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CARLOS R. OLARTE, mayor dc cdad y vecino de Bogota, identificado tal como aparece al pie de

mi firma, cn mi caracter de apodcerado de la sociedad solicitante, me permito manifestar lo siguiente

antc ¢l auto cmanado por cse Despacho, dentro del plazo legal de prérroga previsto en el articulo 45

de la Decisidn 486¢n los siguientes términos:

1. Iin primer lugar, con el dnimo de brindar mayor claridad a la materia reivindicada, me

permito presentar un Capitulo Reivindicatorio Modificado, que reemplaza en su totalidad el

Capitulo Reivindicatorio presentado ¢l 05 de enero del 2011.

Asi entonces, ¢l Capitulo Reivindicatorio Modificado adjunto contiene los siguientes cambios:
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s¢ climinaron las Reivindicaciones 2-6, 10, 11, 23, 31 y 33-40;

cn la Reivindicacion 1 se limité el sign;ﬁcado de los sustituyentes X*, R, R R, Ayn

en la nucva Reivindicacion 4 se elimind la estructura de Formula X1I;

sc limitéd cl significado de R’ en las nuevas Reivindicaciones 7 y 8, de acuerdo con las
limitaciones dc la Reivindicacion 1;

cn la nucva Reivindicacion 10 se limito el significado de R';

cn la nucva Reivindicacion 12 se incluyé una definicién de R" y L, la cual encuentra
soportc cn la Reivindicacion 1;

sc climinaron 53 compuestos de la nueva Reivindicacion 14 (antigua Reivindicacion 21), de
acucrdo con las limitaciones de la Reivindicacion 1;

cn la nueva Reivindicacion 15 (antigua Reivindicacion 22) se limité el significado de R'a
;
cn la nucva Reivindicacion 19 (antigua Reivindicacion 27) se incluyeron los compuestos 2-
(4-(isopentiloxi)-2-metilfenetil)-8-metilbenzo[f][ 1, 7]naftiridin-5-amina; y  2-(2-(4-(2-(5-
amino—S—mctillbcnzoIﬂ [1,7]naftiridin-2-il)etil)-3-metilfenoxi)etoxi)etanol, los cuaies
corresponden a los Ejemplos 161 y 148, respectivamente;

la nucva Reivindicacion 21 (antigua Reivindicacion 29) se modifico de tal manera que se
indica quc el antigeno ¢s un antigeno bacteriano, lo cual encuentra soporte en las paginas
435 a 438 del Capitulo Descriptivo y en la antigua Reivindicacion 35;

sc combinaron las antiguas Reivindicaciones 30 y 31 en la nueva Reivindicacion 22,
particularmente sc limita ¢l agente inmunorregulador a una composicién que contiene
mincralcs y una cmulsion oleosa, lo cual encuentra soporte en las paginas 435 a 438 del
Capitulo Descriptivo;

sc¢ agrcgaron las nucvas Reivindicaciones 24 y 25, las cuales reclaman compuestos

cspecificos que encuentran soporte en la nueva Reivindicacion 15.

Valga anotar quc las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad

con lo estipulado cn el Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican
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una ampliacion de la proteccién correspondiente a la divulgacion contenida en la solicitud inicial.

Istas, por ¢l contrario, corresponden a una dréstica limitacion de la materia reivindicada.

2. a- I.a IIxaminadora solicita que el titulo de la solicitud sea modificado de manera que se

climinc la referencia a los usos, la cual no es permitida.
b- I:n atencion a la antcrior objecién, me permito modificar el titulo de la siguiente
manera, la cual ha climinado los usos de los compuestos y se refiere a la materia reclamada en el

CApitulo Reivindicatorio Modificado adjunto:

“ARIL/HETEROARIL[1,7INAFTIRIDIN-5-AMINAS, ACTIVAS COMO AGONISTAS DEL

RECEPTOR TIPO TOLL-7 (TLR-7)”

a- [.a Iixaminadora scfiala que el Capitulo Reivindicatorio no es claro ni conciso por las

[05)

siguicntcs razonces:

- la Rceivindicacion 1 es demasiado amplia, abarcando un sinnimero de compuestos.
Particularmente, los significados para R*, R, A y sustituciones para A no son
CONCIsos;

- las Reivindicaciones 29 y 30 mencionan un “antigeno” y un “agente
inmunorregulador adicional”, respectivamente, los cuales no se especifican;

- la Rcivindicacion 33 estd caracterizada por el efecto inmunoestimulante que se
gencra con la administracion de una cantidad suficiente de un compuesto, lo cual no
¢s claro porque una reivindicacion de composicién debe caracterizarse por sus

componcntes y no por el efecto causado por alguna de sus partes.

b- Llamo respetuosamente la atencion de la Examinadora sobre las modificaciones introducidas

cn ¢l Capitulo Reivindicatorio Modificado adjunto, tal y como se expllican en el punto 1 del

Pagina 3 de 11



OLARTEMOURE

OLARTE MOURE & ASOCIADOS LTDA.

presente memorial. 1ispecificamente, en la Reivindicacion 1 se limitaron las definiciones de R, R’
y Aa R* = 11, R’ = «(CH,).R’ o alquilo C, sustituidos con R’y -OR®, y A = fenilo o piridilo
opcionalmente sustituidos con R”*. Adicionalmente, se limito la definicién de X*aCR’ dena2y
dec R” a un grupo dc sustituyentes reducido. Por su parte, en la nueva Reivindicacién 23 (antigila
Reivindicacion 29) el término “antigeno” fue modificado por “antigeno bacteriano”, lo cual
cncuentra soportc en las paginas 435 a 438 del Capitulo Descriptivo. Asimismo, el término
“inmunorrcgulador” fuc modificado cn la nueva Reivindicacion 22 (antiguas Reivindicaciones 30 y
31) ¢l cual sc define como “un coadyuvante seleccionado de una composicién que contiene
mineralcs y una cmulsion olecosa”, lo cual encuentra soporte en las paginas 435 a 438 del Capitulo

Descriptivo. IFinalmentc, la Reivindicacion 33 fue eliminada del Capitulo Reivindicatorio.

'Teniendo en cuenta lo anterior, considero superadas las anteriores objeciones en tanto que el
Capitulo Rcivindicatorio Modificado adjunto fue limitado conforme a las observaciones y
sugercncias rcalizadas por la I2xaminadora, cumpliendo con los requisitos de claridad establecidos
cn la Decision 486, y a la luz del Manual Andino de Patentes (MAP) y el Instrﬁclivo de la SIC,
pcermiticndo a la persona medianamente versada en la materia determinar inequivocamente el

alcancc de la matcria reclamada.

4, a- 1) I.a Examinadora scfiala que el documento de Ferraris Dana et al' (D1) afecta

la novedad de la Reivindicacion 1.

[La Examinadora argumenta que los compuestos de la Reivindicaciéon 1 fueron completamente
divulgados por D1, cspecialmente cuando en la Formula I-a de la presente invencion, X* es CH, X3

< < 3 . - . .. .
es CH=CII, X" ¢s N y A c¢s arilo. La Examinadora muestra la siguiente tabla comparativa:

''Ferraris D. ef al: “Design and synthesis of poly ADP-ribose polymerase-1 inhibitors. 2. Biological evaluation of aza-
5(11)-phenanthridin-6-ones as potent, aqueous-soluble compounds for the treatment of ischemic injuries”. Journal of
Mecdicinal Chemistry, Vol. 46, No. 14, 2003, pp. 3138-3151.
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Caracteristicas esenciales D1
NHQ NHZ
~No oy i N'«Y'&N
LA LA
,;;»\f/ ~ RNE—N \\
1 3

i1) Adicionalmente, la Examinadora sefiala que las patentes US5741909 (D2) y

W02007109813 (ID3) afectan ¢l nivel inventivo de las Reivindicaciones 1 a 40.

La Examinadora argumenta que la diferencia entre D2 y la presente invencién es que D2 divulga
compuestos dc amino-imidazo-piridinas fusionadas, mientras que la materia aqui reivindicada
comprendc compucstos del tipo amino-pirido o pirazino-piridinas fusionadas en donde se encuentra
un 4tomo de carbono adicional en el anillo de imidazol (cuando X*=N) o un 4tomo de carbono
adicional cn ¢l anillo de¢ imidazol y el intercambio de un atomo de nitrégeno por uno de carbono

(cuando X'=CH).

Respecto a D3, la Hxaminadora observa que la diferencia ente dicha anterioridad y la presente
invencién es que los compuestos del arte previo se relacionan con benzo-amino-imidazo-pirazinas
fusionadas, micntras que la materia reclamada se refiere a amino-pirido o pirazino-piridinas

fusionadas.

IZ] problecma téenico que encuentra la Examinadora es cdmo modificar los compuestos de D2 para
lograr compucstos alternativos potenciadores inmunoldgicos para el tratamiento del cancer, y
concluyec quc una persona medianamente versada en la materia podria haber resuelto dicho
problema mediante la aplicacion de las ensefianzas de los compuestos de D3, haciendo obvia la

presente invencién.

b- 1) Ein primer lugar, llamo respetuosamente la atencion de la Examinadora sobre

las limitacioncs incluidas en el Capitulo Reivindicatorio Modificado adjunto. En particular, la
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limitacion del radical R" y del radical R>. Asi, cuando se reemplaza el significado de los radicales

X3, X4 y X5 cn la Formula I-A, sc obtiene la siguiente estructura: |

)

RS\C /c\
|

A/C\N/ / "

R

NH,
A la luz dcl significado restringido del sustituyente R°, la posiciéon 3 del nucleo
benzo(f]] 1,7 naftiridina o la posicion 8 del nucleo pirido[3,2-/][1,7]naftiridina estd necesariamente
sustituida por un grupo -(CH,),R’ 0 alquilo Cy, sustituidos con R’y -OR®. Es decir, luego de las
modificaciones introducidas R’ ya no significa hidrégeno, por lo que el alcance de la materia

reclamada ya no comprende el compuesto sefialado por la Examinadora.

Iin cste punto, me permito recalcar que para fundamentar una afectacion vélida contra la novedad

dc una invencion, cl arte previo debe divulgar explicitamente todas y cada una de las caracteristicas

de la invencién.?  Asimismo, ¢l Tribunal Andino de Justicia (TAJ) ha determinado que para
cstablecer una objccién de novedad valida, la “divulgacién debe ser detallada y, en todo caso,
suficientc para que una persona dcl oficio pueda utilizar esa informacién para ejecutar o explotar la
invencion™.? Teniendo en cuenta las modificaciones realizadas, y a la luz de lo establecido el MAP

y ¢l TAJ, sc pucde concluir que la presente invencion es nueva sobre lo divulgado en D1.

i1) Ahora bicn, me permito resaltar a continuacion las caracteristicas y

cnseiianzas principales de los documentos D2 y D3 citados por la Examinadora:

- D2 divulga compuestos de nucleo 1—sustituido/2—sustituido—1H—imidazo[ 4,5-

c]-quinolin-4-aminas, activos como agentes antivirales, lo cual difiere de.los

compucstos de la presente invencién que presentan un nicleo benzo/

f‘ Manual Andino de Patentes (2004). Seccién 9.4. (disponible en http://www.comunidadandina.org/public/patentes.pdf).
* Proceso 06-1P-89 (http://intranet.comunidadandina.org/Documentos/Procesos/209-1P-2005.doc) y Proceso 36-1P-2004
(hitp://www notinct.com.co/scrverfiles/scrvicios/archivos/30jul04/ca36-04.htm)

Pégina 6 dc 11



OLARTEMOURE 2

OLARTE MOURE & ASOCIADOS LTDA.

pirido[1,7]naftiridin-5-aminas Gtiles como en ¢l tratamiento de enfermedades

o desérdenes presentados cuando la_modulacién del receptor TLR se

encuentra implicada:

Ra

|

Rs ~ /c\
|

c N
R4/ \N/ =

NH,

presente invencion

- D3 divulga compuestos del tipo imidazoquinoxalina y andlogos del mismo,

utiles como agentes inmunoterapéuticos para enfermedades proliferativas,
infecciosas, autoinmunes, alergias y/o asma, que presentan la siguiente

estructura completamente diferente a los compuestos aqui reclamados:

Tenicndo cn cuenta las diferencias estructurales que saltan a la vista, se puede concluir que nada en
D2 y D3 habria motivado a la persona medianamente versada en la materia a producir
cspecificamente benzo/ pirido[1,7]naftiridin-5-aminas, cuando dichos documentos divulgan 1-

sustituido/2-sustituido- 1 H-imidazo[4,5-c]-quinolin-4-aminas o imidazoquinoxalinas que presentan

también una actividad farmacoldgica no relacionada con los compuestos de la presente invencidn.

