WIFAZO-1 IN 
- ?*’ U;AMA 

P. 

Tf a8- V 

me 

le 

34 35 36R"OTf 
37 B. = Ph 

2.3 General Survey of the Xharasch Reaction 
The normal coupling partner for a (Irignard reagent in the Kharasch reaction is an aiylhalide but a number 

of other partners have been used, Thus, 2-phenylnaphthalene 38 has been prepared from phenylmagnesium 
bromide and the following compounds: 2-methoxynapbthalene 39 [77% yield, Pd(PPh3)20228 or 
Ni(PPb3)2C1216 as the catalyst]; tosylate 40 160% yield, Ni(PPh3)2C1216 as the catalyst]; phosphate 41 [75% 
yield, Ni(acac)229 as the catalyst] and the tetrazoyl ether 42 [55% yield, Ni(PPh3)2C123° as the catalyst]. 1-
Phenylnaphthalene 43 has been prepared from phenylmagnesium bromide and either I -bromonaphthalene [91% 
yield., Ni(dppe)C1218 as the catalyst] or I-metboxynaphthalene [70% yield, Pd(PPb3)2Cl2 or 
Ni(PPb3)2C1216 as the catalyst]. l-Naphthylmagnesium bromide and bromobenzene also gave compound 43 In 
excellent yield (980A) using Ni(dppe)C12 as the catalyst 18 3,4-Dimethoxynaphthalene and phenylmagnesiuin 
bromide afforded 3,44pheny1naphthalene 44(45%) in either nickel or palladium catalysed reactions. 16.28 
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Carbainates have also been used as coupling partners with Gngnard reagents as exemplified by the 

formation of biphenyls 45 (800%) and 47 (730/6) from the reaction of carbaniates 46 and 48 respectively with 

phenylmagnesium bromide/chloride in Ni(acac)2 catalysed reactions.31 
The synthesis of 4-methylbiphenyl provides several examples of aryithiol coupling partners. Thus, 4-

tolylmagnesium bromide reacted with both thiophenol and thioanisole in Ni(PPh3)2C12 catalysed reactions 

giving 4-methylbiphenyl in 62% and 740/6 yields respectively,32 and with phenyl teri-butylsulfone giving this 

product (80%) in a Ni(acac)2 catalysed reaetion.22,21a Diphenylsulfide, diphenylsulfoxide and diphenylsulfone 

also gave this product (53.7411/6),32 Homocoupled and reduced byproducts are sometimes formed in significant 

quantities when aryl tert-butylsulfones are used as coupling partners with amyl-Grignard reaWts.21,21a The 

quaternary salt 49 and phenylmagnesium bromide also afforded 4-inethylbiphenyl (31%) in a Kharascb reaction 

catalysed by Ni(dppp)C1233 and this Grignard reagent and the tetrazoyl ether 50 gave 4-methoxybiphenyl in 

moderate yield (499/*) with Ni(PPh3)2 as the catalyst,30 
Para-terpbenyl 13 has been prepared from phenylmagnesium bromide and 1,4-disubstituted benzene 

derivatives such as 1,4-dibromobenzene (>80%),34 1,4-dimethoxybeozene (24%),16,28 the bissulphides 51 
(89%),9 and 52 (84%)9 and the 1,4-bisphosphate 53 (80-yo).29 The corresponding 1,2- and 1,3-bissulfide 

derivatives of compound 52 also yielded meta-terphenyl (77%) and crtho-terphenyl 12 (670/0). Compound 12 

has also been obtained from 2-iodobiphenyl and phenylmagnesium bromide (70.90%) with various nickel 

catalysts. 16 

Biphenyl has been prepared in high yield from iodobenzene and phenylmagnesium bromide using various 

palladium catalysts, including palladium black.35 Phenylmagnesium bromide also coupled with 4-

fluoroiodobenzene giving 4-fluorobiphenyl 8 (92%, P4Cl2 catalyst) and 3-fluoroiodobenzene similarly gave 3-

Eluorobiphenyl (85%). However, 2-fluoroiodobenzene decomposed via benzyne formation when treated with 

this Grignard reagent.35 

CUR cô OOZ &OMOM

 &NHBW

38kPh 43 44 45 a-’ Pb 47R=Ph 
39ROMe 46ROCONEt2 48ROCONEt2 
40 R = 0S02(4-MeC6H4) 

41R’OP(0)OEt2 

42 R 
= N..N Me�rj�NMei’ I 

- MeO__ON 

N 

Ph 49 so Ph N4 

RS SR (EtO)2P(0)0-f�OP(OXOEt)2 

51R=Bu 53 
52 R Pr’ 

Table I illustrates some representative examples of the phenylation of heterocyclic compounds with 
phenylmagnesium bromide/chloride and other substituted (Itignard reagents similarly gave aiylated 
heterobiaryls. 2-Phenyithiophene has also been prepared from 2-thieny1nagnesium bromide and bromobenzene 
(Ni(dppp)C12 catalyst, 561V* yield) but with chlorobenzene the yield is poor (17%).36 1-Methyl-2-phenylpyrrole 
has been prepared (810/*) from bromobenzenc and 1.methyl-2-pyrroly1nagnesium bromide in the presence of 

Pd(dppb)C12 as the catalyst.2 
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Table 1, Phenylation of Heterocycles using the Kharasch Reaction 

Het-X + PhMgBr/Ci - Het-Ph 

Bet X Catalyst Yield (%) Reference 

2-thienyl Br Ni(dppp)C12 98 36 
3-thienyl Br Ni(dppe)C12 80 37 

24ny1 Br Ni(dppe)C12 82 38 
3-finyl Sr Ni(dppe)C12 93 38 

Ph 

Ph1N 

SMe NOPPDX12 90 39 

2-benzothiazoyl SH, SMe Ni(dppp)C12 7998 40 
Cl NiPPh3)2cl2 70 41 

2-pyridyl SH, SMe Ni(dppp)Cl 79-88 40 
ft OCONEt2 Ni(acac2 30-80 31 

3-pyridyl Br NiPPh3)2Cl2 54 42 
OW Ni(8cac)2 65 31 

OCONEt2 Ni(AM)2 72 31 
4-pylidyl OCONEt2 90ca02 81 31 

2,6-diphcny14-pyridyl SMe Ni(PPh3)2C12 87 43 
516/1/84soquinOlyl Br,C1 Ni(dppp)C12 69-85 44 

4,6-dimethylpyrimid-2-yl SH, SMe Ni(dppp)C12 43-94 40 

5N:N 

B. B SMe Ni(dppp)C12 68 45 
B. = protected sugar Cl Ni(dPPP)Cl2 40 46 

NHIMS 

Br Ni(PPb3)2C12 15 47 

R=protecteduga 

Numerous bithienyl and terthienyl derivatives have been prepared using the Itharasch reaction. These 
compounds are often precursors of oligo and polythiophenes which have been used extensively as conducting 
polymers. Tcrthiopbenes also exhibit phototoxic properties and have thus received attention because of their 

. biological activities. Thus, 2,2-bithienyI 54 has been prepared in high yield (81-900K) from 2.-thienylmagnesium 
bromide and bromothiophene in a 94dppp)C12 catalysed reaction’48 and the diniethyl derivative 55 (83%) 
has similarly been prepared.48 2,3’-8ithlenyl (77l00%)3649 and 3,3’-bithienyl (880/*) have also been 
prepared in nickel catalysed cross-coupling reactions. 

Terthiophenes are often prepared from a dibrornothiophene and a thiophene derived Griguard reagent and 
yields are generally excellent.14,49,494 For example, the parent compound, 2,2’:5!,2"-terthiophene 56 (cs. 
terthienyl) has been prepared (80-860/*) in a Nkdppp)Cl2 catalysed reaction The alkylated derivative 57 
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of cz-terthiophene 56 has been prepared in excellent yield (92%) as a precursor to soluble sexithiophen&0 and 

other alkylated bi- and terthienyts have been syntbesised,51 
The symmetrical selenium containing biaryl 60 has been prepared (85%) from the bromoaryl precursor 58 

and the Gngnard reagent 59 in a Pd(PPh3)4 catalysed reaction.52 Related sulfttr containing heterocycles also 

underwent similar nickel catalysed cross-coupling reactions.2 
22**B1pyr1dyi has been prepared in low yield (1311A) from 2-bromopyridule and 2-pyndy1magnesium bromide 

with N1(dppp)C12 as the catalysts 
A number of heterobiaiyls possessing two different types of heterocyclic ring have been prepared using the 

Xhrasch reaction. Examples include the thienylpyridines 61 (78%)36 and 62 (7(%),3 the thienylquinoline 63 
(49%)36 and the thienytisoquinoline 64 (690/), all of which were synthesised from 2-thieny1magnesium 
bromide and the appropriate bromoaryl coupling partner in nickel catalysed reactions. 

Numerous teraiyls possessing three different types of heterocyclic ring have been prepared using two 

sequential Kharasch reactions 15 The bisthienylpyndines 65 and 66 have been prepared in a nickel catalysed 

reaction in good yield from 2,6-4ibromopyridine and 2-thieny1nagnesium bromide or 3-methyl-2-

thieny1magnesium bromide as appropriate. These teratyts have been prepared as intermediates in the synthesis 

of ’donor-acceptor’ polymers 67-53 

M me 
Me)??Se ,R 

S So 
16S �?S S 

Me Me 

54RH 56R=H 5*l&Br 60 
S5RMe 57R=CiH21 59R=MgBr 

ID ns 
S 

612-substituted 63 64 65R=H 67 
62 4subsliflged 6 It Me 

The quaterthiophenes 69 (75%)56 and 7051 which possess alkyl substituents to enhance solubility, have 
both been prepared in a gj(dppp)Ct2 catalysed reaction from the dibromo precursor 68 and the appropriate 3-
or 5aJkylthicnylniagnesiuin bromide. The quinquethiophene 72 (83%) has been synthesised from the 
terthiophene 71 and threnylmagneslum bromide in a 91(dppe)C12 catalysed reaction A number of cappedt 
oligothiophenes have also been prepared.53.55 

The Kharasch reaction has been used in polymer synthesis. Poty(para-pbenylene) has been prepared fr*ni 
1,4-dibromobenzene and magnesium metal via 4-bromopheny4inagnesium bromide using N1(bpy)C12 as the 
reaction catalyst in TI* at reflux.59 Aikylated poly(para-pbenylene) derivatives have also been prepared-59 
1,3-Dichlorobenzene and 4,4’4lbromodipbenylether were similarly polymerised and ct-lhtked polythiophene 
has been prepared from 2,5-dibromothiophene using this methodology. The bis-Giignard reagent, 1,4-
C6}1(Mg8r), gave polymer 73 with 2.5-dibroinothlophene and polymer 74 with 2,6-dibromopyridine.61’62 
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3 THE NECISHI REACTION 

3.1 Chemoselectivia)’ and Regwseleciivity 
All three isomers of the lodotrltlate 75 reacted with a number of arylzinc compounds 76 at the iodo 

substituent in a palladium catalysed reaction yielding biaryls 77 (7288%).63 The pyrimidine derivative 78 gave 

biaiyl 79 (790%) when reacted with 3-methoxyphenyizinc chloride in a Pd(PPh3)4 catalysed reaction.M in a 
rcgioseective reaction, 3,4-dimethoxyphenylzinc chloride reacted at the 4-bromo substituent of methyl 3,4-
dibroinobenzoate giving biaryl SO (53%) in a palladium catalysed reaction.65 

CI MOO Br 

WO-0 ç_Znl3r N’)P. MeO��/CO2Me 

75 76% 
MeS 

77 78R’I 80 
79 P. 3-MeOC6H4 

3.2 Sterk Considerations 
The tolerence of the Negishli reaction to steric effects is illustrated by the formation of the biaiyls 81 

(8O%).67 and 83 (500/9)6* in Ni(PPh3)4 and Pd(PPh3)4 catalysed reactions respectively. In these two biatyls, 
the left-hand fragment is derived from the corresponding atyizinc chloride and the right-hand fragment from 
the appropriate aryl iodide. Thus, oriho disubstituted aryl brides undergo the Negishi reaction in useful yields. 
In the former reaction, the imine 81 is not Isolated but is hydrolysed to the corresponding aldehyde which was 
then used in the synthesis of(-)Stegancne 82. If the corresponding aryl bromide replaced the aryl iodide in the 
latter reaction, the yield of product 83 was low (1611%). 

0 me 

C6H11N 

81 

btomeMOMO_87OMe
 

NO 
82 33 
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3.3 General Survey of the Negishi Reaction 
Table 2 illustrates some representative examples of the formation of simple biasyls using the Negishi 

reaction. The reactions generally proceed in good yield and substituents such as nitrile, ester and cyano groups 
which are not tolerated in the Kharasch reaction, couple smoothly in the Negishi reaction. In addition to asyt 

halides as the usual coupling partner of the aryirinc reagent, other partners such as aryl triflates and 
fluorosulfonates have been used. 

Table 2. Synthesis of Biphenyls using the Negishi Reaction 

+ _,R2 

R1 R2 - X Y- Catalyst Yield (%) Reference 
H H Cl OS02F Pd(PPh3)4 95 69 
H 4-OMe Cl OS02F Pd(PPh3)4 56 69 
H 4-OMe Cl I Ni(PPh3)4 85 70 
H 4-CHO Cl Br Pd(PPh3)2Cl2 92 71 
H 4-CN Cl Br Ni(PPh3)4 90 70 
H 4-0O2Me Cl Br Ni(PPh3)4 70 70 
H 4-NO2 Cl I a 90 70 

4-Cl 3-NO2 Br OTf Pd(dba)2/dppf 84 63 
2-Me 4-NO2 Cl Br Pd(PPh3)4 78 72 
3-Me 3-Me Cl I Ni(PPh3)4 95 70 
2-CN 3-0O2Bt Br Br Pd(PPh3)4 93 73 
4..tN 4.CN Br Br Pd(PPh3)4 95 73 
4-CN 2-0O2Me Br I b 84 63 
4CN 4-CO213t or I Pd(PPh3)4 82 73 

-CO2Me 4-CN Br Br Pd(PPh3)4 82 73 
4-CO2Et 4-CN I Br Pd(PPh3)4 80 73 
4-COEt 4-CO2Et I I Pd(PPh3)4 94 73 

2-CONMe2 3-CO2Me CI OTf Pd(PPh3)4 81 74 
2-CONMe2 3-NO2 Cl OTf Pd(PPh3)4 80 74 

Me 

2.4J_Me H Cl I Pd(PPh3)4 75 74 

2-Me Cl I Pd(PPh3)4 66 74 
4-CO2Me Cl I Pd(PPh3)4 70 74 

N 3-1402 Cl I PdO’Phl)4 - 54 74 

a Pd(P?b)3C12 + tIBAL, b Pd(dba)2/ txs(2-IinyI)phosphine 

Simple biaryls possessing an amine substituent can also be prepared using Negishi methodology as 
exemplified by the preparation of 2-aniino4-metbyl-3-cyanobiphenyl [720/a yield, Pd(dppf)C12 catalyst] from 
64odoanthranilonitrile and 4-tolyizinc bromide.7 

The Negishi reaction has been used to prepare a diverse variety of heterobiaryls. In furan chemistry, 2-
flayizinc chloride has been coupled with aryl bromides,76’ ax)’) tritlates78 and aryl fluorosulfonatcs69 yielding 
products of general structure 34 in which the aryl group is a substituted benzene or naphthalene moiety. These 
reactions are usually catalysed by Pd(PPh3)4 and give good yields of products. Additionally, 2-pbenylfl.zran has 
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been prepared from both 2-10dofuran and phenylzinc chloride (910/0) and from iodobenzene and 2-iInylzinc 

chloride (89%) in Pd(PPh3)4 catalysed reactions.79 2-!’uryLzinc bromide and 6iodoanthranilonhttile gave the 

amine 85(98%) in a Pd(dppf)C12 catalysed reaction. 75 
A number otheteroquaterphenoquinones 87 have been prepared from blatyls 86 W 0,S,Sc,NRJ0 Biaiyis 

$6 (7$-79%) were synthesised from the appropriate iodophenol and heteroaiylzlnc chloride precursors in 

Pd(PPh3)4 catalysed reactions. The aiylated thiophene 88 63%, Pd(PPh3)4 catalyst] has been prepared from 
24hienylzinc bromide and the appropriate 4-bromoaniline derivative, Compound 88 was subsequently used in 
the synthesis of the teraryl 90 in a second Negisbi reaction of the aryizinc derivative 89 and 4-
brornonitrobenzene. This teraiyl 90 was then used for the synthesis of non-linear optical (NW) polyimides.81 

A number of 1,3-oxazoylziito chloride derivatives have been coupled with aryl iodides or tritlates in 
palladium cataiyscd reactions.82 For example, 1,3-oxazo-$-ylzlnc chloride with either l-iodonaphthaiene or Its 
corresponding trWate afforded biaiyl 91 in 78% and 83% yields respectively. 

The organozinc reagent 92 was coupled in good yield 182%, Pd(PPh3)4 catalyst] with 5-hydroxy-2-
Iodobenzo(b]furafl giving the chromium tricarbonyl complex of Moracin M 93,83 

tou 

Bu 

c�Ar10,
 PCN 113U X 

Et TBDMSOJ�(j�(JL  
U ft H 
*9 ft ZnCI 
90R4-NO2C6N4 

OH 

Z-3�Ar Ban 
(CO)3C 

OH 
91 92 

Ar l-naphthyl 

The phenylation of indolyizinc halides with aryl iodides has attracted considerable attention. Thus, the 
indolyizino halides of general structure 94 (R = CH20Me, CO2Bu, SG?b and CO21J) reacted with 
lodobenzene in a series of Pd(PPh3)4 catalysed reactions yielding the 2-phenylindole derivatives 95 generally in 
moderate to good yields. When ft CO2Li, this group Is lost on work-up giving the product 95 (ft - 10.8446 
Organozinc reagents 94 (ft S02Ph) have also been reacted with a wide range of substituted 2-pytidyl halides 
yielding products 96 in palladium catalysed rcactions,as 3..AzyI-1-phenylsulfonylindole derivatives have also 
been prepared using similar methodology,16 including the thiazole derivative 97 which was the precursor to the 
ntural product, Camalexin 904 

Phenylpyridine derivatives 99 and substituted phenylpyridines have been successfully prepared using the 
Negishi reaction usually in good yeld74.89’90’90 and 3-phenylquinoline was synthesised (96%) from 3-
quinoloylsino iodide and lodobensene with Pd(PPh3)4 as the catalyst.90 The purine derived zinc compounds
100 (ft = C142Ph or protected sugar) have been phenylated with lodobe (5:2-80%) giving products 101 
using ?d(dba)2 as the catalyst in the presence of tils(2-fwyl)pbespliine.91 Substituted iodobenzenes similarly 
coupled with compound 100.91 
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A diverse range of biaryls in which both aryl fragments are heteroaryl groups have been prepared using the 

Negishi reaction. The synthesis of heteroaryl substituted indoles has already been discussed above and a further 
example is compound 104 which was obtained from precursors 102 and 103 in 47% yield in a Pd(PPh3)4 
catalysed reaction. 92 Biaryl 104 was subsequently used in the synthesis of Eudistonjin U 105. 

’INHCO2BU’ 
%NliCOp2BU1ZnCl

 Br�<j  
S02Pb S02Ph 

102 103 104 105 

The two heteroaryl pyrrole derivatives 107 (71%) and 108 (73%) have been prepared from the zinc reagent 
106 and the appropriate heteroaryl bromide using Pd(dppb)C12 as the catalyst.2 2-Furyizinc chloride and the 

appropriate pyridyl triflate afforded biaryl 109 (81%)7 in a Pd(PPh3)4 catalysed reaction and the ftirylzinc 
chloride 110 and 4-chioropyridine gave the fluorescent heterocycle 111 (64%)76 with Pd(dppb)C12 as the 
catalyst. The imidazole derivatives 113 [60-93%, Pd(PPh3)4 catalyst] were prepared from zinc reagents 112 

(R = Me, CH2OEt, S02NMe2) and 2-bromopyridine.93 
Teraryl analogues of the selenium containing heterocycle 60 have been prepared in low yield by the Negishi 

reaction52 and the teraryl 65 has been synthesised in good yield (76%) from 2-thienyizinc chloride and 2,6-

dibromopyridine in a Pd(PPh3)4 catalysed reaction,94 2-Thienylzinc bromide also reacted with the 
bromopyrimidine derivative 114 yielding the biaryl 115 [35%, Ni(PPh3)4 catalyst] which, after removal of the 
TMS groups, gave uracil analogues.95 