Iin adicion a lo anterior, me permito mostrar en la siguiente tabla los resultados del articulo anexo
de Gerster . F. et al* (ANEXO 1) desarrollado, entre otros, por dos de los autores de D2, en el cual
sc mucstra quc ¢l uso del sustituyente fenctilo en el centro de 1H-imidazo[4,5-c]quinolina reduce

las capacidades moduladoras del compuesto:

* Gerster J. ¥, er al: “Synthesis and Structurc—Activity-Relationships of 1/H-imidazo[4,5-c]quinolines That Induce
Interferon Production”. Journal of Medicinal Chemistry, vol. 48, no. 10, 2005, pp. 3481-3491
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NH,

%
NZ N\> N7 N\> N

. N
Compucsto @ \\@

imidazo[4,5-c]quinolin- imidazod[;_l;; icl]]guinohn- imidazo[4,5-

4-amina , c]quinolin-4-amina

Concentracion
cfectiva minima _
para obscrvar No hubo induccion 0.1 ug/mL 0.5 pg/mL
induccién sobre
[FN (agonista)

Con basc cn cstos resultados, junto con el hecho que D2 ensefie el uso de un sustituyente bencilo y

cn ninguna parte dc su contcnido ilustre el uso de un sustituyente fenetilo, una persona

medianamente versada en la materia no estaria motivada o guiada a utilizar un nucleo naftiridin
dicho sustituido por un grupo fenctilo, sino a lo sumo un nicleo de 1H-imidazo[4,5-c]quinolina

sustituido por un grupo bencilo con cl fin de mejorar el efecto farmacologico del compuesto.

Me permito ademas resaltar los resultados de la siguiente tabla mostrados en los articulos anexos de
Moarbess G. ot al’ y Deleuze-Masquefa C. et al® (ANEXOS 2 y 3) en los cuales se presentan las
capacidades inhibitorias de la imidazo[1,2-a]quinoxalin-4-amina y la imidazo[1,5-a]quinoxalin-4-

amina sobrc la prolifcracion de células A375:

NH NH

N)YN
NI N/
Compucsto

imidazo[1,2-a]quinoxalin-4-amina imidazo[1,5-a]quinoxalin-4-amina
(7a) en Deleuze-Masquefa C. et al (7a) en Moarbess G. et al
1Csp (uM) 2.19 > 400

5 Moarbess G. et al: “In vitro and in vivo anti-tumoral activitics of imidazo[l,2-a]quinoxaline, imidazo[l,5-
ajquinoxalinc, and pyrazolo[1,5-alquinoxalinc derivatives”. Bioorganci & Chemical Chemistry, vol. 16, 2008, pp.
6601-6610

¢ Deleuze-Masquefa C. ef al: “New imidazo[1,2-a]quinoxaline derivatives: Synthesis and in vitro activity against
human mclanoma”. IZuropcan Journal of Medicinal Chemistry, vol. 44, 2009, pp. 3406-3411
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Iin concordancia con lo argumentado anteriormente, los compuestos ilustrados presentan actividad
inhibitoria de A375, por lo quc la persona medianamente versada en la materia no podria prever

|
quc al desarrollar un nucleo benzo/piridido[1,7]naftiridin-5-amina los compuestos presentarian
actividad agonista de TLR-7. Ademés, la relacion estructural de los compuestos de dichos
articulos con los compucstos divulgados en D2 y D3 sugieren a la persona medianamente versada
cn la materia a cambiar la posicién del nitrégeno del anillo imidazol con el fin de obtener diferentes
rcspucstaé bi()légic.as a los compuestos divulgados. Por lo tanto, no resulta obvia la obtencién de
los compucstos tipo benzo/piridido[1,7naftiridin-5-aminas reclamados, a partir de las imidazo[4,5-
c]quinolin-4-aminas dc D2 y/o las imidazo|1,2-a]quinoxalin-4-aminas de D3 mas los conocimientos

gencrales citados.

Adicionalmente, ¢l articulo de Moarbess G. et al (ANEXO 2) establece que el grupo metilamina en
la posicién 4 dc la imidazo|1,2-a]quinoxalina es crucial para una alta actividad biologica del
compucsto, micntras que el articulo de Gerster J. F. et al (ANEXO 1) sugiere que las sustituciones
cn ¢l grupo amina cn posicion 4 de la imidazo[4,5-c]quinolina reducen la actividad biologica de los
compucstos. Por ende, la persona medianamente versada en la materia no encontraria en estos
articulos sugcrencia alguna de como mejorar la actividad biolégica, pues los compuestos
reclamados cn la presente invencion presentan un grupo amina sin sustituir en la posicion 5 de un

nuclco complctamente 'diferente al de D2 y D3 (benzo/pirido[1,7]naftiridina).

Adicionalmente, llamo respetuosamente la atencidn de la Examinadora sobre los resultados de ECsg

descritos cn la presente invencidn, que listo a continuacion:

- Ll Ejemplo 5 muestra resultados de ECsy de 15.8uM, 9.01uM y 0.396},LM en
los  ensayos de HEK293-TLR7, HEK293-TLR8 y IL-6hPBMC,
respectivamentce;

- cl Ejemplo 14 muestra resultados de ECsg de 37uM y‘6.38uM en ensayos de

HEK293-TLLR8 y IL-6hPBMC, respectivamente;
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- ¢l Ejemplo 15 mucstra resultados de ECsy de 24.1uM en un ensayo de
HECK293-TLR7; |

- cl Ejemplo 30 provee resultados de ECso de 8.64pM, 13uM y 2.28uM en
cnsayos de HEK293-TLR7, HEK293-TLR8 y IL-6hPBMC, respectivamente;

- ¢l Ejemplo 33 provee resultados de ECso de 2.44uM y 2.28uM en ensayos
HIEK293-TLR7 y I1.-6hPMBC, respectivamente; y

- los resultados de ECso de la estimulacion de TLR-7 y TLR-8 para ciertos

compucstos de la Formula (I) enlistados en las tablas 2 y 3, respectivamente.

Dados estos resultados, una persona medianamente versada en la material no habria esperado este

nivel de actividad bioldgica con base en las ensefianzas de D2 y D3.

1in estc punto vale la pena sefialar que, tal y como lo establece el MAP, las invenciones en el campo

dc la quimica tiecnen nivel inventivo cuando los compuestos tienen una estructura inesperada (no
derivable por la persona medianamente versada en la materia a partir del arte previo) y cuando

. . . . . . 7
presentan un efecto téenico inesperado o mejorado impredecible.

Iin conclusion, y de acuerdo con los lincamientos citados anteriormente, nada en el arte previo (D2
y 1D3) habria guiado incquivocamente a la persona medianamente versada en la materia a sintetizar
los compucstos aqui rcivindicados y mucho menos la misma persona podria esperar con alguna
cxpectativa de éxito que dichos compuestos presentaran actividad agonista sobre TLR-7, por lo qﬁe

su nivel inventivo debe ser reconocido.

6. Por todo lo anterior, considcro que las objeciones presentadas por la Examinadora en su
cxamen de fondo han sido resucltas y por consiguiente solicito respetuosamente que el Despacho

tenga por cumplidos los requisitos de patentabilidad y se proceda con la concesion de la patente.

" Ibidem. Scccion 10.8.
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Atentamente,

" CARLOS R. OLARTE
C.C. No. 79.782.747 dc Bogota

1.P.74.295

Ancxos:

Capitulo Reivindicatorio Modificado.

ANEXO 1: Gerster 1. F. et al: “Synthesis and Structure—Activity-Relationships of
1/{-imidazo[4,5-c]quinolines That Induce Interferon Production™ Journal of
Medicinal Chemistry, vol. 48, no. 10, 2005, pp. 3481-3491

ANEXO 2: Moarbess G. ef al: “In vitro and in vivo anti-tumoral activities of
imidazo[1,2-a]quinoxaline,  imidazo[l,5-a|quinoxaline, and pyrazolo[1,5-
a|quinoxaline derivatives”. Bioorganic & Chemical Chemistry, vol. 16, 2008, pp.
6601-6610

ANEXO 3: Deleuze-Masquefa C. er al: “New imidazo[l,2-a]quinoxaline
derivatives: Synthesis and in vitro activity against human melanoma”. European

Journal of Medicinal Chemistry, vol. 44, 2009, pp. 3406-3411
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Expediente No. 10-122.816
Primer Examen de Fo
Nuestra Ref.: P2010/000122

CAPITULO REIVINDICATORIO MODIFICADO

(Primer Examen de Fondo)

1. Un compucsto dc la Férmula (I-A), o una sal aceptable para uso farmacéutico:
vx4
/ Sy
XS
\XB/ = N
NH,

Férmula (I-A)
cn donde:

X3 esN; -

X" ¢s CR;

X’ ¢s -CR'=CR’-;

R3 ¢s H;

R* ¢s H; |

R cs -(CI-Iz)nR7 o alquilo C; sustituidos con R’ y —OR8;

cada 1. sc sclecciona de manera independiente de un enlace, -(O(CHy)m)e-, alquilo
C,-Cs, alquenileno C,-Cg y alquinileno C,-Cg, donde los grupos alquilo C;-C, alquenileno
C,-Ce y alquinileno Cp-Cg dc L estén, cada uno, opcionalmente sustituidos con 1 a 4
sustituyentes  scleccionados  independientemente de  haldgeno, -RS, —ORg, —N(Rg)z,
P(O)(OR®,, -OP(O)(OR®),, -P(O)(OR'?),, y -OP(O)(OR'%),;

R’ sc sclecciona entre fenilo, naftilo, heteroarilo, cicloalquilo C3-Cg 'y
heterocicloalquilo C;3-Cg, donde los grupos fenilo, naftilo, heteroarilo, cicloalquilo Cs-Cgy
heterocicloalquilo C;3-Cg de R estan, cada uno, opcionalmente sustituidos con 1 a 3 grupos
R13, y cada R'" se selecciona independientemente entre halégeno, -CN, —LR9, —LORQ,
OLRY, -LR', -LOR', -OLR', LR® -LOR® -OLR®, -LSR% -LSR', -LC(O)R’,
OLC(O)R?, -LC(O)OR®, -LC(O)R', -LOC(O)OR?, -LC(O)NR’R', -LC(O)NR’R’,
LLNRY),, -LNRR®, -LNR°R', -LC(ON(R®),, -LS(O)R®, -LS(O)R®, -LC(O)NR®OH,
ANROC(OIR®,  -INRPC(O)ORY,  -LS(0),N(R®),, -OLS(O)N(R), -LNR'S(0)R®
LC(O)NRILN(R?),, -LP(O)(ORY,, -LOP(OYOR®),, -LP(O)OR'®), y -OLP(O)(OR'%);;

cada R® se selecciona independientemente entre H, -CH(RIO)z, alquilo C;-Cs,
alqueno C,-Cg, alquino Cy-Cg, haloalquilo Ci-Cg, alcoxi Ci-Ce, heteroalquilo C;-Ce,
cicloalquilo C3-Cg, heterocicloalquilo C,-Csg, hidroxialquilo Ci-Cg, y haloalcoxi Ci-Cs,
donde los grupos alquilo C;-Cg, alqueno Cp-Cs, alquino C,-Cg, heteroalquilo Ci-Cs,
haloalquilo C;-Cs, alcoxi C-Cg, cicloalquilo C;3-Cg, heterocicloalquilo  C,-Cs,

hidroxialquilo C;-Cq4 y haloalcoxi Ci-Cg de RS estan, cada uno, opcionalmente sustituidos
y p
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con 1 a 3 sustituyentes seleccionados independientemente cntre -CN, R", -OR", —SR”,
-C(O)R", -OC(O)R", -C(ON(R”), -C(O)OR', '-N.RgC(O.)R”, ' —NRéR‘O, ‘NR'"R'%,
-N(R®),, -OR’, -OR'°, —C(O)NR”R” -C(O)NR''OH, .—S(O)levl,v -S(O)R"!] -S(0);NR''R™2,
NR'"S(0),R", -P(O)OR'Y,, y -OP(O)(OR');

cada R’ se selecciona 1ndcpcnd10ntemente entre Il (‘(O)R8 “C(O)YOR®, —(,(O)Rlo
-C(O)OR™, -S(O),R°, alquilo C;-Cs, heteroalquﬂo (,1—C(, y cicloalquilo (,3-(,6; o cada R’
es independientemente un alquilo Cl—C'sl'qﬁe juﬁto con el' N al que csta unido forman.un
heterocicloalquilo C3-Cg, en donde el anillo hctcromcloalqullo C;5-Cg  contiene
opcionalmente un heteroitomo adicional selcccmnddo entre N,Ovy 5 y dondc los g grupos
alquilo C;-Cg, heteroalquilo C;-Cg, cicloalquilo C3-Cg, 0 hetcrocmloalqullo C3-Cy de R’
estan, cada uno, opcionalrﬁente sustitﬁidéé con 1 a 3 sustituyentes' seleccionados
independientemente de -CN, R'', -OR', -SR', —C(O)R“, -OC(O)R'", -C(0)OR™,
-NR'R”,  -C(ONR''R", C(ONR''OH, " -S(O)R", -S(OR',  -S(O)NR''R™,
NR"'S(O)%R", -P(O)OR),, y -OP(O)(OR),; o ’

cada R' se selecciona independientemente entre arilo, heterocicloalquilo C3-Cg y
heteroarilo, donde los grupos arilo, .hete'rocicloalquilo C3-Cs y heteroarilo cstan
opcionalmente sustituidos con 1 a 3 sustituyentes'seleccionados entre halégenb, RE, —()Rg,
-LR®, -LOR®, -N(R%),, -NR’C(O)R®, -NR’COR?, -CO,R®, -C(O)R® y -C(OIN(R),;

R y R™ se seleccionan independientémente entre H, alquilo C;-Cg, heteroalquilo
C,-Cs, haloalquilo C]-C@, arilo, heteroarilo, ciCloalquild Cs-Csy héterocicloalquilo C3-Cg,
en donde los grupos alquilo C;-Cg, heteroalquilo” C;-Cg, ha]oalquilo C-Cg, arilo,
heteroarilo, cicloalquilo C3-Cg y heterocicloalquilo C3-Cg de R'' y RV12 cada uno esta
opcionalmente susmuldo con 1 a 3 sustituyentes scleccionados 1ndcpcndlcntcmcmc entre
halégeno, -CN, R®, -OR8 -C(O)R8 "OC(O)R, “C(O)OR}, -N(R®),, -NRC(O)R®,
NRSC(O)OR®, -C(O)N(R®),, heterocicloalquilo  Cs-Cg, -S('szR"', -S(O)N(R,,
NR*S(0),R?, haloalquilo C;-Cg y haloalcoxi C;-Cs; 0

R'" y R" son 1ndepend1enlcmcme alquilo Ci- Co, y tomddos Junto con ¢l dtomo dc N
al cual estdn unidos forman un amllo hctcrocwloalquﬂo Cs- C g opcionalmente sustituido,
que contiene opcionalmente un hctcroatomo adlclonal scleccionado de N, Oy S;

el anillo A es fenilo o pmdllo dondc los grupos fenilo y piridilo estan
opcionalmente sustituidos con 1 a 3 grupos R®, donde cada R* sc sclecciona
independientemente entre -R®, -R7, -OR’, -OR®, -R'?, -OR'®, -SR¥, -NO,, -CN, -N(R’),,
NR’C(OR,,  -NRPC(SR®, -NR°C(ON(R®),,  -NR’C(S)N(R®),,  -NR’CO.R®,
NR°NR’C(O)R?, -NR'NR’C(O)N(R%),, -NR*NR’CO,RE, -C(0)C(O)R?, -C(O)CH,C(O)R?,
-CO.RE, -(CH,),CORS, -C(O)R®, -C(S)R?, -C(OIN(R®);, -C(SN(R®);, -OC(OIN(R"),,
“OC(O)R®, -C(ON(ORYR®, -CNOR®R®, -S(0)R®, -S(0)3R®, -SON(RY),, -S(O)R?,
NRSO,N(R’),, -NR’SO,R®, -P(O)(OR®),, -OP(O)(OR®),, -P(O)OR'?),, -OP(O)OR'),,
N(OR®R?, -CH=CHCO,R?, -C(=NH)-N(R®), y -(CH2),NHC(O)R?;
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n cs, dc mancra independiente en cada aparicion, 2;
cada m sc sclecciona de manera independiente entre 1;2;3;4; 5y 6,y

tes1,2,3,4,5,6,7u8.

2. Il compuesto de acucrdo cbn la Reivindicacién 1, en donde el compuesto tiene la

cstructura de la Formula (X-A):

NH,

Formula (X-A).

3. Il compuesto de acucrdo con las Reivindicaciones 1 o 2, en donde el compuesto

tiene la estructura de la Formula (XI):

RA
R3
5
R ‘ XX
AN
R* N
NH,
Formula (XI).
4, 12l compucsto de acucrdo con cualquiera de las Reivindicaciones 1-3, en donde el
compuesto ticne la cstructura de la Formula (XIII):
RA
5
R ‘ SN AN
S =N
N
NH,
Férmula (XIII).
5. Ll compuesto de acucrdo con cualquiera de las Reivindicaciones 1-2, en donde el

compucsto ticne la cstructura de la Férmula (XIV):

NH,
Formula (XIV).
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6. El compuesto de acuerdo cdn cualquiera de las Reivhdicéoionﬁ 1-5, cn don’dc R7
se selecciona entre fenilo, naﬁild y. heteroarilo, donde los grupbs_ fenilo, naftilo y
heteroarilo de R’ cada uno est4 op'cionalm'ehtersﬁstituid() conla3 grupos R, y cada R'? se
selecciona independientemente entre halégeno, -CN, —LR‘Q, —L()Rg, —OLRg, LR 0, —LOR'O:
"OLR'®, -LR®, -LOR®, -OLR®, -LSR®, -LSR', -LC(O)R®, -OLC(O)R, -IJC(.O)ORS,
-LC(OR', -LOC(0)OR®, -LC(O)NRR', '-‘C(O)NR.9R8, -L'\I(R?)z, -LNRPRE, -INRPR'Y, .
-LC(O)N(RY),, -LS(O),R?, -LS(O)R®, -LC(O)NRPOH, -II_,N'R9C(())R8, -LNR’C(O)OR®,
-LS(O)N(R%),, -OLS(0)N(R%),, -LNR'S(O),R®, -LC(O)NR'LN(R®),, -LP(O)OR®),,
-LOP(O)(OR®),, -LP(O)(OR'?), y -()LP(O)(OR‘O);.

7. El compuesto de acuerdo con cualquiera de las Reivindicaciones 1-6, en donde R’
es fenilo opcionalmente sustituido con 1-3 grupos R, y cada R sc sclecciona

independientemente entre halégeno, haloalquilo C;-Cq, -LR®, LR?, -LOR®y -OLR®.

8. El compuesto de acuerdo con cualquiera de las Reivindicaciones 1-7, en donde el
compuesto tiene la estructura de la Férmula (XV) o la Férmula (XVI):

R34

NH,

Formula (XV)

RA

NH,

Férmula (XVI).

9. El compuesto de acuerdo con cualquiera de las Reivindicaciones 1-8, en donde R
se selecciona de -LR®, -LOR’, -OLR’, -LR'®, -LOR", -OLR", -LR®, -LOR®, -OLR?, -LSR®,
-LSR'® -LC(O)R®, -OLC(O)R®, -LC(O)OR?, -LC(O)R", -LOC(O)OR?®, -LC(ONRR',
LC(ONRR®, -LN(R%),, -LNR°R®, -LNR°R'’, -LC(O)N(R®),, -LS(O),R®, -LS(O)R®,
LLC(ONR}OH, -LNRPC(O)R®, -LNR’C(O)OR®, -LS(O%RN(R®), -OLS(0)N(R%),,
-LNR’S(O%LR®, -LC(O)NR’LN(R®),, -LP(O)(OR®),, -LOP(O)OR®),, -LP(O)OR'"), vy
-OLP(O)(OR'Y,.
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10. El compuesto de acucrdo con cualquiera de las Reivindicaciones 1-9, en donde R'?
cs fenilo o un heteroarilo, en donde los grupos fenilo y heteroarilo estan opcionalmente
sustituidos con 1 a 3 sustituyentes seleccionados entre haldgeno, R%, -OR®, -LR’, -LOR’ y

N(RY,.

N . T . 10
11. Il compuesto de acuerdo con cualquiera de las Reivindicaciones 1-10, en donde R
cs fenilo opcionalmente sustituido con 1 a 3 sustituyentes seleccionados entre haldgeno,

R¥,-OR® y -N(R?),.

12. 1l compuesto de acuerdo con cualquiera de las Reivindicaciones 1-11, en donde
cada R” sc sclecciona independientemente entre —R7, —OR7, —Rg, —ORS, —Rlo, —OR’O,
SSR®, N(RY),, -S(0)RE, -S(0)3RY, -SON(R),, -S(O)R®, -NR’SO;N(R?),, -CH=CHCO.R’,
(CH)aCORY, NRSO,RE, -P(O)(OR®),, -OP(O)(OR®),, -P(OYOR'), y -OP(O)‘(ORlo)z;
cada R" csté scleccionado independientemente entre -LR®, 7LOR8 y —LP(O)(ORg)z;
y

1. cs un cnlace 0 -(O(CHp)m)-

13. Ll compucsto de cualquicra de las Reivindicaciones 1-19, caracterizado porque R?

sc sclecciona de 1, alquilo C,-Cg y haloalquilo C;-Cs.

14. Ll compucsto de la Reivindicacion 1, seleccionado de:
2-(3-mctoxifenetil)benzo| f|[1,7]naftiridin-5-amina;
§-mctil-2-fenctilbenzo[ ][ 1 ,7]haftiridin—5—amina;
2-(2-metilfenctil)benzo(f}[ 1,7 naftiridin-5-amina;
2-(3-mectilfenetil)benzo|f][1,7naftiridin-5-amina;
2-(4-metitfenetil)benzo| f]{ 1,7|naftiridin-5-amina;
2-fenctilbenzo|f][ 1,7 |naftiridin-5-amina;
8-mctil-2-(2-(naftalen-1-il)ctil)benzo(f][1,7]naftiridin-5-amina;
8-mctil-2-(2-(naftalen-2-il)ctil)benzo[f]{1,7]naftiridin-5-amina;
acido 4-(2-(5-amino-8-metilbenzo[f][ 1,7]naftiridin-2-il)etil)benzoico;
4cido 3-(2-(S-amino-8-metilbenzo(f]|[1,7]naftiridin-2-il)etil)benzoico;
2-(3-clorofenctil)-8-metilbenzo[ f][ 1,7]naftiridin-5-amina;
2-(2-clorofenctil)-8-metilbenzo[f][ 1,7 ]naftiridin-5-amina;
(3-(2-(5-amino-8-metilbenzo|f][ 1 ,7naftiridin-2-il)etil)fenil)metanol;

- 2-(4-clorofenctil)-8-metilbenzo[f][ 1,7 naftiridin-5-amina;
2-(4-butilfenctil)benzo(f][ 1,7]naftiridin-5-amina;