2,3’-liipyridyl (81%) was synthesised from 3-pyridylzinc iodide and 2-bromopyridine in a Pd(PPh3)4 
catalysed reaction.89 Pyridyizinc halides have also been coupled with a number of halo quinolines. Thus, 2-
pyridylzinc bromide and 3-iodoquinoline afforded 3-(2-pyridyl)quinoline in moderate yield (53%) in a 
Pd(PPh3)4 catalysed reaction and 3-pyridyi2inc iodide and 2-iodoquinoline gave 2(3*pyridyquinoline (73%) 
with this catalyst.90 Several substituted pyridyizinc halides were reacted with 6..haloquinol-2-one derivatives in 
Pd(PPh3)4 catalysed reactions giving a series of substituted 6-pyridylquinol-2-ones (3696%).96 

10 
The bis-organozinc chloride 116 reacted with bromobenzene in a palladium catalysed reaction giving the 

oligomer 117 (870/6) and with 1,4-dibromobenzene yielding the polymer 118 (94%). The thiophene analogue 
73 of this polymer was also synthesised using a Negishi reaction.97 Substituted cc-linked polythiophenes981 00 
and poly(,araphenylene)tco have been prepared using the Negishi reaction. Pyridyl-capped thiophene 
oligomers have also been prepared in moderate yield. 53 

I , 
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4. THE STILLE REACTION 

4.1 Chemoselectivizy andReioseIec1iviy 
The thiazole derivative 120 (R = Me) reacted with 4-bromochlorobenzene selectively at the bromo 

substituent yielding biaryl 121 (800%) in a Pd(PPh3)2C12 catalysed reaction101 and the pyrimidine derivative 
122 gave product 123 (60%) with stannane 119 (R  = Bu) with this catalyst.102 The stannane 124 couples 
[Pd(PPh3)4 catalyst] selectively with halogenated pydmidine and purine derivatives in good yield selectively at 
the stannyl group in a Stifle reaction, and not at the boron moiety in a Suzuki reaction. 10,104 The boron-
containing biaryl products of these reactions are of potential use in I OB neutron capture therapy. 

The dibromoiniidazole 125 reacted at the 2-bromo substituent with l’hSnMe3 giving heterocycle 126 (581/o) 
in a Pd(PPh3)2C12 catalysed reaction. 105 

CSMe
 

?N-SrR3N  ch3CI Bu3Sn�rj_B) MXN> 

119X -CH 121 122R=1 124 125R1Br 

120X’=N 123E.=2-thiet4 126RPh 

4,2 Steric Considerations 
A number of ortho substituted biphenyls of general structure 129 have been successfully prepared in 

Pd(PPh3)2C12 catalysed Stifle reactions of the triflates 127 and PhSnBu3 or stannane j7,$106,107 For example, 
triulates 127 (R1 = OMe) and 127 (R.1 CO2Me) gave biphenyls 129 (RI OMe, R.2 H) (7411K) and 129 
(R1 = CO2Me, R2 = H) (870/*) respectively with PhSnBu3. However, when the more sterically demanding 
stannane 128 was reacted with these inflates, only the former triflate gave a product 129 (R1 It2 OMe) 

0 which was isolated either in low yield (33%) or in moderate yield (49%)108 when CuBr was present as a co-
catalyst. 4-Methyl-2,2)6,6’-tetramcthoxybiphenyl4’-carbaidehyde 130 has also been obtained (25%) in a 
related Stifle reaction.108 Mesityl bromide has been successfully arylated in a Stile reaction109 and the 
phonylation of both 2,4-dinitroiodobenzenc and 2,4,6-trinitroiodobenzene has been achieved. 110 

It is of particular interest to note that compound 83 could not be synthesised using a Stifle reaction whereas 
a Negishi reaction gave a moderate yield of this compound and a Suzuki reaction afforded a good yield.68 
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4,3 General Survey of the 511 lIe Reaction 
Aiylstannanes possessing a tributyltin or trirnethyltin moiety are the most commonly used biary) precursors 

in the Stifle reaction. Aryistannanes with fluorinated alkyl substituents have recently been developed for biaryl 

synthesis. 111 Aryistannoates, prepared from potassium hydroxide and ArSnCI3 have been used to prepare 

biphenyl derivatives in good yield in an aqueous Stile reaction. 112.113 The Stile reaction is often improved by 

the addition of copper sa]ts11116 and one explanation for this observation is that transmetaflation of the 

aryistannane by the copper salt occurs yielding a more reactive organocopper reagent. 
The coupling partner of the arylstannane is usually an aryl halide or an aryl triflate. When triflates are used, 

lithium chloride is almost always necessary as a co-reagent. Other coupling partners have also been used less 

frequently; for example diazonium salts 117 and hypervalent iodine reagents. 118 
Of particular current interest is the fact that the Stifle reaction is also amenable to solid phase synthesis and 

the synthesis of biphenyl derivatives in solid phase reactions has been reported in several recent 

publications) 19421 

Table 3 illustrates a selection of Stifle reactions which have yielded biphenyls as products. A number of 

Table 3. Synthesis of Biphenyls using the Stifle Reaction 

RL1�_ 
+ 

RI  

91 92 R X Catalyst Yield (%) Reference 

H H Pb Br BnPd(PPh3)2C1 78 122 
H Fl Bu IPh BF4 Pd/C 95 118 
H 4-Me Bu N2 BF4- a 59-66 117 
H 4-NO2 Mc I ArPd(PPh3)21 83 110 
H 4-COMe Me OTf Pd(PPh3)4 85 123 
H 4-COMe Me/flu OTf Pd2(dba)3/AsPb3 74-82 124 
H 4-COMe flu b c 72 125 

4-Cl 4-CHO Bu Br Pd(PPh3)4 75 109 
4-Cl 4-COMe Bu Br Pd(PPh3)4 89 109 
4-Me 4-CN Bu Br Pd(PPh3)4 92 109 
4-Me 4-NO2 flu Br Pd(PPh3)4 68 109 
4-Me 4-COMe flu Br Pd(PPh3)4 90 109 

2-OMe 4-COMe Bu Tf Pd2(dba)3/AsPh3 88 124 
4-OMe 4-NO2 Bu OMs Pd(PPh3)4 48 126 
4-OMe 4-NO2 Bu OTf Pd(PPh3)4 74 123 
-dO 4-COMe Ru OTf 4/ASPh3 Pd2(dba)- 25 124 

a Pd(OAc)2 or Pd(dba)2. b 0S02(4-FC6H4). c Pd(OAc)2/ Ph2PMe 

45? 
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different palladium catalysts have been used and yields are generally good to excellent. Both 1-
phenylnaphthalenc 43 and 2-phenylnaphthalene 38 have been prepared in good yield [Pd(dba)2/PPh3 catalyst] 
from the appropriate naphthyl triflate and PhSnBu3127 and the triflates derived from salicylaldehyde128 and 

substituted ethyl salicylatcs129 have also been coupled with stannanes. 
Byproducts resulting from the transfer of methyl or butyl groups from the stannanes ArSnMe3 or ArSnBu3 

respectively to the coupling partner are frequently observed in the Stille reaction. One illustrative example130 is 

the reaction of the anthraquinone triflate 131 with PhSnMe3 in a Pd(dppf)C12 catalysed reaction which gave a 
2:1 mixture (850%) of phenytated product 134 and methylated product 132, With PhSnBu3 the reaction was 
more selective affording a 4:1 mixture (71%) of phenylated product 134 and butylated compound 133. Other 
anthraquinone triflate derivatives were successfully phenylated. 

5-Arylninhydrin derivatives with improved chromogenic and luminescent properties have been prepared 
using Stille and Suzuki methodologies. In one Stifle reaction, bromide 135 reacted with 2-
tributylstannylbenzo[b]thiophene [Pd(PPh3)4 catalyst] yielding product 136(73%). 131 

o 

On 

OMe 132Me 135 Br 
133 RBu 

131 R = OW(J)R 

i:iE:1OMe 136 R. = 2-beni[b]thienyl 
134 R = Ph 0 

Numerous heterobiaryls possessing one heterocyclic and one carbocyclic moiety have been successfully 
prepared using the Stifle reaction as indicated in Table 4 (following page). The entries listed in Table 4 have 

S been grouped into two types depending upon whether a heteroaromatic (method A) or carbocycic aromatic 
(method B) stannane precursor was used and generally either synthetic method gave good yields. 

The aryistannane, PhSnMe3, has also be generated in situ from bromobenzene and Me3 SnSnMe3. In the 
presence of 2-pyridyl triflate and Pd(PPh3)4 as the catalyst, 2-phenylpyridine (55%) is produced. Other 
bromobenzene derivatives also gave moderate yields (35-50%) of substituted 2-phenylpyridines and 3-
bromopyridine and 2-bromothiophene similarly yielded 2,3’-bipyridyl (53%) and 2-(2-thienyl)pyridine 61(63%) 
respectively. 138 

The Stifle reaction has been used to synthesise reaction templates. Thus, the bis-stannane 137 and pyridine 
derivative 138 yielded the teraryl 139 [(60%), Pd(PPh3)2C12 catalyst] which was then converted in three steps 
into the template 140. This template was designed to hydrogen bond the substrates 141 and 142 prior to 
nucleophilic substitution of compound 141 with compound 142.139 

Me3SnSe 

137 

140 

BrXfBn 

AcHN N 

138 

Ph 

Bnn’NR

..i-Bn 

RN 

139 R. = NHAc 

ACHNNJ.J) 

141 R = NH2 
142 R = Br 
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Table 4. Synthesis of Heterobiaryls using the Stile Reaction 

HetSnR3 + X�Gy - A 
Het-(Jw 

B 
HetX + 

Het V R X Catalyst Yield (%) Ref 
A 2-.thicnyl H Bu 1Ph BF4 PdCl2 87 118 
B 2-thienyl H Hu I Pd/C 77 114 
A 2-thienyl 2-CO2Me Bu I Pd(PPh3)2C12 81 101 
A 2-fliryl 4-CO2Me Me I Pd(PPh3)2C12 73 101 
A 1-methyl-2-pyrrolyl H Me I Pd(PPh3)2C12 54 101 

Me 
B Ii Bu I PdPPh3)2C12 58 132 

Me 

A H Me I Pd(PPh3)4 80 133 

A 4-COMe Me I Pd(PPh3)4 100 133 
A 1-xnethylimidazol-2-yl H Hu Br Pd(PPh3)2C12 89 134 