2-(4-butilfenctil)-8-metilbenzo[ f][1,7]naftiridin-5-amina;
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2-(4-propilfenetil)benzo|f][1, 7Jnaﬁ1r1d1n 5 -amina;
2-(4- (trlﬂuormetll)fencul)bcn/o[fJ| 1 7Jndﬁ1rldm 5-amina; _
2-(2,5-dimetilfenetil)-8- mctllbcn/o[fjll 7]naﬁlr1dm 5 -amina;
8-metil-2-(4- prop11fenelll)ben/o[fj[1 7]naﬂ111d1n S-amina;
8-metil-2-(2,4,5- trlmctllfcnctll)benlolfj[l 7]naﬁ1r1dm 5-amina;
2-(2, 5 dlmetllfcnenl)ben/o[ijll 7]naﬁ1r1d1n 5 -amina; '
2-(4-1sopropilfenetil)-8- rneulbcn/oifj[l 7]naﬁ111d1n 5 -amina;
2-(4-heptilfenetil)-8-metilbenzo([f]| 1,7]naftiridin-5-amina;
2-(4-1sobutoxifenetil)-8- mculbcn/o[fJ[l 7Jnaﬂmdm 5 -amina; |
2-(4- ((2—metox1ctox1)metox1)fcncul) 8- meulbcn/o[f [[1,7]naftiridin-5-amina;
8-metil-2-(4-(2-fenoxietoxi)fenetil)benzo[f][ 1 v ]naﬁmdm—S—amma
8-metil-2-(4-(4- fenilbuto*(i)'fenetil)bemoI'f][ 7jnaﬁmd1n 5 -amina;
2-(4-(aliloxi)fenetil)-8- -metilbenzo[f][1,7]naftiridin- 5. -amina;
8-metil-2-(4-(3 -fen11prop0x1)fenetll)benLo[_f | [1 ,7]naftiridin-5-amina;
2-(4-(heptan-4-iloxi)fenetil)-8-metilbenzo|[f][ 1,7]naftiridin-5-amina;
8—metil—2—(4—(4—rﬁetilpent—3-eniloxi‘)fenetﬂ)benzo [£1[1,7] naﬁiridin—S—amina;
2—(4—(2-ciclohexiletoxi)fenetil)—8—metilbenzo[f_][1,7]r1aﬁiridin—5—émina;
2-(4-1sopropoxifenetil)-8- metilben7o[fj[] ,7]naftiridin-5-amina;
2-(4-(3,3-dimetilbutoxi)fenetil)-8- metﬂben/o[f I[1, 7]naf11r1d1n 5-amina;
8-(2-ciclopropiletil)-2-(4- (dlmculammo)fcnctll)bcn/o|f |[1,7]naftiridin-5-amina;
8-(2-ciclopropiletil)-2-(2,4-dimetilfenetil)benzo|f][ 1,7 naftiridin-5-amina;
N-(4-(2-(5-amino-8-metilbenzo[{f] [1 ,7]naﬁ.iri.din—2—i])‘etil')feniljacctamida;
N-(4-(2-(5-aminobenzo|f][1,7]naftiridin-2-il)etil)fenil)acetamida;
N—(4—(2—(5—amino—S—ﬁletilbcnzo[fJ [1 ,7]naﬁiridin—2—il)ctil)fenil)—4—
metilbencenosulfonamida; -
4-(2-(5-amino-8-metilbenzo[ ][ 1, 7naftiridin-2-il)etil)-3-meiilbénzonitrilo:
4-(2-(5-amino-8- me‘ulbcn/olf][l 7]naﬁlr1d1n 2 -1 )ctll) N- (2 -aminoeti ) 3-
metilbenzamida; ' ' '
8-metil-2-(2-metil-4-(1 H-tetrazol-5-il)fenetil)benzo[f][ 1,7 ]naftiridin-5-amina;
metil 2—(4—(2—(5-amino—S—rﬁetilbenio[fj[1’,7]naﬂiridin—Q—il)etil)-3—metilbcnxamido)—
4-metilpentanoato;
metil-2-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-3-
metilbenzamido)acetato;
acido 2-(4-(2-(5-amino-8-metilbenzo[{][1,7]naftiridin-2-il)ectil)-3-mctilbenzamido)-
4-metilpentanoico;
acido 2-(4-(2-(5-amino-8-metilbenzo|f][1,7|naftiridin-2-1l)etil)-3-
metilbenzamido)acético;

etil 2-(4-(2-(5-amino-8-metilbenzo{f][1,7naftiridin-2-1l)ctil)-3-metitfenoxi)acctato;
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4cido 2-(4-(2-(5-amino-8-mectilbenzo[f][1,7]naftiridin-2-il)etil)-3- '

metilfenoxi)acético;
acido 3-(4-(2-(5-amino-8-metilbenzo[f][1,7|naftiridin-2-il)etil)-3-
mectilfenoxi)propanoico; _ _
acido 6-(4-(2-(5-amino-8-metilbenzo[f][ 1,7 naftiridin-2-il)etil)-3-
mectilfenoxi)hexanoico;
8-metil-2-(2-metil-4-(metiltio)fenetil)benzo[f][1,7]naftiridin-5-amina;
8-metil-2-(4-(mectilsulfonil)fenctil)benzo[f][ 1, 7]naftiridin-5-amina;
2-(4-(hexiloxi)fenetil)-8-metilbenzo(f][1,7]naftiridin-5-amina;
8-mctil-2-(4-fenctoxifenetil)benzo[f][ 1, 7]naftiridin-5-amina;
8-mctil-2-(4-(pentiloxi)fenetil)benzo[f][1,7]naftiridin-5-amina;
8-metil-2-(4-(4-metilpentiloxi)fenetil)benzo[f][ 1,7]naftiridin-5-amina;
2-(2-fluorfenctil)benzo[ ][ 1,7]naftiridin-5-amina;
2-(3-fluorfenetil)benzo[ ][ 1,7|naftiridin-5-amina;
2-(4—ﬂuorfcnctil)bcnzoI:ﬂ [1,7|naftiridin-5-amina; -
2-(2-(tiofen-3-il)ctil)benzo[f][1,7]naftiridin-5-amina,
2-(3 ,4-dimctilfcnetil)bcnio [f][1,7naftiridin-5-amina;
2-(3,4-dimetilfenetil)-8-metilbenzo[f][ 1,7]naftiridin-5-amina;
2-(3 ,S—dixﬁcti Ifenctil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
2-(2-(benzofuran-5-il)etil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
2-(5-amino-8-metilbenzo|f][1,7]naftiridin-2-il)-1-feniletanol;
2-(5-amino-8-metilbenzo[f][ 1,7]naftiridin-2-il)-1 -(4-metoxifenil)etanol;
2-(2-(2,6-dimectilpiridin-3-il)etil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
2-(2-(5-mctoxipiridin-2-il)ctil)-8-metilbenzo(f]{1,7|naftiridin-5-amina;
acido 3-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)fenil)propanoico;
5-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-4-metilpiridin-2(1H)-ona;
6-(2-(5-amino-8-metilbenzo[f][ 1,7 naftiridin-2-il)etil)piridin-3-ol;
8-mctil-2-(4-(trifluormetoxi)fenetil)benzo[f][ 1,7]naftiridin-5-amina;
2-(2-(2,3-dihidro-1H-inden-5-il)etil)-8-metilbenzo[f][ 1 ,7Inaftiridin-5-amina;
2-(2-(2,3-dihidro-1H-inden-5-il)ctil)benzo[f][1,7]naftiridin-5-amina;
acido (E)-3-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-3-
mctilfenil)acrilico;
(1)-ctil 3-(5-amino-2-(4-mctoxi-2-metilfenetil)benzo[f][1,7]naftiridin-8-il)acrilato;
(] i)—8-(2-ciclopropilvini1)—2-fcnetilbenzo[f_] [1,7]naftiridin-5-amina;
8-(2-ciclopropiletil)-2-fenetilbenzo[f][1,7]naftiridin-5-amina;
(5—amino-2-fcncﬁlbenzolif‘l [1,7]naftiridin-8-il)metanol; ‘ T
(5-amino-2—(4-mctoxi-2-métilfenetil)benio [f][1,7]naftiridin-8-il)metanol;

3-(2-(5-aminobenzo|f]| 1 ,7]naﬁiridin-2-i1)eﬁl)fenol;
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2-(2-metoxifenetﬂ)benzo [f][1 ,7]naftiridin—5 —anﬁina;
2-(4-ctilfenctil)benzo|[f][1,7] naﬁiridin—S—amina; |
2-(4-ctilfenetil)-8-metilbenzo[f][ 1 ,7]naftiridin—5—amina;'
2—(4—(dimetilamino)fcﬁetil)Benz'o[ffj [1, 7]naﬁiridin -5- amina'
2-(4—(piperidin-l-il)fenetil)bemo[ f][1, 7]naﬁ1r1d1n S-amina;
2-(4-ter-butilfenetil)-8- mchlbenm[fj[l 7]naf‘und1n -5-amina;
8-meul-2—(4—(p1per1d1n—1 -1 cnetll)benzol_f_ [[1 ,7_]11af11r1d_m-5—amina;
2-(4-metoxifenetil)-8- metilbemo[‘fj[l 7]néftiridin 5 amina;
2-(3,5-dimetoxifenetil)-8- mculbcnzo[ 1, 7]naﬁlr1d1n S-amina;
8—met1l—2—(2—(trlﬂuormenl)feneul)benzo [f][1 ,_7]naﬁ'1r1dm—5 -amina;
4-(2-(5 -amino—8—hletilbenzo [f]['1 ,7]naﬁiridih—2-i1)etil)—N—.hi droxibencimidamida;
4-(2-(5-amino-8-metilbenzo[f][1 ,7]na‘ﬁ'iridin—2—il)etil)bcnzonitri10;
8-metil-2-(4-(1 —morfolinoetil)fenetii)benzo [f] i'l ;7'] naftiridin-5 —alhilla;
2-(4-aminofenetil)-8- mctllben/o[fj[l 7]naftiridin-5- dmmd
1-(4-(2-(5-amino-8- meulbano[fJ[l 7]naﬂ1r1dm 2- 1l)ctll)icn11)g,uan1dma
8-metil-2-(4-(1-(fenetilamino)etil)fenetil)benzo[f][1,7naftiridin- -5-amina;
2-(4-(2-(5-amino-8- mehlbcnzo[f][l 7]naf11r1d1n 22- 11)ctll)fcn11)acctomu110
2-(4-(piperidin-1 -1lmetll)fenet11)benzo [f][1 ,7]naﬁmd1n—5—amma;
1 —(4—(2-(5-aminoben20[fj [1 ,7]naﬁiridin—2—‘il)etil)bénci.l)piperidin—4—ol;
2—(4—(aminometil)feneti’l)benzo [f][1 ,7]naﬁiridin—5—amina;
2-(4-((eti1amino)meti‘l)fenetil)benzo [fI[1 ,7]naﬁ‘iridiﬁ—5 —émina;
2-(4-(2-aminopropan—?,-ivl)fenetil)benzo [f][1 7]naﬁiridin-.5-amina'
acido 1-(1-(4-(2-(5- ammobcn/o[fjll 7]naﬁ1r1dm -2- 11)ctll)fcml)c,11 )plrro idina-3-
carboxilico; ' A
8-metil-2-(4-(1 (fcmlammo)cul)fcneul)benm[fj[1 7Jnaﬁ1r1dm S-amina;
8-metil-2- propllben/o[fjll 7]naﬁ1r1d1n -5-amina; N
2-(2-(1H-indol-5- 1I)et11) 8- mctllbenio[f][l 7]naﬁ1r1dm 5 amma '
2-(4-etoxifenetil)-8- mehlbcn7o[fj|1 7]naﬁ1r1dm 5-amina; '
8-metll—2—(4—fenox1fenetll)benzo [f][1,7]naftiridin-5-amina;
2—(2,4-dimetilfenetil)benzo [f][1 ,7]haﬁi}idin—.5—amina';
2-(2,4-dimetilfenetil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
2-(4-metoxi-2-metilfenetil)-8-metilbenzo|f][1,7|naftiridin-5-amina;
4-(2-(5-amino-8-metilbenzo|f][1,7]naftiridin-2-il)etil)-3-metilfcnol;
2-(2-(2,3-dihidrobenzofuran-5-il)etil)-8-metilbenzo|f]| 1,7 ]naftiridin-5-amina;
2-(5-amino-8-metilbenzo[f][ 1,7 |naftiridin-2-il)-1-(2,4-dimetilfenil)etanol;
2—(2—(6—metoxi—4;n1etilpi1'idin-3 -1Detil)-8-metilbenzo|f}| 1,7 ]naftiridin-5-amina;
4-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)ctil) fenil)butan-1-ol;
metil 3-(4-(2-(5-amino-8-metilbenzo[f][1,7naftiridin-2-il)ctil)fenil)propanoato;
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3-(4-(2-(5-amino-8-mctilbenzol[f][ 1,7]naftiridin-2-il)etil)fenil)propan-1-ol;

4-(4—(2'—(5—a'1'ﬁi1'10—8--mcti]bcnzo[fj[1 ,7]naftiridin-2-il)etil)fenil)-2-metilbutan-2-ol;

2-(4—(5minomctil)fcncti1)-8—mctilbenzo [f][1,7]naftiridin-5-amina;

(E)-ctil 3-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-3-
mectilfenil)acrilato;

ctil 3-(4-(2-(5-amino-8-mctilbenzo[f][ 1 ,7]naﬂifidin-2—il)etil)-3—
metilfenil)propanoato;

2-(4-(2-(5-amino-8-mctilbenzo|f][ 1,7]naftiridin-2-il)etil)-3-metilbencil)propano-
1,3-diol;

acido 3—(4-(2—(5—amino-8-metilbcnzo.[fj [1,7]naftiridin-2-il)etil)-3-
metilfenil)propanoico;

S-amino-2-(4-metoxi-2-metilfcnetil)benzo[f][1,7|naftiridina-8-carbaldehido;

ctil 4-(2-(5-amino-8-mctilbenzo[f][1,7]naftiridin-2-il)etil)benzoato;

8—mcti1-2-(4—111cti1fencti1)bcxlzo[’f] [1,7]naftiridin-5-amina;

2-(4-(2-(5-amino-8-metilbenzo|f][ 1,7]naftiridin-2-il)etil)fenil)propan-2-ol;

(4-(2-(5-amino-8-metilbenzo[f][ 1,7]naftiridin-2-il)etil)fenil)metanol;

ctil 4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-3-metilbenzoato;

4cido 4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-3-metilbenzoico;

(4-(2-(5-amino-8-metilbenzo[f][ 1, 7]naftiridin-2-il)etil)-3-metilfenil)metanol;

8-metil-2-(2,4,6-trimetilfenetil)benzo[f][ 1,7 ]naftiridin-5-amina;

2-(4-(2-(5-amino-8-metilbenzo| f][1,7]naftiridin-2-il)etil)-3-metilfenil)propan-2-ol;

8-mectil-2-(4-propoxifenctil)benzo[f][1,7]naftiridin-5-amina;

acido (I3)-3-(5-amino-2-(4-metoxi-2-metilfenetil)benzo[f][ 1,7]naftiridin-8-
i)acrilico;

ctil 3-(5-amino-2-(4-metoxi-2-metilfenctil)benzof][1,7]naftiridin-8-il)propanoato;

acido 3-(5-amino-2-(4-metoxi-2-metilfenetil)benzo[f][1,7]naftiridin-8-
il)propanoico;

3-(5-amino-2-(4-metoxi-2-metilfenetil)benzo[f|[ 1,7 naftiridin-8-il)propan-1-ol;

(5-amino-2-(4-metoxifenetil)benzo[f][ 1 ,7]naftiridin-8-il)metanol;

8-fenctilbenzo[f][ 1,7 naftiridin-5-amina;

(5-amino-2-(4-bromofcnetil)benzo[f]{1,7]naftiridin-8-il)metanol;

2-(4-mctoxi-2-metilfenetil)-8-pentilbenzo(f][ 1,7]naftiridin-5-amina;

8—(2—ciclopropilctil)—2—(4-metoxi—2—metilfenetil)bcnzo[f_][1,7]naftiridin—5-amina;

(5-amino-2-(2,4,6-trimetilfenctil)benzo[f][ 1,7]naftiridin-8-il)metanol;

(5—a_mino-2-(4—propoxifcnetil)bcnzo[ﬂ[1,7]naftiridin-8—i1)metanol;

(2-(2-(11 Ifindol-S-il)et,il)-S-aminobenzo[f][1 ,7|naftiridin-8-il)metanol;

mctil 4-(2-(5-amino-8-metilbenzo[f][1 ,7]naﬂiridin—2-il)ctil)—3-metilbenzoatb;

4-(2-(5-amino-8-metilbenzo[f]]1 ,7|naftiridin-2-il)etil)-N,3-dimetilbenzamida;
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N-(2- acetamldocul) 4-(2-(5-amino- 8 mculbcn/o[f“l 7]naﬁlr1d1n 2 11)011 )- 3.
meulbemamlda |

4-(2-(5-amino- 8- mc‘ulbcnlolfjll 7Jna111r1d1n 2- 11)ct11) N- -(2- (d1mculam1no)ctll) -N,3-
dime‘ulben?armdd

2-(4-metoxifenetil)benzo|f] [1 ,7]nafti}idin-5 -amina,

2—(4—metoxi—2—metilfenetil)benzp [f][1,7]naftiridin-5-amina;

4-(2-(5-amino-8-metilbenzo[f][1, 7‘]naftiridin—2—il>)eti' -3 ‘—meﬁlbcn}an‘ﬁda'

4-(2- (5 -amino-8- mctllbcn/olf][] ,7|naftiridin-2- ihetil)-N,N,3-trimetilbenzamida;

4-(2-(5-amino-8- mculbcn/olfﬂl 7Jnaﬁ1r1d1n -2-il)etil)-N- (2 -hidroxietil)-3-
met11benzam1da

4-(2-(5-amino-8- mchlbcnzolf[[l Tnaftiridin-2- 11)011 )- N—(Z{dinaélilaminb)eti]).—b3-
mculbenzarnlda

(4-(2- (5-amino-8- melllbcn/o[fjll 7]naﬁmdm 2-iDetil)-3-metilfenil )(pmohdm 1-
il)metanona;

4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-1l)ctil)- -N- -(2- (dlCtl amino)ctil)-3-
metilbenzamida;

(4-(2-(5-amino-8§- mctllbcnlo[f][l 7]naﬁmdm -2- 11)0111) 3-metil fcm )(4 ctilpiperazin-
1-1)metanona;

(4-(2-(5-amino-8- meulbcrvo[fj[l 7]naft1r1d1n 2 11)0111) 3-metilfenil )(plpma/m 1-
il)metanona;

4-(2-(5-amino-8-metilbenzolf][1, 7]naﬁ1r1d1n 2 1)etil ) 3- mcul?\T (2 (pnrohdm 1-
il)etil)benzamida; ’

4 -(2-(5- arnmobcnzo[ﬂ[l 7]naftiridin-2- 11)0111)—\1 (2 (dlmotllammo)cul) N,3-
dlmetllbenzamlda '

4-(2-(5-amino-8-metilbenzo|f][1 7]naﬂ1r1dm 2 1l)ct11) -N- (2 (dlmctlldmmo)cul) -N-
metilbenzamida; '

2-(4-(2-(5-aminobenzo| f]{ 1 7Jnaﬁ111d1n -2~ 11)0111) 3- mdl feml)propan 2- 01

2-(4-butoxifenetil)-8-metilbenzo|f][ 1, 7]naﬁ1r1d1n S-amina;

2-(2-(bifenil-4-il)etil)-8-metilbenzo[f][1,7]naftiridin-5-amina;

8—metil-2—(4—(2—metilaliloxi)fenetiijbenzo[f_ I[1,7]naftiridin-5-amina;

2-(4-(isopentiloxi)fenetil)-8-metilbenzo[f][1,7]naftiridin-5-amina;

4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-1l)etil)fenil propil carbonato;

etil 5-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-iDetil)fenoxi)pentanoato;

2-(4-(ciclopentiloxi)fenetil)-8-metilbenzo[f][ 1,7 |naftiridin-5-amina;

2-(4-(ciclobutilmetoxi)fenetil)-8-metilbenzo|f][ 1,7 |naftiridin-5-amina;

8-metil-2-(4-(2-morfolinoetoxi)fenetil)benzo| f][ 1,7 ]naftiridin-5-amina;

2—(4—(2—(5—amino-8-meti,lbenzo[:ﬂ[1 ,7]naftiridin-2-1l)etil)fenoxi)-1-fenilctanona;

acido 5-(4-(2-(5-amino-8-metilbenzol[f][1,7]naftiridin-2-il)etil)fenoxi)pentanoico;
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2-(4-(2-(5-amino-8-metilbenzo[f][1 ,7Inaftiridin-2-il)etil)fenoxi)etanol; \
2-(4-(2-(5-amino-8-mctilbenzoff|{1 ,7]naftiridin-2-il)etil)fenoxi)-N,N- i
dimetilacctamida; '
8-mcti 1-2—(2-mctil—4~(2—morfolinoetoxi)fenetil)benzo [f][1,7]naftiridin-5-amina;
2-(2-(4-(2-(5-amino-8-metilbenzo|f][1,7]naftiridin-2-il)etil)-3-
mectilfenoxi)ctoxi)etanol;
dictil 3-(4-(2-(5-amino-8-metilbenzo[f][1,7]|naftiridin-2-il)etil)-3-
mectilfenoxi)propilfosfonato;
4cido 3-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-3-
metilfenoxi)propilfosfonico; '
2-(4-butoxi-2-metilfenctil)-8-metilbenzo[f][ 1,7]naftiridin-5-amina;
2-(4-(2-(5-aminobenzo|f][ 1,7]naftiridin-2-il)etil)-3-metilfenoxi)etanol;
2-(2-(4-(2-(5-aminobenzo|f][1 ,7|naftiridin-2-il)etil)-3-metilfenoxi)etoxi)etanol;
ctil 5-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)-3-
mctilfenoxi)pentanoato; :
acido 5-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)ctil)-3-
mectilfenoxi)pentanoico;
2-(4-(2-(5-amino-8-metilbenzo[f][ 1,7]naftiridin-2-il)etil)-3-metilfenoxi)etanol;
4-(2-(5-amino-8-mctilbenzo(f]] 1,7]naftiridin-2-il)etil)fenil etil carbonato;
metil 4-(4-(2-(5-amino-8-metilbenzo[f][1,7|naftiridin-2-il)etil)fenoxi)butanoato;
acido 4-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)fenoxi)butanoico;
acido 4-(4-(2-(5-amino-8-mctilbenzo[f|[1,7|naftiridin-2-il)etil)-3-
mectilfenoxi)butanoico;
2-(4-(isopentiloxi)-2-metilfenetil)-8-metilbenzo[ f][ 1,7]naftiridin-5-amina;
4-(2-(5-amino-8-metilbenzo| ][ 1,7]naftiridin-2-il)etil)fenil hexil carbonato;
2-(2,4,6-trimetilfenetil)benzol[ ][ 1,7]naftiridin-5-amina;
(5-amino-2-(2,4-dimetilfenctil)benzo[f][1,7|naftiridin-8-il)metanol;
dictil 3-(2-(4-(2-(5-amino-8-metilbenzo|f][ 1,7]naftiridin-2-il)etil)-3-
metilfenoxi)ctoxi)propilfosfonato;
dictil 3-(2-(2-(4-(2-(5-amino-8-metilbenzo[f][ 1,7 naftiridin-2-il)etil)-3-
mctilfenoxi)ctoxi)ctoxi)propilfosfonato;
4-(2-(5-amino-8-metilbenzo[f][ 1,7]naftiridin-2-il)etil)-3-metilfenil
dimectilsulfamato;
(S-amino—Z-(4—(dimetilalnino)fenétil)benzo[f |[1,7]naftiridin-8-il)metanol;
2-(4-(dimctilamino)fcnetil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
4-(2-(5-amino-8-metilbenzo[f]{ 1,7]naftiridin-2-il)etil)fenol; . |
1-(4-(2-(5-amino-8-mctilbenzo[f}[1,7]naftiridin-2-il)etil)fenil)etanona; |

2-(4-((dimetilamino)metil)fenetil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
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2-(4-(1 —(dimetilamino)etil)fénetil)—8—metilben7,_o [T][1,7]naftiridin-5-amina;
1-(4—(2-(5-amino—8—metilbénzo [£][1 ,7]naﬁiridin-24i1)etil)fenil)etaﬁona oxima;
8—meti1-2—(4—((metilainino)metil)fenetil)benzo [f][1 ,7:]néﬁiridin-5 —émina;
(4-(2-(5-amino-8-metilbenzol[f][1 ,7]naﬁiridin-2-il)etil)benéilahlino)é'tanol ;
8-metil-2-(4-(pirrolidin-1-ilmetil)fenetil)benzo[f] U ,7Inaftiridin-5-amina;
2-(3,4-dimetoxifenetil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
2-(1-(4-(2-(5-amino-8-metilbenzo[f]| 1 ,7]naﬁiridih—2—i1)etil)fenil)etilamino)etanol;
1-(4-(2-(5-amino-8-metilbenzo|f]{1 ,7naftiridin-2-il)etil)fenil)etanol;
8-metil-2-(4-(oxazol-5-il)fenetil)benzo[f][ 1 ,7]ha‘ﬁiridin-5—amina;
3-(1-(4-(2-(5-amino-8-metilbenzo|f][1,7]naftiridin-2-
iD)etil)fenil)etilamino)propanonitrilo;
(2R)-2-(1 —(4—(2—(5—amino-S—metilbenzob[fJ [1 ,7;]na'ﬁ'iridi'n—2—
il)etil)fenil)etilalnino)prbpan— 1-0l;
8-metil-2-(4-(1-(piperazin-1 —il)etil)fenetil)benio [f][1,7]naftiridin-5-amina;
((2S)-1-(1-(4-(2-(5-amino-8-metilbenzol[f]|[ 1,7]naftiridin-2-
il)etil)fenil)etil)pirfblidin—2—il)metanol; 7
N'-(1-(4-(2-(5-amino-8-metilbenzo|f][ 1,7]naftiridin-2-il)etil)fenilctil)-N? N2
dimetiletano-1,2-diamina; '
acido 3-(1-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-
iDetil)fenil)etilamino)propanoico;
8-metil-2-(4-(1-(4-metilpiperazin-1-il)etil)fenetil)benzo |':fj [1 ,7]naﬁiffdin—54ar'ni'na;
N2-(1-(4-(2-(5-amino-8-metilbenzo|f][ 1,7]naftiridin-2-il)etil)fenil)etil)-N' N '-
dimetilpropano-1,2-diamina;
8—meﬁl—2—(4—( 1 -(2—(piridin—4;il)etilamino)etil)fenetil)benzo [f]11,7naftiridin-5-
amina;
N'-(1-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)etil)feniletil)-N* N2
dietiletano-1,2-diamina;
2-(4-(dimetilamino)-2-metilfenetil)-8-metilbenzo[{][1,7]naftiridin-5-amina;
acido 1-(1-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-
i)etil)fenil)etil)pirrolidina-3-carboxilico;
4-(1-(4-(2-(5-amino-8-metilbenzo[f][1,7]naftiridin-2-il)ctil)fenil)ctilamino)fenol;
1-(1-(4-(2-(5-amino-8-metilbenzo| f][1,7]naftiridin-2 il)etil)fenil)ctil)pirrolidin-3-ol;

2-(4-(2-aminopropan-2-il)fenetil)-8-metilbenzo[{][ 1,7 naftiridin-5-amina.