A 213/4-CF12R5 Hu Br Pd(PPh3)2C12 24-69 134a 

Ph 

B Meij 
V 7N 

H Me Br Pd(PPb3)2C12 60 105 

in 

Ph 
B 4-Cl Bu CIIRr/OTf Pd(PPh3)4 or 7-90 135 

N ,N Pd(PPh3)2C12 

A 2benzob3thienyl 4-COPh Hu I Pd/C 60 114 
A 2-benzothiazoyl H Bu Br Pd(PPh3)2C12 75 134 
B 2-benzothiazoyl H Du Cl Pd(PPh3)2C12 86 134 
A 2-benzoxazoyl H Bu Br PdPPh3)2C12 75 134 
A 2-pyridyl 4-CO2Me Me I Pd(PPb3)2C12 95 101 
B 2-quinolyl H. Bu OTf Pd(PPh3)2C12 88 136 
B 8-quinolyl H Bu b c 68 125 
B 2-isoquinolyl H Bu OTf Pd(PPh3)2C12 53 136 

B H Bu Cl Pd(PPh3)2C12 73-8 1 137 

R’HNH2 

a It P(Q)OEt2. b OS01(4.FC6R4), c Pd(OA02/ Ph2PMe 

279 431 
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Materials for use in the nanotechnology field have been prepared using Stifle methodology, The ’molecular 
brake 144 has been synthesised from the bipyridyl precursor 143 as shown in Scheme 4. The bipyridyl moiety 
of heterocycle 144 can coordinate to a suitable metal and thus activate the brake!. 140 

MeO 
OMe 

- 

Pd(PPh3)4 L,JL.JL..J 
OMe 

OMe 
- 

benzyne 

143 144 
Scheme 4 

The Stile reaction has been used to prepare a number of arylated quinoline derivatives of medicinal interest 
and two relevant examples include the preparation of compound 146 (9511/c, Pd(PPh3)4 catalyst], an 
intermediate in the synthesis of 3-bydroxy-3-methylglutaiyl-coenzyme A reductase (HMGR) inhibitors, from 
trifiate 145 and 4-FC}L4SnBu3141 and the preparation of the anti-bacterial quinolones 148 [5-740/c, 

Pd(PPh3)2C12 catalyst] from bromides 147 and appropriate pyridylstannanes.142 
Several groups have reported the synthesis of 2-arylated indole derivatives in excellent yields from a 2-

stannylated indole and an aryl halide. 143-145 Numerous arylated pyrimidines, 102,146,147.147a pyrazines and 
pyrazine N-oxides1’149 have been prepared using a Stifle reaction. 

Me Me 

145 kOTf (ir?Lr0 ’=  
146 R = 4-6uorophen)1 AN ’ -R 

0 

I 
02Et 

147 R’Br 

R) N 
148 R = substituted 

F 
pyridyl 

A diverse variety of biaryls in which both aryl fragments are heterocyclic moieties have been prepared using 
the Stifle reaction and some representative examples are shown in Table 5 (following page). The yields of 
products are generally good to excellent and Pd(PPh3)4 or Pd(PPh3)2C12 are usually employed as the reaction 
catalysts. 

The fused tricyclic heteroaromatic compounds 149155, 150156 and 151153 have been prepared using the 
Stifle reaction as shown in Scheme 5. The initially formed biaiyls were not isolated but the adjacent aldehyde 
or protected aldehyde and substituted amine substituents underwent cydisation giving the products. Other 
isomers of the heterocycles shown in Scheme 5 have also been prepared in a similar thshion. 157,158 In the 
synthesis of compound 149, it was noted that the yield was increased from 43% to 78% by the addition of CuO 
and the formation of compound 151 was promoted by the addition of Ag2O. 

11 
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Table $. Synthesis of Heterobiaryls using the StiUe Reaction 

Het tSnR3 + Het2X - Net 1-1-Iet2 

Bet1 Bet2 X Catalyst Yield (%) Reference 

2-thienyl 2-thieny) Bu 
- 

I Pd(PPb3)2C12 80 150 

2-thieny) 2-thienyl Bu lPh BF( PdCl2 94 118 

2-thienyl 2-quinolyl Bu OTt Pd(PPh3)4 11 136 

2-thienyl 
OHC 

Bu I Pd(PPh3)2C12 71 150 

2-thieny)f-% 
HmH2  

Bu I Pd(PPh3)2C12 79 150 

2-thienyl I Bu cl Pd(PPh3)2C12 7641 137 

R = H, NH2 

2/3/4-pyridyl Me Br Pd(PPh3)4 77-82 151 

Me, But 

Me 
Me 

Bu I Pd(PPh3)2C12 84-85 132 

X=O’s 

0,. 
N Me 

214/5-thiazoyl 2/4/5-thiazoyl Me Br Pd(PPh3)4 59-77 152 

3-pyridyl Me at Pd(PPh3)4 100 133 

2-quinoloyl Me at Pd(PPh3)4 92 133 

2-pyridyl 

64’ 
Bu Br Pd(PPh3)4 51 153 

2-pyridyl 2-thiazoyl Bu Br Pd(PPh3)4 60 153 

2-pyridyl 4-pyndyl Bu Br Pd(PPh3)4 70 153 

2/3/4-pyiidyl 2/314-pyridy) Me at Pd(PPh3)4 59-77 154 

3-quinolyl - 2-pyri4y) Me Br Pd(PPh)4 79 154 
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Scheme 5 

The Stifle reaction has also been successfully used in the preparation of terazyls, ofigoaryls and polyaryls. In 
the thiophene field, z-terthiophene 56 (61%)150 has been synthesised from 2,5-diiodothiopbene and 2-
tributylstannylthiophene; metboxy-substituted ter-, quater- and quinquethiophenes have been prepared,159 
thiophene tetramers and sexirners possessing 2-hydroxyethyl substituents have been synthesised as potential 
precursors of water soluble thiophene oligomers160.161 and trimetbylsilyl-capped oligothiophenes have been 
reported. 162 Long-chain alkyl and alkoxy derivatives of polymer 73163.164 have been reported and thiophene-
containing photorefractive polymers have been prepared. 165 Several types of ’donor-acceptor’ polymers have 
also been synthesised using the Stifle reaction. 166 

Dihalo- thiophenes, thiazoles and pyridines have been coupled to stannanes derived from lijran, thiophene, 
selenophene and thiazole yielding a plethora of teraryls.167 Terthiazoles,152 terpyridines,168 
quaterpyridines169’110 and oligopyridines170 are also available using the Stile reaction. 

The Stifle reaction has enjoyed considerable success in the synthesis of a large number of natural products 
which possess a biaryl moiety. In the formulae which follow, the letters ’a’ and ’b’ have been used to denote 
the origin of the aryl-aryl bond in each of the natural product synthesis and the yields refer to the biaryl 
formation step. The chiral 9,10-dIhydrophenanthrenediol unit 153 of pradimicins and benanomicins has been 
prepared (48-880%) from the precursors 152 (ft = Br. 1, OTt) in a Pd(PPb3)4 catalysed reaction in the presence 
of either (Me3Sn)2 or (Bu3Sn)2.17 One of the ft substituents in compounds 152 is converted into the 
appropriate stannyl group by the tin reagent and a subsequent Stifle reaction then occurs. The pentacydic 
benzo[a]napbthacenequinone natural products G-2N 154 (E. = H) and G-2A 154 (ft = CO2H) have both been 
prepared from a common precursor, ester 154 (ft = CO2Me), which was synthesised in 44% yield using an 
Intramolecular Stifle reaction. 171 In this reaction, the arylstannane coupling partner was generated in s/lu from 
the corresponding aryl bromide with (Me3 Sn)2. The naphthylisoquinoline alkaloid, Pindikamine A 156 has 
been prepared in several steps from the precursor 155 which was synthesised using a Stifle reaction.’ A 
stannyl analogue of compound 92 has been used in the synthesis of Moracin M 93,83 
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cP 
152 

HO 

153 

steps 0. 

154 155 156 
aflTbBr(see tC.t) aOTf b’SnEu3 
(Me3Sn)2/Pd(PPh3)4, Pd(Pph3)2a2/ PPh3 I Oiflr. 63% 

In the area of pyridine natural products, Dimethyl Sulfomycinamate 157, the methanolysis product of the 
antibiotic Sulfomycin I has been prepared. 113-174 The 2-stannylthiazole coupling partner of the pyridine triflate 
was prepared in situ from the corresponding bromothiazole in this coupling reaction. Several model coupling 
reactions were also investigated. The terpyridyl, Nicotelline 153 has been prepared from 3-bromopyridine and 
2,4-bis(trimethylstannyl)pyridine.154 The quinoline derivatives 159 and 161 have both been converted into the 
cytotoxic alkaloid Amphimedine 160115 and the non-natural isomer, Isoasididemin 163,176 of the pentacydic 
alkaloid Ascididemin 162 respectively. The synthesis of compound 161 also provides another example of 
chemoselectivity in the Stifle reaction the quinolyl precursor to compound 161 reacted at the tnflate group and 
not at the 6-bromo substituent, Continuing the theme of quinoline chemistry, the alkaloid Dubamine 164123 

and the pyridylquinoline 165177 have also been prepared using Stifle methodology. Compound 165 and related 
derivatives were prepared as analogues of the anti-tumor antibiotic Streptonigrin. 

157 
a"OTf, bBr (see te.’) 

(43Sn)2/Pd(PPh3)4/ Pd(PPb3)2a. 35% 

9N

 
bn

 

a-Br, bSnMe3 
Pd(PPh3)4, 48% 

159 160 
a’OTf b�SnMe3 
Pd(PPh3)4, 87% 
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161 
a=OTfbSnMe3 
Pd(PPh3)4/ CuBr, 6064% 

N’Q 

Ob. 

xN) 

162 X--CH Y=N 
163 X--N, Y=CH 

n_jtBucoHN)r 
0 Ph 

164 165 
a=(YTf b=SnMe3 aSnMe3, bOTf 
Pd(PFh3)4, 79% P4(PP1t3)4, 6?% 

The lactones, Schumanniophytine 167 and Isoschumanniophytine 169 have both been prepared from the 
pyridylchromones 166 and 16$ respectively. 178 The indole alkaloid, Hlppadine 172 has been prepared by two 

methods. In one method,179 the biaxyl 170 was prepared using a Stifle reaction and was subsequently 
converted into Hlppadine 172 and in another method an intramolecular cycisation (68% yield) of a dibromo 

precursor in the presence of (Ru3 Sn)2 (which transforms one bromo substituent into a tributyistannyl group) 

was used.180 Pratosine 173 was also prepared from biatyl 170.179 Phenylation of the eatbazole triflate 
precursor of compound 175 with PhSnMe3 resulted in the loss of the CO2Bu1 group giving I{yellazole 174 
directly.181 Micrococcinic acid 176 has been prepared using Stile methodology to form all of the atyl-ayl 
bonds. 192 

te 

166 167 
aSnMe3, b 
Pd(PTh3)2C12, 25% - 
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HO steps 
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170 R= -CH2-
a4n13. bBr 
Pd(OAc)2/ F(o-tobr03/ EkA 63% 

171 RMe 
a*Snj3, b=Br 
N(0A02/P(o4orl)/ fk3K 65% 
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steps  13OH 0 
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RO 

172 R = -CH2-
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5. THE SUZUKI REACTION 

5.1 Cheinoselectivity and Regioslecnviy 
Phenylboronic acid reacted with 4-bromochlorobenzenc exclusively at the bromo substituent giving 4-

chlorobiphenyl 6 (74%) in a Pd(PPh3)4 catalysed reaction. 193 Mesitylboronic acid coupled with 2-

chloroiodobenzene (94%) and 2-bromoiodobenzene (560/9) (Pd(PPh3)4 catalyst, Ba(OH)2 base) giving the 

biphenyl derivatives 177 and 178 respectively. 184 Both 3-bromoiodobenzene and 4-bromoiodobenzene have 

been coupled sequentially with mew-tolylboronic acid and then phenylboronic acid yielding methylated meta-

and para-terphenyl derivatives respectively in good yield. 185 3-Brorno44odobenzonitiile reacted with 4-(n-

pentyl)phenylboronic acid at the iodo substituent [Pd(PPh3)4 catalyst] affording the biphenyl derivative 179 in 
74% yield.186 Other bôronic acids similarly coupled with Only a low 
selectivity was observed when boronic acids were reacted with 2,5-dibromobenzonitiile in a 1:1 ratio but with 
a 2:1 ratio of reactants coupling occurred at both bromo substituents giving terphenyls in moderate yield. 1 86 

Although alkyl substituted derivatives of 4-bromophenylboronic acid polymerise yielding alkylated poly(para-
pbenytenes),Ian 4-bromophenylboronic acid and the iodoaniline 180 gave the biphenyl product 181 in a Suzuki 
reaction. 189 One bromo substituent in I ,3,5.tribroinobenzene can be selectively replaced by phenylboronic acid 
giving 3,5-6bromobiphenyl in 670/6 yield. 139 

Me NC AcO 

C5H11 
�&?? 

Br N�aR 

me R AGO 

177R=Cl 179 I30R=1 
179R=Br 181R=4-Bii6}1 

2,4-Dibromothiophene reacted regiospecifically with both 2- and 3-thienylboronic acids giving the bithienyls 
1*2 (35%) and 183 (65%) respectively in a Pd(PPh3)4 catalysed reaction. 2,3,5-Triiodothiopbene and 2-
thienylboronic acid afforded the terthiophene derivative 184 (60%) in which two of the iodo substituents have 
been replaced. 190 

The pyridylborane 185 reacted selectively [Pd(PPh3)4 catalyst) at the bromo substituent of pyridine 
derivative 181 in a Suzuki reaction rather than at the stannyl group in a Stifle reaction giving the bipyridyl 188 
in 860/6 yield. 191 With 2,3-dichloropyridine and 2,4-dichloropyridine this borane 185 reacted selectively at the 
2-positions affording bipyndyls 189 (921/6) and 190(57%) respectively. 191 2,6-Dichioropyridine can be mono-

arylated with borane 185 giving bipyridyl 191192 and 2,6-dibromopyridine gave bipyridyl 192 (67%) and 6-
bromo-2,4’-bipyridyl (570%) with boranes 1*5 and 186 respectively.193 2,5-Dichloropyridine was selectively 
phenylated (71%) at the 2-position by phenylboronic acid yielding 2-vhloro-6-phenylpyridine in a Pd(dppb)C12 
catalysed reaction. 194,195 In pyriinidine chemistry, the iodo substituent of compound 7* has been replaced in 
preference to the Moro substituent in a Suzuki reaction using phenylboronic acid. 
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182R=’2-thlenyl 184 185R=3-BEt2 187R=Br 189R3-Cl 
183R3-thienyl 186R=4-BEt2 188R’3-pyridyl 1901t4-Cl 

191 R = 6-Cl 
192 R. = 6-Br 

5.2 Sterw Consideralions 
The synthesis of compounds 177 and 178 in a Suzuki reaction illustrates that biphenyl derivatives possessing 

three art/to substituents are readily available. The related biphenyl derivatives 193,184 194184,196 and 195197 

have also been prepared using Suzuki methodology and fhrther examples of the preparation of biphenyls 

possessing three oriho substituents in natural product chemistry are given below in Section 5.3. The most 

commonly used base in the Suzuki reaction is Na2CO3 and this base is often ineffective with stezically 
demanding coupling reactions. If Ba(OH)2 or K3PO4 is used in sterically demanding reactions, good yields of 

products are usually obtained. 1 96 
The boronic acid 196 and 2-bromo-3-methylpyridinc gave the biaryl 198 [Pd(PPh3)4 catalyst, KOBu1 base] 

in 83% yield. This compound was subsequently demethylated affording the phenolic derivative 197 which, 

after resolution, was used as a chiral ligand for the enantioselective addition of Bt2Zn to arylaldehydes.’98 The 
bis-borane 199 and 3-bromopyridine gave product 200 in high yield in a Pd(PPh3)4 catalysed reaction, 199 

Me. Ome R Me 

M But B(OH)2 But_C
 6N�

me R But 

193 R.=OMe 196 
194 R=CHO 
195 R=NO2 

197R=H 199RBEt2 
198R=OMe 200R=3-pyridyi 

Chromium tricarbonyl complexes of bromobenzene derivatives have been coupled with boronic acids yielding 
biaryls with axial chirality in Pd(PPh3)4 catalysed reactions in the presence of Na2CO3.200 Thus, compound 
201 and boronic acid 203 afforded product 205 (96%) whereas compound 202 and boronic acid 204 gave 
biaryl 206 (4394). Other chromium tricarbonyl complexes and boronic acids similarly gave related biaryl 
products. Complex 207 reacted with phenylboronic acid in the presence of the chiral ligand, (S)-(R)-PPEA, 
yielding a 73:27 mixture (55%) of compound 208 (690/c cc) and the corresponding achiral diphenylation 
product.201 Similar results were obtained with 2-totylboronic acid although the cc was lower. 

X Me CHOCFIO 

r�Br (HO)2B�>
 
d-ij 

e OMe Me O 

(CO)3Cr 
Cl 

207 

OMMe 
Cr(CO)3 Cr(CO) Cr(CO)3/ \ ci 

201 X Me 203 R = Me 205 206 (CO)3Cr’ 
- 20$ 

202X=CHO 204R=CHO Ph 
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5.3 General Survey of the Suzuki Reaction 
The preparation of biphenyls using Suzuki methodology is well documented in the literature and some 

representative examples are given in Table 6. The yield of biphenyl products are invariably good to excellent. 

Table 6. Synthesis of Biphenyls using the Suzuki Reaction 

R1 R R X Cata$yst Base Yield M. Reference 

H 11 OR OTf Pd(PPh3)4 K3PO4 83 202 
H 4-OH OH I Pd(OAc)2 Na2CO3 80 203 
H 4-OMe O(CH2)30 I Pd(dppe)C12 TIOH 82 204 
H 4-CRC) OH Br Pd/C+PPh3 Na2CO3 96 205 
H 2/3/4..CO2H OH I Pd(OAc)2 Na2CO3 60-95 202,206 
H 4-CO2Me OH Br Pd(PPh3)4 Na2CO3 94 183 
H 2-NO2 011 Br Pd(PPh3)4 Na2CO3 98 197 

4-F H OH I Pd(OAc)2 Na2CO3 >95 207 
4-F 4-CRC) OH Br PdIC+PPh3 Na2CO3 84 205 

4-Me 4-OMe OH OW Pd(PPh3)4 K3PO4 85 208 
4-Me 4-SO3Na OH Br a Na2CO3 78 209 
4-Me 4-NO2 OH OTf Pd(PPh3)4 K3PO4 82 202,208 

2-CRC) 4-Me OH I Pd(PPh3)4 Na2CO3 54b 196 
2-CRC) 4-Me O(CH2)30 I Pd(PPh3)4 K3PO4 89 196 
2-CHO 2-NO2 OH Br Pd(PPh3)4 £t3N 82 210 

2-CONPr’2 H OH Br Pd(PPh3)4 Na2CO3 82 211 
2-CONPr42 2-CONBt2 OH Br Pd(PPh3)4 Na2CO3 44 211 

3-NO2 H OH Br Pd(PPh3)4 Na2CO3 95 197 
4-NO2 4-COMe OBu Br Pd(PPh)4 712CO3 90 - 204 

a Pd1Ph2P(3-S03H.C6R4)j3, b deboronylation also occurs giving beuzaldehyde (39%) 

In addition to the biphenyls listed in Table 6, other more highly substituted biphenyls,212-218,2182 related 
compounds such as arylated naphthalenes,201’219 arylated binapbthyls220 and phenanthrenes219 have also been 
prepared using the Suzuki reaction. Appropriately oriho substituted biphenyls have been synthesised as 
precursors to phenanthrol8214 and nitrofiuorenones.215 Biphenyl derivatives can also be prepared using solid 
phase synthesis. 121,221.222 

Other applications of the Suzuki reaction in biphenyl chemistry include the preparation of butylated 
hydroxybiphenyls as anti-oxidants,223 5..atylninhydrin derivatives from compound 135 and arylboronic 
acids, 131 and liquid crystals. 1*6.181.224.225 Biphenyl derivatives have also been synthesised for the medicinal 
chemistry field; examples include amino acid analogues226228 and N-methyl-D-aspartate (NMDA) 
antagonists.229 

Borates such as Ph4BNa are frequently used as coupling partners of aiylhalides in the Suzuki reaction and 
several biphenyl derivatives have been prepared using this methodology.203.230 Borates of general structure 
Ar1XB(OP.) LI (X = Me. Bu) gave biphenyls (44j1..Ar2) with mesylates (Ar2OMs) in Ni(PPh3)2Cl2 
catalysed reactions.231 
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The reaction of phenylboronic acid with esters of general structure 209 (ft = Me, CF3, Ph, 4-FC6H4, 4-

MeC6H4) has been studied.. The best yield of methyl biphenyl-4-ca6oxylate was obtained with the triflate 209 

(RCF3).232 

MeO2C�(-’-OSO2R 209 

The fluoride anion can also be used as a base in the Suzuki reaction. Thus, phenylboronic acid has been 

reacted with a range of bromobenzene derivatives [Pd(PPh3)4 catalyst] in the presence of a variety of fluoride 

sources (Et4NF, Bu4NF, CaP or 1(F) and biphenyls were produced generally in good yield.233 
There are many examples of the synthesis of heterobiaryls possessing one heterocyclic and one carbocyclic 

ring. In pyridine chemistry for example, borane 1*5 has been coupled [Pd(PPb3)4 catalyst] with bromoaxyls 

210 (ft 2- or 4-Cl, Me, OMe, COMe, CO2Me, NO2) affording heterobiaryls 211 in 53-87% yield234 and 

borane 186 also gave heterobiaryls 212 (ft = 2- or 4-Me, CO2Me, NO2) in 47-77% yield. 193 Other arylated 
pyridines,185’202’204’208’209’21 1.235.236 pyrazines.185.194’236.237’238 pydmidines,1’194 quinolines,194’239*241 
imidazoles,105 furans,241a thiophenes,210’211 indoles,2422,2a and porphyrins24247 have similarly been 

prepared using the Suzuki reaction. 