15.  Un compuesto de la féormula (XVI):
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_ (XVI)
en donde R’ és H, y cada RA y R'3 se selecciona independientemente entre H, -CHj,
-CILCH;, -CF;, -CH,0H, -OCH;, -COOCH;, -COOCH,CH3, F, Cl, Br, -CH,OCHj,
CHOCIHLCH3,  -N(CHz)y,  -((O(CH2))4OH,  -O(CHyz)24-OH,  -O(CHz)pu-(POsH),
-O(Cl13)24-COOH, -O(CHy)24-CH(CH3),, élquilo C,-Cs¢ sustituido con 1-3 sustituyentesi
seleccionados entre -OH, -CHs, ciclopropilo, -O(CHa)24-COOH, -O(CH;)24(POsH»),

-COOH, COOCIll;, y -COOCI,CHj;

o una sal farmacéuticamente aceptable del mismo.

16. I:l compuesto de acucrdo con la Reivindicacion 15, en donde el compuesto esta

I I
sustituido con uno a tres grupos R 3

17.  El compucsto dc acucrdo con cualquiera de la Reivindicacion 15 o Reivindicacion

16, cn dondc R*¢cs 11 o -CHs.

18. I:] compucsto de acuerdo con cualquiera de las Reivindicaciones 15-17, que tiene
dos grupos R'3 scleccionados del grupo que consiste de -CHj, -CH,CH3, -CF3, -CH,OH,
-OCl1;, -COOCI;, -COOCILCH; F, ClI, Br, -CH,OCH;, CH,OCH,CHj3, -N(CHs)y,
“((O(CH2)2)240H, -O(CH)y4-OH, -O(CHy)2.4-(PO3H,), -O(CHz),4-COOH, -O(CHz)z4*
CH(CHj3),, alquilo C,-Cg sustituido con 1-3 sustituyentes seleccionados entre -OH, -CHj,
ciclopropilo, -O(CHy)2.4-COOH, -O(CH,),4(POsHy), -COOH, COOCH;, y -COOCH,CHs.
19. El compuesto de acuerdo con la Reivindicaciéon 15 seleccionado entre:
2-(4-(2-(5-amino-8-metilbenzo[f][ 1,7]naftiridin-2-il)etil)-3-metilfenil)propan-2-ol;
2-(4-mctoxi-2-metilfenctil)-8-metilbenzo[f][1,7]naftiridin-5-amina; ;
2-(2,4-dimetilfenetil)benzo[f][1,7]naftiridin-5-amina; ’
ctil 4-(2-(5-amino-8-metilbenzo[f][1,7naftiridin-2-il)etil)-3-metilbenzoato;
2-(4-(dimetilamino)fenctil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
2-(4-metoxifenctil)-8-metilbenzo[f][1,7]naftiridin-5-amina;
2-(4-(isopentiloxi)-2-metilfenetil)-8-metilbenzo[f][ 1, 7]naftiridin-5-amina; y
2-(2-(4-(2-(5-amino-8-metilbenzo[f][ 1;7]naftiridin-2-il)etil)-3-

metilfenoxi)ctoxi)etanol.
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20.  Una composicién farmacéutica que comprende un compuesto de acuerdo con

cualquiera de las Reivindicaciones 1-19 y un vehiculo farmacéuticamente aceptable.

21.  Una composicion farmacéutica que comprende un compuesto de acucrdo con
cualquiera de las Reivindicaciones 1-19, un antigeno bacteriano y un vehiculo

farmacéuticamente aceptable.

22.  La composicion farmacéutica de acuerdo con la Reivindicacion 21, cn.donde la
composicion farmacéutica comprende ademdas un agente inmunorrcgulador adicional,
donde el agente inmunorregulador adicional es un coadyuvante scleccionado de una

composicion que contiene minerales y una emulsion oleosa.

23.  La composicion farmacéutica de acuerdo con la Rcivindicacion 22, caracterizada

porque el coadyuvante es una emulsion oleosa.

24.  El compuesto de acuerdo con la Reivindicacion 15, en dondc
R es -R® 0 (CH,),CO,R®;
cada R" es seleccionado independientemente entre -LR®, -LOR® y —LP(())(ORX)Z; y
L es un enlace o ~(O(CHy)m)i- |

25. El compuesto de acuerdo con la Reivindicacién 24, en donde R® cs H o alquilo C;-

Ce.
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Synthesis and Structure—Activity-Relationships of 1H-Imidazol4,5-clquinolines

That Induce Interferon Production

John F. Gerster,” Kyle J. Lindstrom,’ Richard L. Miller,*T Mark A. Tomai,” Woubalem Birmachu,"
Shannon N. Bomersine," Shiela J. Gibson,” Linda M. Imbertson,’ Joel R. Jacobson,” Roy T. Knafla,'
Peter V. Maye,! Nickolas Nikolaides, Folakemi Y. Oneyemi,’ Gwen J. Parkhurst,’ Sharon E. Pecore,’

s

Michael J. Reiter,” Lisa S. Scribner,’

Tracy L. Testerman,’ Natalie J. Thompson,’ Tammy L. Wagner,’

Charles E. Weeks.? Jean-Denis Andre,? Daniel Lagain,? Yvon Bastard,! and Michel Lupu?

3M Pharmaceuticals. 3M Center, Building 270-45-02, St. Paul, Minnesota 55144-1000, and 3M Santé,

Avenue du 11 Novembre, 45300 Pithiviers Cedex, France

Received Septenber 29, 2004

1H-Tmidazo-[4,5-c]quinolines were prepared while investigating novel nucleoside analogues
as potential antiviral agents. While these compounds showed no direct antiviral activity when
tested in a number of cell culture systems, some demonstrated potent inhibition of virus lesion
development in an intravaginal guinea pig herpes simplex virus-2 assay. We have determined
that the in vivo antiviral activity can be attributed to the ability of these molecules to induce
the production of eytokines, especially interferon (IFN), in this model. Subsequently, we found
that the compounds also induce in vitro production of IFN in human peripheral blood
mononuclear cells (hPBMCs). The in vitro results reported herein and the in vivo results
reported previously led to the discovery of imiquimod, 26, which was developed as a topical
agent and has been approved for the treatment of genital warts, actinic keratosis, and superficial

basal cell carcinoma.

Introduction

Since the discovery of interferon (IFN) in 1957! and
its potential for the treatment of viral infections and
cancer, there has been a search for small-molecule
inducers of this cytokine. A number of compounds that
induce IFN in mice have been identified, but few are
active in human cells.2 While working on potential anti-
herpes agents, we discovered a series of 1H-imidazo-
{4,5-clquinolines that induce IFN, as well as other
cytokines, in mice, rats, guinea pigs, monkeys, and
humans.34

At the initiation of this work it was known that (S)-
2,3-dihydroxypropyladenine ((S)-DHPA) (Figure 1) ex-
hibits weak antiviral activity in an in vitro herpes
simplex virus-1 (HSV-1) assay with a minimum inhibi-
tory concentration (MIC) of 10—20 wg/mL.% Our initial
efforts targeted the synthesis of 3-deazaadenine ana-
logues as potential antiviral agents. Our approach was
to modify the adenine ring by preparing a 3-deazaad-
enine with a benzene ring fused across the 2 and 3
positions to give the 1H-imidazol4,5-c]quinocline ring
system (Figure 1). On the basis of the reported activity
of (S)-DHPA, we had hoped that compound 1 would give
similar results; however, it was found to be inactive. On
the other hand, the methyl analogue 2 did exhibit weak
in vitro antiviral activity and cytotoxicity at the same
concentration (MIC = 5 mg/mlL). Compound 2 was

* To whom correspondence should be addressed. Phone: 651-733-
8626. Fax: 651-733-5096. E-mail: rimillerl@mmm.com.

' 3M Pharmaceuticals.

+ 3M Santé.

10.1021/jm049211v CCC: $30.25

NH, NH,
N

Ty Y

N N XN

NTOH H

Adenine 3-Deazaadenine
NH, NH,

N
VY R
NS N

1 R = CH,CH(OR)CH,0H
2 R=CH,

Figure 1.

further evaluated in an in vivo intravaginal guinea pig
HSV-2 infection model and was found to prevent lesion
development. Additional analogues were synthesized
and many continued to show in vivo anti-HSV-2 activity
in the guinea pig model but did not exhibit in vitro
activity against HSV-1.% These surprising results led to
the discovery that the active compounds were potent
inducers of IFN and other cytokines, thus explaining

the in vivo activity. At this point, we abandoned the:
search for in vitro antiviral activity and instead focused:
on preparing compounds that induced IFN production,

in an in vitro assay using human peripheral blood

mononuclear cells (WPBMCs).” Herein, we report on the.

initial synthetic efforts of this novel series of immune

© 2005 American Chemical Society
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NH, NH,
« | N> “« | N>“R2
R \\K(
1 R, = CH,CH(OH)CH,0H 42 Ry =CH,
2 Ry =CHs 43 R, = CH,CH;
22 R, = CH,CH, 44 R, = CH,CH,CH,
23 R, = CH,CH,CH,3 45 R, = CH,CH,CH,CH,
24 R, = CH(CHy), 46 R, = CHy(CHy)sCHs
25 R, = CH,CH,CH,CH, 47 R, = CHy(CH,)4CH,
27 R, = C(CHy)s 48 R, = CHy(CH,)sCH,
28 R, = CHy(CH,)aCHs 49 R, = CF,
29 R, = CH,(CH,),CH, 51 R,=Ph
30 Ry = CHy(CHy)sCHs 52 R, = CH,Ph
31 Ry = CHy(CH,)sCH; 53 R,=CH,CH,Ph
32 R, = CHy(CHy)14CHy NH,
33 R, = CH,CH,0H
34 R, = CH,CH(CH3)OH N7 SN
35 R, = CH,C(CHa),0H ] N>'R2
36 R,=Ph
37 R, =CH,Ph Q(
38 R, = CH,CH,Ph OH

54 R,=CH,
55 R, = CH,CH,
56 R, = CH,CH(CH;),

39 Ry = CH,CH,CH,Ph
40 R, = CH,CH,CH,CH,Ph

41 R, =H
NH;
N7 ] N\>_/—/
: @
57
Figure 2.

response modifiers and the structure—activity-relation-
ships (SARs) that influence the induction of IFN.

Chemistry

The 1H-imidazol4,5-clquinolin-4-amines were syn-
thesized using two main synthetic routes. Common
~ features in both routes involve the displacement of a
4-chloroquinoline with primary amines and the conden-
sation with acid chlorides or ortho esters to form the
imidazole ring. While we show several methods to
prepare 1-(2-methylpropyl)-1H-imidazo[4,5-c]quinolin-
4-amine, 26, similar reaction conditions were utilized
to prepare many of the other analogues in our SAR
study (Figure 2).