Br�  

210 211 212 

The preparation of heterobiaryls using the Suzuki reaction in which both aryl moieties are heterocycles has 

attracted considerable attention and some illustrative examples of the synthesis of parent heterobiaryls are 
shown in Table 7. The catalyst in all of the reactions cited in Table 7 was Pd(PPh3)4 and the yields of 
products are generally good to excellent. Numerous substituted derivatives of the heterocycles listed in Table 
7 have also been prepared. 

Table 7. Synthesis of Fleterobiaryls using the Suzuki Reaction 

Bet’ BR2 + Het2X -* Het1-Het2 

Bet1 Bet2 R X Base Yield I Reference 
2-thienyl 3-thienyl OH Br Na2CO3 40-70 248 
3-thienyl 2-thienyl OH Br Na2CO3 72 249 
3-thienyl 3-thienyl OH Br Na2CO3 70 248,249 
2-thienyl 2/3/4-pyridyl OH Br Na2CO3 57-68 250 
3-thienyl 2/3/4-pyiidyl 01-1 Br Na2CO3 69-74 250 
5-indolyl 213-fl.nyl OH Be NaHCO3 65-82 242 
5-indolyl 2/3-thienyl OH Br NaHCO3 78-86 242 
5-indolyl 2/3/4-pyridyl OH Br Na}1CO3 65-90 242 
3-pyridyl 2-pyridyl £t Cl/Br KOH 82-85 192 
4-pyridyl 2/3-thienyl Et Br Na2CO3 66-67 193 
4-pyiidyl 3-pyridyl Et Br Na2CO3 64 193 
4-pyridyl 2/3-guinol2yl Pt Br_ Na2C0 70-14 193 - 
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A number of uradil analogues have been synthesised as potential anti-viral agents using the Suzuki 
reaction.95’251’252 For example, pyrimidine derivatives 213 and 214 have been coupled with heteroaryl boronic 
acids, HetB(OH)2 (Het = 2/3-thieny), 2/3-selenyl elo) giving biaryls 215 and 216 respectively which, after 
removal of the 0-protecting group, give uracil analogues. Heteroaryl bromides can also be coupled with 
boronic acid 217 giving products 216.95 The pyrrole-containing immunosuppressive-agent undecylprodigiosine 
220 has been synthesised using a Suzuki reaction of boronic acid 218 and triflate 219.253 The Boc group of 
boronic acid 218 is lost during the coupling process. 

OMe Me 

OR OR OBUI T(I  

B(OH)2  
NkXBrN4JHet N52(i N’ N 

BuO N 
Boc C I IH21 C13H23  

213R’Bn 215RBn 217 218 219 220 

214RBut 216R."But 

Scheme 5 illustrated how the Stifle reaction could be applied to the synthesis of tricyclic heterocycles. The 
Suzuki reaction has also been employed in the synthesis of tricycle heterocycles by cyclistion of biaryl 
precursors and heterocyles 221,254 222,255 223,255 224184 and 225256’57 provide representative examples 
(Scheme 6). Substituted phenanthridines and phenanthridiriones have also been prepared using similar 
methodologies.258 

Terpyiidyls,193 quateropyridyls169 and a plethora of teraryls167 with three heterocyclic rings have been 
prepared using the Suzuki reaction. 

The Suzuki reaction has found widespread application in polymer chemistry. Poly(para-phenylene) 
deriva6ves,259 alkyl substituted poly( wa.pbenylenes),raS26oZ62 water soluble poly(para-phenylenes)263 and 
polyphenylene dendrimers264,265 have all been prepared. Polymers possessing alternating substituted biphenyl 
and binaphthyl moieties have also been prepared266 and the preparation of ’graphite ribbons’ from alkynyl 
substituted poly(pwv-phenylenes) has been reported.267 A series of bulylated oligonaphthalenes have been 
synthesised268 and chiral polynaphthols have been reported.269 In heterocyclic chemistry, alkylated polymers 
of 2-phenylpyrrole270 and trimethylsilyl-capped oligothiophenes have been prepared. 162 
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Scheme 6 

The Suzuki reaction has found extensive application in natural product chemistry and some illustrative 
examples are now described. The fluorenone derived natural product. Dengibslnin 227 has been prepared from 
the biphenyl precursor 226 which was prepared using a Suzuki reaction.271 The synthesis of biphenyl 226, 
which possess three oriho substituents provides a further example of the tolerance of the Suzuki reaction to 
static effects. The phenanthrene derived compound, Gymnopusin 229 has been prepared from biphenyl 228212 

and ismine 231 was synthesised from biphenyl 230.258 The aglycone 233 of the benzonaphthopyrone 
antibiotics 234 has been synthesised from biaiyl 232213 and other lactones such as Autumnariol have similarly 
been prepared.214 

me, 
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226 227 
a(O9z)2, b = I 
Pd(dppfX(K3PO4, 50% 

230 231 
a"D(OH)2, bBr 
Pd(OY 23’ 

228 
a"". b’’B(OH2 
P4(PPh3)4/Na2CO3, 75% 
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232 
a"B(OH)2. b"4 
?d(PPh3)4/ Na2t03. 61% 

229 

233 K - H 
234 K = sugar 

Examples of the synthesis of alkaloids using the Suzuki reaction include the preparation of rmeluteine 236 
from biphenyl 235,271,271a Eupolauramine 238 from biaryl 237,275 Ellipticine 240 from heterocycle 239,276 
the quaterpyridine 242, an isomer of Nemertelline 241277 and the teraiyl. Nortopsentin A 243.278 Nemertelline 
241 has been prepared (68%) using Stifle methodology from bipyridyls 188 and 190,1’ The quaterpyridine 
structure 242 had originally been assigned to Nemertelline 241 and its synthesis was undertaken for this reason. 
The alkaloids Dubarnine 164 and Hppadine 172 have both been prepared using the Stile reaction as outline in 
Section 4.3 and the Suzuki reaction has also been applied to the synthesis of these two heterocycles194’24079 
as well as related alkaloids such as Ungerimine.279 

The synthesis of Michellamines such as the atropisomers Michellamine A 244 and Micheflamine B 245 has 
attracted considerable interest.68’280’251 In one synthesis of compounds 244 and 245, a bis-Suzuki reaction 
was employed to form the quateraiyl skeleton from tetrahydroisoquinolyl and binapbthyl precursors.280 
Analogues of Michellamine B 24$ have also been prepared.282 
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6. OTRER CROSS-COUPLING REACTIONS 

Aryl sflanes such as compound 246283 and related compounds284’285 underwent a fluoride promoted cross-
coupling reaction with aryl halides or triflates in the presence of a palladium catalyst yielding biaryls. For 
example, compound 246 and 2*iodoanisole afforded 2-methoxybiphenyl (45%) and 3-methoxybiphenyl (83%) 
was obtained from 3-iodoanisole and silane 246. 

Oanomemu compounds (I Ar2Hg) have been coupled with aryl iodides (Ar2!) in the presence of a 
palladium catalyst giving biphenyl derivatives in good yield. 4-Nitrobiphenyi (980/*) and 4’-X4-nitrobiphenyls 
()(= Cl, Me, We) (97-991%) have been synthesised using this chemistry256 and heterobiaryls have similarly 
been prepared.281 
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In copper chemistry, compound 247 reacted with a number of 4-substituted aryl iodides yielding products 

24$ (R = Cl, OMe, COMe, CN, NO2) in good yield (70900/o).288 The catalyst was ?dPh(PPh3)21 and both 
the yield rate of reaction was accelerated by the presence of Bu4NI. The role of the Bu4NI was to form a more 

reactive organocopper intermediate, tmesitylCuIJ Bu4N. 

j-Si(Et)F2 
me� 

Cu Me- aR 

Me Me 

246 247 24$ 

7. REVIEW ARTICLES 

There are a substantial number of review articles of various lengths and detail in the literature which have 

Sections describing catalytic cross-coupling reactions in biaryl synthesis. ’87’89" Many of these reviews 
consider cross-coupling reactions in a broader sense, for example the cross-coupling of aryl and vinyl moieties 
and of two different vinyl moieties but these reactions are usually mechanistically closely related to the 
reactions covered in this Review. Several of these reviews also give historical developments of catalytic cross-

coupling reactions. 

8. LIGAND ABBREVIATIONS AND STRUCTURES 

The structure of ligands considered in this review are given in Table S (following page). It should however 
be appreciated that an extensive number of other ligands have been used in catalytic cross-coupling reactions. 

9. CONCLUDING REMARKS 

It is clear that the transition metal mediated coupling route to biaryls and heterobiatyls has come of age and 
is routinely employed in laboratories throughout the world. It is however appropriate within the context of this 
Review to broadly summarize the relative advantages and disadvantages of the Kharasch, Negishi. Stile and 
Suzuki reactions so that a judicious choice from these reactions can be made by the practitioner when 
contemplating the preparation of a biaryl molecule. 

In terms of overall functional group compatibility, the Stille and Suzuki reactions tolerate a wide range of 
functional groups and biaryls possessing electronically different aryl fragments are amenable to synthesis using 
these methodologies. The Suzuki reaction is especially suited to sterically crowded biaryls. Both the Stille and 
Suzuki reactions can tolerate water and both aryistannanes and arylboronic acids are relatively easy to prepare. 

For structurally uncomplicated biaryls possessing functional groups which can tolerate Grignard reagents, 
the Kharascb reaction is often a useful preliminary method to try if the Grignard reagent and its coupling 
partner are readily available. 
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Table S. Ligand Abbreviations and Structures 

acac MeCOCB=C(O-)Me acetylacetonate 
dba PhCHCBCOCI3=C1Wb dibenzylldeneacetone 

bpy I.i__(_I:: 2,2’-bipyridy) 

dppe Pb2PCH2CH2PPh2 1,2bis(diphenylphOsphino)etl1ane 
dppp Ph2PCH2CH2C*I2PPh2 I ,3-bis(dlpbenylphosphino)propafle 
dppb Ph2PCH2CH2CH2CH2PPh2 1,4-bis(diphenylphosphino)butafle 

dppf Pkp_oFc_o_ppb2I, lcbis(diphenylphosphino)ferrocene 

(S)-phephos(.S)-2-(dimethylainino)- 1-(dipbenylphosphino)-3- 
Ph2p-’-.,,NMe2 phenyipropane 

(8)4R).P?FA (S-NN.dimeth4-(()?)-2- 

r 
PPh2 (diphenylphosphino)ferroccnyl]ethylamine 

Me2N 

(S)-(R)-PPFOMe0 "Fe -0 (S)-I-[(R)-2-(diphenylohospWno)ftwcenyl]cthyI 
PPh2 methyl ether 

Me ’H 
MaO 

triphos (Ph2PCI42CB2)PPh bis[2-(cliphenylphosphino)cthyl]phcnylphosphine 
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Eigure 1. Potent small molecule.. VLA-4 antagonists. 

small molecule are 21 and 3,8 which..are reportedly under-. 
going chnxal evaluation for the treatment of asthma and are 

. currently in phase 1 and phase 2, respectively. 
Of the numerous inhibitors reported in this class, it is clear 

that a high degree of diversity in the N-acyl substituent is 
tolerated, although these are generally hydrophobic, and that 
the amino acid a-NH is important. for activity. We have 

� recently described the discovery of squaric acid derivatives 
including CT7015 (4) as VLA-4 antagonists9 that illustrate 
these observations.  

As part of a search for a unique class of VLA.4 antagonists 
distinct from 4,; we hypothesized that the combination of a 
hydrophobic spfrocydlic substhxient, such as that in 1, in the 
context of a rigid planar scaffold such .as.that. provided by 

� the 3,4-dianthto-3-cyclobuteu-1,2-dione (squaranride) group 
of 4 would provide potent compounds with an advantageous 
phannacokinetic profile. We believed that the 3-anthio-2-
cyclobuten-I-one analogues typified by 5 would be the most 
appropriate compounds to test this iiybridization’ hypothesis 

� (Figure. 2) . and investigated the synthesis of these by 
� condensation of an c -amino ester with 

a cyclobuta-1,3-dione 
or its enol’ ether.1° S �. 

We felt that this intriguing structural element, thus. far 
unutilized in the, pharmaceutical arena,. warranted further 

(7) Sircar, I.; Gundsson, L S.; Martin, it; Liang, L; Nomura, S.; 
Jayakuma, 

a; 

Teegarden, S.- R.; Nowlin, D. M.; Cardarelli, P. M.;.Mah. 
T, L; Connell, S.; Griffith, it C.; Lazarides. E. Bioor,g. MaiL Chem. 2002, 
10, 2051. S 

(8) Chen, L,; Tilley, 3.; Trifles, R. V.; Yun, Weiya, Y.;5 pry, 1).; Cook, 
C.; Rowan, K.; Schwinge, W. Campbell, it Bioorg, MiiL Chem. Lem 2002, 
12,137. S S 

Porter, L R. Archibald, S. C.;’.Childa, K.; Crizobley, D.; Hen, 3. C.; 
Lns1ey, LM.; Partonj. A. H.;.Robinson, Md IC; Shock, A.; Taylor, It 3.; 
Warrellow, 0. 3.; Alexander, It P.; Laugharn, B iôorg. Med. Chem Uit 

� 200,202,1O51. � S , 

(10) Wasserman, Martin, and Moore have each reported the synthesis 
of a single example of the title compound using .this.approach, the latter 

� within the* context of the preparation. of an amino-substituted naphthol. 
� see (a) Wasserman, XL H.; Pipe; J. U.; Dehmlow, E. V. .1. Org. Chetn. 

� 193,38,145L.(llsek,.RK;Gon,P.G.;Mrtln,LC..J.Q,g.Chenx 
19(4, 29, 2510. (c) Turnbull, P.; Moore, a.W J. Or Chem. IM, 60, 

.644. S ’� 

Scheme L ’ Synthesis of Cyclobuta1,3-diones 

Rl.>cia) R2 
b) H30’

R2 
� EtO, NEtS 

6a-I la-I 
� 

-- RI � R2 � 7 VWd(%) 8 

CN3 C}13 8 71 91 
CH3 Ph b 45 85 
Cl-I3 an c 86 98 

(R1R) -(Cl-I2)47 
d 70 98 e 81 92 f 87 95 -(CHNAc(CH2)2- 9 67 87 h 59 C18O2(CH- 1 57 � 68 -CK2CHCl1CH2- 3 73 65 CHCHOMe(CH- Ic 65 94 (CH,),CHTBu(CH,),.. 1 84 � 90. chloride and NEt3 (1.5 equiv) in the presence of ethoxy-acetylene (2.0 equiv) in Et20 afforded 3-ethoxyspirof3.5J-non2-en-1-one (7e) in 81% yield. The reaction time can be reduced from a reported 21 days at S TIo4 to less than 48 h by beating the reaction to reflux temperature. Although feasible, no apparent dimerization of the intermediate ketenes was observed at this elevated temperature. The novel spfrocydlic examples 7g-4 were prepared using an analogous transformation with comparable yields being obtained In all cases examined, the cycloadducts were found to be stable and were conveniently purified by column chromatography on silica gel. Various attempts. to convert enojether. 7e directly to the desired 3-amino derivative (i.e., 5) by substitution with L-pbenylalanine ethyl ester as a test substrate were frustrat-(11) Arena, 3. P. Advances in

 Organic Chemistry Methods and.Rendta; Raphael, 

it A., Taylor, E. C.,’FA; Interacience Publishers: New York, 1960; Vol. 2, pp 117-212. Martin, 3. C. US. Patent 3 288 $54,1966. (12) Ethoxyacezylene was purchased from Lancaster Chemical Co. as an approximately 50%wtw solution In.hexanes. Yields 7a-1 were calculated based upon the amount of acid chloride used. � 2344 � � S O.Lat,VoL5, No. 13,2003. 



mgly unproducttve We were consequently forced to examine 
fonnation of the desired vmylogons aimdes by combination 
of an amine with a cyclobuta-0-dione To this end, 
cyclobutenones la�i could be hydrolyzed to cyciobutachones 
$a�I m good yield by treatment with 2 M RCI at2O °C for 
24 Ii. A notable aspect of these conversions is that hydrolysis 

� proceeds without detriment to the four-memberedcarboccle, 
in. contrast to analogues lacking góminai substitution at C4 
winch undergo a facile ring-opening under these ,conditi.ons 
to give flfethoxycrotonic acids.. : 

in an effort to expand the scope .of the ritig-f<rming 
process, we attempted substitution at the 2-position oitbe 
eyçlobutenonc by employing a variety of substituted. alkoxy-
acetylenes. Consetuent1y,cyc1oa&lition precurso 9a,b were 
prepared directly.. by alkylation. of the acetylide anion of 
ethOxyacetylene (Li .equiv of Buli; 2.2 equiv of }{MPA) 
with benzyl bromide. and iz-hexyl iodide, respectively, 
according to literature pmcedure.13 Alkynes .9c�e were 
prepared by reaction of chioroacetaidebyde dibutylacetal with 
2.2 equiv LDA/HMPA followed, by alkylation with the 
appropriate alkyl bromide, RBr.14 Alkynes 9a�e were also 
found to undergo cycloaddition with dimethyl1eteue to give 
enol ethers 10a�e (Scheme 2), and these were hydrolyzed 
without incident under similar’ conditions to give diones 
ha�c. 

Scheme 2. Synthesis of Trisubstituted Cyclobuta-1,34ones 
CH3 r% 

RO____ 
a)PrCOCI 

OR’ 
b) NO’ 

Et20.NEt 0’4f? 
 R 0 R 

9a-e ba-a ila.e 

R’ R 10 yield (*/*) 11 

Et BA a.75 95 
Et ’Hex b 61 98 

’Bu OH3 a 45 85 
’Bu Et d 56 70 
’Bu ’Pr a 61 64 

In all cases described, the expected regiochemistry of the 
cycloaddidon was complete and no regloisoineric material 
was detected. 

Subsequent reaction of cyclobnta-1,3-diones Sa�j with the 
pbenyl.alanine derivative 12 was found to proceed with 
suprising speed when mixed in TIE at room temperature, 
to give the desired vinylogous amide derivatives 13a-1 in 
<24 h15 (Scheme 3, conditions a). Contrastingly, those 
reactions involving C-2 susbatituted cyelobuta-1,3-diones 
ha�c were wholly unreactive with 12 under these condi-
tions and required beating at 100 °C in nitromethane for 48 
Ii to achieve complete conversion to the corresponding 
analogues 13m�q (Scheme 3, conditions b). 

(13) Pens, J.-M.; Kocienaki, P. Tetrahedron Lets 1989, 30, 1833. 9a 
and 9b were prepared in 99% and 92% yields, respectively. 

(14) A modification of the method reported in: Newman, h& S.; Geib, 
S. R.; Staliek, W. M. Qr. Prep. Proced. mt. 1972, 4, 89. 

(15) Contrastingly, the reaction of 4 with cyclopenra-1,3-dione required 
several days for completion under these conditions. 

� .... .Conduonsar 
NH3 

12 CO3Et 

�  

. 13a 
R3’ 

yield(%) 13 RI R2 R3 

Ct-I3 CH3 H a a93 
OH, Ph H a b 
OH,. Bn H a.c’89 

.59’ 

H . a d 88 
-(OH2)5- H a a 95 
-(OH2)6- H a f 86 

-CH,),NAcCH,),- H a �. 9 67 
Ot-I,),o(cI-tJ,- H a h 91 

H a 1 23 
-CH,CHCt4CH2- ’H a 

. 1 59 
-(CH,),CHOMe(CH,),- H a k 87 
-(CH,),CHtBu(CH,),- H a I 84 

0-3  OH, Bn , in 59 
OH, OH, ’Hex b n 72 
ON Ct-I3 Me b o � 70 
OH, OHS Et b P 73 
CH, OH, ’Pr b q 75 

We speculate that this may either be a steric phenomenon 
or alternatively that the C2 substitueiit stabilizes the relatively 
unreactive enolic form of the dione, reducing the relative 
concentration of the reactive dicarbonyl tautomer. Interest-
ingly, the condensation reaction of meso-diones 8b, c and 
k, which contain prochiral centers, gave inseparable diaster-
eomeric products with the ’reaction showing only weak 
diasteroselectivity (<30%). Contrastingly, dione 81 reacted 
to give compound 131 as a single isomer, the stereochemistry 
of which we were unable to determine conclusively. 