The first route, Scheme 1, began with the chlorination
of 4-hydroxy-3-nitro-1H-quinolin-2-one, 3, employing a
modification of the method of Gabriel,® using phospho-
rus oxychloride in toluene, with triethylamine as a base,
to provide 2,4-dichloro-3-nitroquinoline, 4. Alternatively,
the chlorination can be accomplished using phenylphos-
phonic dichloride.® By careful control of the reaction
temperature, the 4-chloro substituent was selectively
displaced by a number of primary amines to give the
corresponding nitroamines, as demonstrated by the
reaction with isobutylamine to give 5. Catalytic hydro-
genation of 5 gave the corresponding diamine 6. To form
the imidazole, diamine 6 was treated with either triethyl
orthoformate or diethoxymethyl acetate in refluxing
toluene to generate 7. Amination of the chloro analogue
with methanolic ammonia at 150 °C gave 1-(2-methyl-
propyD)-1H-imidazol4,5-c]quinolin-4-amine, 28. By a
change of the primary amine in step b of this route,
compounds 1, 27, and 33-35 (see Figure 2) were also
prepared. The 1-H analogue, 41, was prepared by the

<
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Scheme 1°
(o] Cl

HN/U\/NO,

NO,

- O
" “oH ]\ cl
J
3 4
b
Cl c|:|
NZ ] NH, c Né\l/Noz
S (jtﬁ‘”
\/
6 5 |
d
f
Ci Cl OPh
H
NZ N N)\/N
Y I o
N 1 NH
\\( = K/
7 8 |
e el
NH, NH,
N/! N\> N)\”/N\>_/or>h
NS N I\ N
~ J
26 50

@ Reagents and conditions: (a) POCly, toluene, EtzN, heat or
PhPOCI,, heat; (b) isobutylamine, EtsN, CH,Cly, reflux; (¢) 5% Pt/
C, Hy, ethyl acetate; (d) HC(OEt)3, toluene, reflux; (e) NH3/MeOH,
150 °C; (f) PhOCH,COCI, Et3N, CH3CN.

acid-induced cleavage of the corresponding 1-tert-butyl
analogue, 27, in refluxing 6 N HCl.

Diamine 6 could also be reacted with acid chlorides
or ortho esters to give the intermediate amides as
illustrated by the condensation with phenoxyactetyl
chloride to give 8. Treatment of 8 with methanolic
ammonia at 150 °C resulted in the formation of the
imidazole ring as well as the displacement of the
4-chloro substituent to give the corresponding C-2
substituted 1H-imidazol4,5-clquinolin-4-amine 50. By
use of the appropriate acid chlorides in step f of this
sequence, analogues 45, 55, and 56 (see Figure 2) were
also prepared to provide examples with substitution at
the C-2 position.

A second route to 1H-imidazol4,5c]quinolines (Scheme
2) started with 3-nitro-4-quinolinol, 9, which was chlo-
rinated using either thionyl chloride and N.N-dimeth-
yliformamide in dichloromethane or phosphorus oxy-
chloride in N,N-dimethylformamide to give 10. The
4-chloro substituent was displaced with isobutylamine
to give N-(2-methylpropyl)-3-nitroquinolin-4-amine (11),
which was catalytically reduced to provide the diamine
12. Heating a solution of 12 in diethoxymethyl acetate
gave the imidazoquinoline 13. The N-oxide 14 was
prepared by oxidation with either peracetic acid or
m-chloroperbenzoic acid. Reaction of the N-oxide with
POCIl; in dichloromethane gave the 4-chloro-1H-imi-
dazol4,5-clquinoline analogue 16, which was converted
to 26 by treatment with NHj; in methanol at 150 °C.
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@ Reagents and conditions: (a) SOCly,, DMF, CH,Cly, reflux or
POC;, DMF, heat; (b) isobutylamine, CHqCly, reflux; (¢) 5% PH/C,
Hy, ethyl acctate; (d) diethoxymethyl acetate, heat or IIC(OXt)s,
toluene, reflux; (¢) CH3CO311, KLO1, heat; (f) POCly, CHCl,,
reflux; (g) Nig/McOH, 150 °C; (h) benzoyl isocyanate, CHCly,
heat; (i) NaOCH3, CHaO; (§) concentrated NI1,OY1, CHipCly, tosyl
chloride.

Compounds 2, 22, 24, 25, 28—32, 36—38, 48, 51—53 (see
Figure 2) were also prepared by this route by reacting
the appropriate primary amines with 10 in step b and
by using the appropriate acid chlorides or ortho esters
for the formation of the imidazole ring in step d. In the
case of the 2-trifluoromethyl analogue 49, the imidazole
ring was formed by refluxing the diamine in trifluoro-
acetic acid in step d.

Alternatively, N-oxide 14 was treated with benzoyl
isocyanate in dichloromethane to provide the corre-
sponding benzoyl derivative 15. Subsequent saponifica-
tion with sodium methoxide gave the free 4-amino
analogue 26. In addition, the N-oxides could be con-
verted directly to the corresponding 4-amines in a single
step using a modification of the Hamana and Hoshino
procedure.'® Compounds 23. 39, 40, 42—44, 46, 47, 54,
57 (see Figure 2) were prepared from their correspond-
ing N-oxides by dissolving in dichloromethane and
treating sequentially with ammonium hydroxide and
tosyl chloride.

Journal of Medicinal Chemistry, 2005, Vol. 48, No. 10 3483

Scheme 3¢

H
N7 NH; NP N
| [ >=s
x a X
NH - N\\(
12 17
J
N N
N7 c NZ
[ Y—socHy - [ H—scr,
[ N 2 N
19 \\( 18 \\(
|
A
e N
N i >—opn e
Yy i
J
20
NH,
N
N/
[ d—or
2 N\\(
58 R =CH,
59 R=Ph

@ Reagents and conditions: (a) 1,1-thiocarbonyldiimidazole,
DMF, heat; (b) CHjl, NaOMe, MeOH; (¢) KMnOy, acetic acid; (d)
potassium phenoxide, DMF; (e) CH3COgH, MeOAc; (f) concentrated
NH,OH, CH.Cls, tosyl chloride.

A method to prepare 1H-imidazo(4,5-c]quinoline de-
rivatives with heteroatoms directly attached to the C-2
position is described in Scheme 3. The reaction of N*-
(2-methylpropyl)quinoline-3,4-diamine, 12, with 1,1-
thiocarbonyldiimidazole gave the thione 17. Treatment
of 17 with iodomethane provided the S-methylated
product 18. Oxidation to the methyl sulfone, 19, was
achieved with potassium permanganate in acetic acid.
The methyl sulfone was readily displaced with nucleo-
philes, as exhibited by treatment with potassium phen-
oxide to give intermediate 20. N-Oxidation of the
quinoline nitrogen, followed by reaction with tosyl
chloride in ammoniwm hydroxide/dichloromethane, pro-
vided the corresponding 4-amine derivative 59. Com-
pound 58 was prepared in a similar manner by using
sodium methoxide as the nucleophile in step d.

The 4-chloro group of 7 was displaced by a variety of
nucleophiles, as shown in Scheme 4, to give the corre-
sponding 4-substituted 1H-imidazol4,5-c]quinolines 60—
62. The preparation of the 4-hydroxy analogue, 63, was
achieved by acid hydrolysis of the chloro group.

Compounds with substitution on the benzene ring
were also prepared. The following molecules, 64, 67, 70,
and 73, were prepared with a single methyl group
attached to the C-6, C-7, C-8, or C-9 position of the ring
system (Figure 3). These compounds were synthesized
from the appropriately substituted quinolines using the
routes shown in Schemes 1 and 2. The C-6, C-7, and
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NH, NH,

TS %

s X N X N
< Y

64 Rg=CHj 67 R;=CH,
65 Rg= OCH; 68 R; = OCH;
66 Rg = OH 69 R, = OH
NH, NH,
= N )\/N
Y T
g Cr
K( Csz(
R
70 Rg= CHy 73
71 Rg= OCH,
72 Rg=OH
Figure 3.
Scheme 4¢
Ci R4
| \> aorb | \>
SN ., XN
7
60 R, = NHCH,
61 R, = OCH,
62 R, = SCH,
63 R, = OH

¢ Reagents and conditions: for 60—62, (a) nucleophile, solvent,
heat; for 63, (b) 6 N HC], reflux.

Scheme 5°
NH, NH,
] \> aorb | \>
N N\\( - N N
26 Rs
74 Rg=DBr
75 Rg= NO,

d

NH, NH,
> S |
) N\\< b N\\(
cl NH,
77 76
@ Reagents and conditions: (a) Bry, HOAc; or (b) HNO3, HoSOy;
(¢) SnCly, HCI, EtOH, reflux; (d) NaNOg, HCI, CuCl.

C-8 methoxy analogues, 65, 68, and 71, were prepared
in a similar manner. The hydroxyl-substituted deriva-
tives, 66, 69, and 72, were prepared by acid hydrolysis
of the corresponding methoxy compounds.

The 1H-imidazo[4,5-clquinolin-4-amines can also be
modified by direct electrophilic substitution of the
tricyclic ring system, as shown in Scheme 5. Bromina-
tion or nitration of 26 gave the corresponding 8-bromo
(74) and 8-nitro (75) analogues, respectively.’! Catalytic
reduction of 75 gave the corresponding 8-amino ana-

b
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Table 1. Effect of R; Substitution on IFN Induction

X
- N
BN
NN
Ry
Ri MECe
CHoCH(OH)CH,0H 5.0
CHj 0.5
CH,CHj 0.5
CH2CH2CH3 0.5
CH(CHa), 0.5
CH,CH,CH,CH 0.5
CHoCH(CHy)a 0.5
C(CHy)s - NI
CHo(CHy)3CH 3 0.5
CHo(CH2)sCH3 0.5
CHa(CH2)5CHj3 0.5
CH(CH2)sCH3 NI
CHo(CH2)14CH3 NI
CH,CH,0H 0.5
CH,CH(CH3)OH 0.5
CH>C(CHz3),0H 0.5
R NT:
0.1}
05
N1
01
0.5

¢ Minimum effective concentration at which II*N induction was
observed (ug/ml). NI = no induction of IFN at the highest
concentration tested (5.0 ug/ml.).

logue 76. The 8-chloro derivative, 77, was prepared from
the amine via the Sandmeyer reaction.

Results and Discussion

The assay used to measure IFN production has been
previously described in detail.” Human peripheral blood
mononuclear cells (WPBMCs) were cultured overnight
with each test compound in RPMI medium containing
10% autologous serum at 37 °C. Culture supernatants
were collected and analyzed for IFN-a by a virus
cytopathic effect assay, using A549 human lung carci-
noma cells and encephalomyelitis virus. The compounds
were evaluated according to the minimum effective
concentration (MEC) at which they induced IFN pro-
duction. While we observed some variability among
hPBMC donors in the amounts of IFN produced, there
was generally good consistency in the MEC for a given
compound.

The SAR of the 1H-imidazol4,5-clquinoline core with
differing substituents at the N-1 position is shown in
Table 1. Most compounds with alkyl substituents induce
IFN at a similar concentration (0.5 ug/mlL), the excep-
tions being the longer straight-chain analogues 31 and
32 that fail to induce IFN. A single branching substitu-
ent at the o position of the carbon backbone is tolerated
as seen with Nl-isopropyl, 24; however, when the
substituent is the bulkier tert-butyl, 27, no IFN induc-
tion is observed. When the alkyl chain contains hydroxyl
substituents, most of the examples (33—35) also induce
IFN production at 0.5 ug/ml, the exception being the
dihydroxypropy! analogue 1, which is weakly active.
Direct attachment of a phenyl group at the N-1 position,
36, gives an analogue that does not induce IFN;
however, introduction of a phenyl group at the terminus
of an alkyl chain (37, 38, 40) gives active IFN inducers
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Table 2. Effect of Rs Substitution on IFN Induction

* III-/mi'dazo//l,5-(;/qu11nolzin,es That Induce Interferon

compd Ry Ra MEC«
26 CHyCH(CHzg)y 11 0.5
42 CH,uCH(CHg)g CHj 0.05
4% CHoCH(CH )y CH,CH; 0.05
44 CHoCH(CHyg)y CH,CHoCHjy 0.05
45 CHyCH(CH3)o CH,CH3CH,CH 3 0.01
46 CHyCH(CH 3)9 CH(CH3)3CI3 0.05
47 CHoCH(CH ) CHo(CYp)sCH g 0.5
48 CHCH(CHy)a CHy(CHy)5CH g
49 CHoCH(ClHg)g Clky
50 CHaCH(CH CH0Ph
51 ‘CH,CH(CHa) ‘Ph‘: o
52 ‘CHCH(CIg)s CHPRY
53 sCHzCH(CH,‘;)Q l:CHzCHzPh\
35 CH,C(CHy)sOH H
54 C] lzc((:] ].‘])20.} 1 Cl 13
55 CHyC(CH3),OH CH,CH;3
56 CHaC(C1H3), 01! CHoCH(CH )2
57 Ph CH,CHCH,CHy
58 CH,CH(CHig)y OClis
59 CHoCI(Cy), OPh

« Minimum cffective concentration at which I¥N induction was
observed (vg/ml). NI = no induction of IFN at the highest
concentration tested (5.0 pug/ml.).

(MEC = 0.1-0.5 gg/mL). The exception to this trend in
activity is the 3-phenylpropy!l analogue 39, which is
surprisingly inactive in repeated assays. In addition, the
unsubstituted derivative 41 is also an active IFN
inducer (MEC = 0.5 ug/mL).