With the intention of providing access to novel C2 
substituted versions of 5, we surveyed the reactivity of 13e 
to a variety of electrophiles and the results of this study are 
summarized in Scheme 4. In keeping with’ the observation 
that 7a undergoes bromuziation,’°’ vinylogous amide Be was 
found to be rapidly convertible to the 2-bromo analogue 14c 
In 95% yield, by reaction with bromine or NES in THF at 
room temperature (Scheme 4). Chlorination and iodination 
are achieved using NCS and NIS respectively and fluorina-
tion was performed using Selectflu&6 to give 14b, 14d, and 
14a, respectively. The thioalkyl substituents of 140 were 
introduced by reaction with the appropriate sulfenyl chlo-
rides, which were produced in situ by reaction of the 
corresponding disu)fide and S00217 prior to addition of 131. 
Compound 14b can arise as a minor byproduct of these 
reactions, presumably through chlorination of 13e by un 

(16) Beaks, R. B.; Mnrtagh, V.; TSIliOPOUIOUS, B. J. Fhwrfrze Chem. 1991,’ 
52,389. 

(17) Still, LW. 3.; Kutney, 0. W.; McLean, D. J. Org. Chem 1982,47, 
560. 
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Sdieme 4. auon of Ue with Eectrophiles Stille-type reaction would allow more convenient parallel 
synthesis of C2snbstimted compounds, thereby circumvent-
rag tbe need to synthesize mdivzdual acetylenes To this end, 

( N 144 undergoes a Pd(PPh-cataiyzed Stifle coupling with 

atom 
3tnbuzylstannylpytidme and trtbuannyl-I,4-pyiadazme 

H 
in.. 41%r and 53% yield, respectively as representative 

\ 0 (N examples of this strategy 
l3e CO2Etco As a prelude to biological testing, ethyl esters 144�m mere 

15a..m R#t required to be converted to their corresponding acids 1$a�
� 

S mndthiscouldbeacbievedbreactionwith1MLiOHin 
E e(d14(%) THF, in high yield (>85%) It r noteworthy that the 

� .� .1O°C . anthiocyclobutonne core of all compounds were found to 
CI 80 

oBri. Nt,ThFOC,Amin 9? 95 be stable under these basic conditions (with the exception 

çIseH3TH/ocM  rt, 20mm 
of l4j), an indication of the "ainldic’ stabilization of the 

t. c1sr, çjr, rt . . enaininone moiety. The ability of carboxylic acids iSa�rn 
g CPhThFIOCM,mt30rnn $Ph. 81 . to -disrupt bindingof VLA4 to VCAM was evaluated in a 

Seft 87 
cHNMI- � S

 

cell based assay using E6.lJtirkat cells (human T-ceflline) 
� Pb(OAc). 0CM, 40-0.4h OM 55. . and immobilized VCAM4 in the presence of 1%BSA 

k)ocM4h
 �.� (bovine  <I 

S.  s S a-1 suM. Notably compound 14mhaaan1C50 013 aM in this 
assay. A fuller analysis of the biological properties of 

JN 
� S. compounds 15a�m and their congeners shall be reported in 

S 

S 5$ 

.mmc due course. S 

m 
c<] 

S89 

reacted SOCl2, although this side-reaction could be avoided 
by using an excess of disulfide during the suifenyl chloride 
prearation step. 

Compounds 14gh were prepared in an analogous fashion 
by reaction with commercially available. phenylsulfenyl and 
-selenenyl chloride. Adimóthylaminomethyl group. can be 

� introduced onto 13e by reaction with. Escitenmoser’s salt 
� S [142CN(Me)j fl. Bydroxylaxion of the wisubstituted 

vinylie carbon was achieved by oxidation with Pb(OA)4 to 
give compound 14j. Eiectrophiles are also found to react 
with the nucleophilic amino.cyclobutenone system as evi 

� denced by reaction of 13e with 1,34thienium tetratluo 

.- borate to give 14k. The heterocyclic snlfenyl chlorides used 
in reactions! and in were prepared in-situ directly from the 
corresponding heterocyclic mercaptans by reaction with NCS 
in THFII and these were found to react predictably with Be 
to give 141in. S 

In summary, we have developed the synthesis of a variety 
of highly functionaiied 3-amino-2-.cyclobutenones by con-
densation of an amino with a cyclobuta.. 1 ,3.dione as the key 
step These uncommon functional groups have subsequently 
shown potential application as squaramide isosteres in a 
biological context. 
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and spectral and analytical data for compounds le-1, 13a�
q, and 14a�m. This material is available free of charge via 

the Internet at http://pubs.acs.org. 0L034701N (18) W&tbylwu4oW-sWfeayI chloride has been previougy prepared by chlorination of the meroaptan with cb1Orne. Sae: Posde, S. P. U.S. Patent 4 387 158, 1983. 2346 . � . S S � S � S � O,.Lat., VOL 5, No. 132003 



SUPERINTENDENCIA DE INDUSTRIA YCOMERCIO 
DIVISION DE NUEVAS CREACIONES 

Radicación No. 02-105332 
Clasificaciôn Internaclonal (IPC) A61K3114412, 311198 
Conceptó TØcnico No. 

Patente de lnvenciOn 
Via Nacional F; 
Fecha de PresentaciOn Internal. 06/12/1999 

Como resultado del examen definitivo, realizado con fundamento en el artIculo 48 
de (a Decision 486 de la Cornisión de (a Cornunidad Andina, se le cornunica: 

1. Documentos estudiados 

1.1. Descriocion: Folios: _5_ a j41_ (como se radicO inicialmente) 

I .2 Reivindicaoipnes Folios W_ a _1 55_ (como se radicô inicialmente) 

Folios_349.. a _358_ (con modificaciOn) 

Ptioddaci Folios- 156_ a _245, US 
0/169090 

2 Objeto de la invención 

. 
La presente solicitud cuyo titulo es "4-PIRIDk-N-AClL-L-FENlLALANlNAS el 

objeto son los compuestos derivados de àcido (2S)-2-(benzoi lam ino)-3-[4-(2-oxo-
I ,2-dihidroplridin-3-yI)fenil]propanoico, de fOrmula: 

R, 

Utiles para el tratamiento de enfermedades cuyos sintomas y/o lesiones se 
atribuyen a la union de (a molØcula ACAM-1 con las cØlulas de expresión del VLA-
4. 



El objeto de la invención se puede clasificar sØgUn la clasificaciôn intemacional 

cornoA6lK3l/4412, 31/118. 

Las Roivindicaciones 1-49: reclaman un compuesto de ía formula: 

R6 

Reivindicación 50 rec’lama compos!ciones farmacØuticas que oontienen el 
compuesto do ía fOrmula referida. 

ReivindicaciOn 51 Se refiere a un procedimiento do fahricación do una composiciOn 
farmacØutica 

2 Determnación  del Estado de la TØcnica (art. 16 de la D 486 de la CAN) 

Item Documento Fecha de Titulo 

publicaciOn 

Dl W09943642 02-sep-1999 Phenylalanine derivatives as 
inhibitors of ALPH4 integins 

12. Ana- lisis de patentabilidad (segün requisito) (artIculo 14 D486) 

L2,1 Novedad (articulo 16 D486) 

. La anterioridad Dl enseæa derivados de acilfenil alanina de formula 1: 

Y composiciones usadas como inhibidores de integrinas ALPF4, especialmente 

en las pgs. 4 y 5; pg 12 renglón 25; pg 13 renglón 31; relvindicaciôn I y 8. Donde 

se establece que RI es un grupo heteroaromÆtico opcionaimente sustituido, el 

grupo aromÆtico es piridil, sustituido con hidroxi, que forma el tautometo ceto-enol, 



sin embargo no se estabtece plenamente los sustttuyentes tat como los 

compuestos qua ahors se reclaman an Is  solicitud an estudio, por to tanto Łsta 

� oficina puede considerar qua los compuestos son nuevos, cumpliendo con Jo 

� estipulado an at art. 16 de Is DecisiOn 486 de Is ComisOn do Is Comunidad 

� Andina. 

12.2 Nivel inventivo ’articuI618 0486) 

No se habian descrito con anticipaciOn los derivados (2S)-2-(benzoilamino)-344-

(2-oxo-1 ,2-dihidropiridin-3-yl)feniljpropanoico, con los sustituyentes qua so 

reivindican y si bien as cierto qua Is naturaleza quirnica acil fenilalanina y sus 

analogos conservan los efectos farmacologicos como inhibidores de integrinas 

ALPF4, no se deiva do manera evidente del estado de Is tØcnica qua el grupo 2-

, oxo-3-piridinhl se enlazara directamente a Is posiciOn 4-del fenilo, sin tenor an 

media afro sustituyente, to cual no so deriva evidentemente del estado do Is 

tØcnica rnÆs prOxirna. Por Jo tanto so puede docir qua Is solicitud on estudio posee 

� nivel inventivo. 

� 12.3 ApJicaciOnindustrial (’articulol9 0486) 

Los compuestos derivados do 2S)-2-(benzoilamino)-3-t4-(2-oxo-1,2-dihidropiridin-
3-yl)feniIpropanoioo do Is presente solicitud son susceptibles do Is sintesis .de los, 
an las cantidades requeridas par Is industria farmac6utica, pars producir 
medicamentos, por to tanto se considers qua tiene aplicación  industrial. 

12.4 Respecto a Is reivindicaciOn 51, referente a Un procedimiento de fabricaciôn 
de Un medicamento, no aparece sustentado an Is descripciOn ningin nuovo 
procedimiento pars Is fabricaciOn do medicamentos, quo involucre etapas, 
condiciones a cuatquiera do sus caracteristicas como procedimiento de 
fabricaciOn, quo sea un aporte at acervo tecnolOgico, por Jo tanto Is reivindicaciôn 
an referenda no as aceptada, ademÆs de ser eIproceso qua universalmente debe 
ser aplicado, pare obtener cualquier cornposiciOn quo consiste an incorporar a una 

- mezcla el componente do interØs. 

fl Conclusión: 

En consecuencia y por todo Jo expuesto anteriormente, so recomienda Conceder 
las reivindicaciones: I a 50 (folios: 349 a 358) y Negarlo pars Is reMndicaciôn 51. 

BógotÆ, D.C., enero 08 do 2008 