To investigate how substitution at other positions of
the imidazoquinoline core influences IFN induction, we
focused primarily on analogues of compound 26. While
the activity of 26 is similar to many of the compounds
shown in Table 1, this molecule was effective in animal
models and had progressed as a development candidate.
During in vivo studies it was discovered that 26 is
metabolized to the 1-(2-hydroxy-2-methylpropyl) deriva-
tive 35,2 which has similar potency in the hPBMC
assay. Therefore, the SAR was further developed using
1-(2-methylpropyl) or 1-(2-hydroxy-2-methylpropyl) as
the N-1 substituent.

To explore the effect that C-2 substituents have on
IFN induction, we prepared a series of compounds with
differing substitution at this position (Table 2). Com-
pared to compound 26, straight-chain alky! substituents
(C1..5) increase the IFN induction activity by 10- to 50-
fold (MEC = 0.01-0.05 ug/mlL). Activity begins to
decrease when the alkyl substituent is longer (Cg-7).
While the methyl derivative 42 shows increased activity
compared to the parent 26, the trifluoromethyl sub-
stituent at C-2 (49) completely eliminates activity.
Direct aryl substitution at C-2 (51) also abrogates IFN
production. However, the phenoxymethyl and benzyl
derivatives 50 and 52 show a 5- and 10-fold increase in
activity, respectively, when compared to 26. The phen-
ethyl derivative 53 is 2-fold less active than 26. The
series with the 1-(2-hydroxy-2-methylpropyl) substitu-
tion at N-1 showed a similar trend in activity compared
to the 1-(2-methylpropyl) series. Compounds 54-56
increase the IFN induction activity 10- to 50-fold when
compared to 35. In the case where the N-1 substituent
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Table 3. Effect of Rs Substitution on IFN Induction

R4
72 N
N
>
X N\\(
compd R4 MECe
7 Cl NI
13 H NI
15 NHC(O)Ph NI
60 NHCHj, NI
61 OCH3 NI
62 SCHj NI
63 OH NI
26 NH, 0.5

@ Minimum effective concentration at which IFN induction was
observed (ug/mL). NI = no induction of IFN at the highest
concentration tested (5.0 pg/ml.).

Table 4. Effect of Rs, Ry, Rs, and Rg Substitution on IFN
Induction
NH,

R
compd Re Ry Rs Rg MECe
26 H H H H 0.5
64 CHj H H H NI
65 OCHg34 H H H NI
66 OH H H H 1.0
67 H CH; H H 0.5
68 H OCHj; H H 1.0
69 H OH H H 0.5
70 H H CHjy H NI
71 H H OCH; H NI
72 H H OH H NI
73 H H H CH3 NI
74 H H Br H NI
75 H H NO2 H NI
76 H H NH;y H NI
717 H H Cl H NI

@ Minimum effective concentration at which IFN induction was
observed (ug/mL). NI = no induction of IFN at the highest
concentration tested (5.0 ug/mL).

is phenyl, the 2-H-analogue 36 is inactive. However,
addition of a 2-butyl group (57) gives an active IFN
inducer (MEC = 0.5 ug/mL). This clearly illustrates that
simple alkyl substitution at the C-2 position is beneficial
for IFN activity. On the other hand, having an oxygen
atom directly attached to the C-2 position eliminates
activity because both the 2-methoxy, 58, and 2-phenoxy,
59, derivatives fail to induce IFN.

The C-4 position of the 1H-imidazo[4,5-c]quinoline
core is unique in that only a primary amino substituent
leads to IFN induction (Table 3). Even monomethylation
of the primary amino group, 60, or replacement with a
hydroxy group, 63, completely eliminates the IFN
inducing activity. All other C-4 substituents investi-
gated fail to induce IFN production. From these results,
it appears that having the unsubstituted 4-amino group
is the most important aspect for IFN induction.

Substitution on the benzene ring gives analogues that
either retain the IFN induction of the unsubstituted
compound or decrease or eliminate the activity (Table
4). Substitution at the C-6 position eliminates activity
(64, 65), the exception being the hydroxyl-substituted



3486 Journal of Medicinal Chemistry, 2005, Vol. 48, No. 10

analogue 66 that is 2-fold less active than the parent.
Substitution at the C-8 position (70—72, 74—77) and the
C-9 position (73) also eliminates IFN-inducing activity.
However, compounds substituted at the C-7 position
have IFN induction (67—69) comparable to that of the
parent 26.

As previously mentioned, compound 26 was chosen
early in the development process as a small molecule
with the potential to produce IFN in vivo. While other
molecules, especially those with additional substitution
at the C-2 position, are more active in the hPBMC assay,
compound 26 had the right balance of activity and
tolerability for the prevention of lesions caused by
HSV-2 infection in the guinea pig model.® The observed
in vivo antiviral activity is associated with the produc-
tion of IFN in a cell-mediated immune response. Sub-
sequent studies showed that compound 26 is also a
potent inducer of IFN, as well as other cytokines, in a
number of species including mice, rats, monkeys, and
humans via topical, oral, or parenternal administration.?

Conclusions

1H-Imidazol4,5-clquinolin-4-amines have been pre-
pared and evaluated for the ability to induce IFN-«
production in hPBMCs. Investigation of the N-1 sub-
stituted 1H-imidazo[4,5-c]quinolin-4-amines lacking sub-
stitution at C-2 reveals that most simple alkyl and
hydroxyalkyl substituents are tolerated to give active
IFN inducers. However, activity is not enhanced com-
pared to the nonsubstituted compound 41. When longer
alkyl chains or bulkier alkyl substituents (i.e., tert-butyl)
are attached to N-1, activity is eliminated at the
concentrations tested. This is also the case when a
phenyl group is directly attached to N-1. Straight-chain
alkyl substitution at the C-2 position enhances TFN
induction for the smaller chains, with butyl being the
most active. When the chain length reaches heptyl,
activity begins to decrease. Phenoxymethyl and benzyl
groups at C-2 also increase activity. The C-2 substiuents
that are not tolerated include trifluoromethyl, phenyl,
and the methoxy and phenoxy derivatives. The amine
at the C-4 position appears to be the most crucial
requirement for activity. All other modifications at this
position eliminate IFN production. In general, simple
substitution on the benzene ring appears to be unfavor-
able because most of the compounds prepared fail to
induce IFN. The exception is substitution at the C-7
position where the compounds retain the activity of the
unsubstituted parent molecule.

In summary novel interferon inducers have been
discovered. These studies have led to the development
of imiquimod, 26, for clinical use. It has been demon-
strated that topical application of imiquimod in humans
induces synthesis of IFN and other cytokines in skin at
the application site.?® Clinical utility has been demon-
strated in treating genital warts,'® basal cell carci-
noma,!* and actinic keratosis.!® Several related condi-
tions are also reported to respond.’® We are continuing
to explore this novel series of immune response modi-
fiers in an effort to find small molecules that treat
diseases involving the immune system.!”

Experimental Section

Melting points were taken using a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Proton reso-
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nance ("H NMR) spectra were recorded on a Bruker 300 NMR
spectrometer at 300 MHz. Chemical shifts are reported in &
relative to tetramethylsilane. Carbon, hydrogen, and nitrogen
analyses were performed by Oneida Research Services, Whites- -
boro, NY; Robertson Microlit Laboratories, Madison, New
Jersey; or 3M Analytical Services and were within £0.4% of

 the theoretical values unless otherwise indicated. Solvents

employed in developing thin-layer chromatography plates
(TLC) are noted in parentheses. The structures of all com-
pounds were consistent with their spectral data. Unless noted
otherwise, the reported yields were not optimized.

2-Chloro-N-(2-methylpropyl)-3-nitroquinoline (5). Tri-
ethylamine (63.5 mL, 0.46 mol) was added in small portions
to a well-stirred suspension of 4-hydroxy-3-nitro-1H-quinolin-
2-one (3) (20.8 g, 100 mmol) in toluene (100 mL). Phosphorus
oxychloride (15.7 mL, 168 mmol) was added dropwise to the
stirred mixture over a 3—5 min period. The temperature of
the reaction mixture was maintained below 55 °C during the
addition. After the addition was complete, the reaction mixture
was heated at 80—90 °C for 4 h, cooled to ambient tempera-
ture, diluted with dichloromethane (200 ml), and poured into
water with stirring while maintaining the temperature below
60 °C. The resulting mixture was made basic with aqueous -
sodium hydroxide and stirred at ambient temperature for 2
h. The organic phase was separated from the mixture, washed
thoroughly with water, and dried over magnesium sulfate. A
solution of triethylamine (15.7 g, 155 mmol) and isobutylamine
(8.8 g, 120 mmol) was added to the dried organic phase, and
the solution was refluxed for 30 min. The reaction mixture
was concentrated in vacuo to dryness. The residue was slurried
in water, and the resulting solid was collected by vacuum
filtration. The vellow solid was washed thoroughly with water
and dried to yield 17.8 g (64%) of product that was pure enough
for further use. Recrystallization from propyl acetate gave an
analytically pure product as a bright-yellow solid: mp 85—-88
°C; "H NMR (300 MHz, CDCl3) 6 7.98—7.88 (m, 2 H), 7.75 (m,
1H), 7.563 (m, 1 H), 6.19 (br s, 1 H), 3.38-3.30 (m, 2 H), 1.96
(m, 1 H), 1.04 (d, J = 6.7 Hz, 6 H). Anal. Caled for Ci3Hus-
CIN;Oq C, 55.82; H, 5.04; N, 15.02. Found: C, 55.69; H, 5.1;
N, 14.9.

Alternative Chlorination Procedure Using Phenylphos-
phonic Dichloride: 2,4-Dichloro-8-methyl-3-nitroquino-
line. A mixture of 4-hydroxy-8-methyl-3-nitroquinolin-2-(1.H)-
one®® (11.0 g, 50 mmol) and phenylphosphonic dichloride (30
ml) was slowly heated fo 140 °C with stirring. The temper-
ature of the mixture was maintained between 135 and 140 °C
for 3 h, and the mixture was poured into cold water (600 mL}. -
with vigorous stirring. The syrupy mixture gradually solidified
upon continued stirring. The solid was collected by vacuum
filtration, washed with water, and dried to give 12.2 g (95%)
of unpurified product as a tan solid. The solid was recrystal-
lized from heptanes/dichloromethane to give 9.0 g (70%) of pure
product as brownish crystals: mp 178-180 °C; 'H NMR (300
MHz, CDCi5) 0 8.10(dd, J = 04,84 Hz, 1 H),7.78d,J = 7.8
Hz, 1 H), 7.68 (1, J = 7.8 Hz, 1 H), 2.79 (s, 3 H). Anal. Caled
for C1oHgCIaNyOq: C, 46.72; H, 2.35; N, 10.90. Found: C, 46.81;
H, 2.09; N, 10.61. .

2-Chloroe-N1-(2-methylpropyl)quinoline-3,4-diamine (6).
A mixture of 5 (7.5 g, 27 mmol), ethyl acetate (300 mL),
magnesium sulfate (5.0 g), and 5% platinum on carbon (200
mg) was hydrogenated in a Parr apparatus at ~50 psi initial
pressure of hydrogen gas. When hydrogen uptake ceased, the
solids were filtered from the mixture and the filtrate was
concentrated in vacuo to yield 5.8 g of unpurified product. The
unpurified solid was reprecipitated from dilute hydrochloric
acid by the addition of concentrated ammonium hydroxide to
give 4.8 g (71%) of colorless product that was pure enough for
further use. Recrystallization of the unpurified solid from
ethanol gave analytically pure product as colorless platelets:
mp 145-148 °C; 'H NMR (300 MHz, CDCly) ¢ 8.02 (m, 1 H),

7.69 (m, 1 H), 7.46-7.35 (m, 2 H), 529 ({, J = 6.6 Hz, 1 H),

5.08 (s, 2 H), 3.11 (1, J = 6.7 Hz, 2 H), 1.77 (m, 1 H), 0.91 (4,
J = 6.7 I“IZ, [§] I'I) Anal. CE\ICd for C];;I’L(;C]Ngi C, 6252 {‘1,
6.46; N, 16.83. Found: C, 62.54; H, 6.44; N, 16.75. ’
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4-Chloro-1-(2-methylpropyl)-1H-imidazo[4,5-¢clquino-
line (7). A mixture of 6 (3.2 g, 12.8 mmal), triethyl orthofor-
mate (2.0 g, 13.2 mmol), and toluene was refluxed for 1.5 h
while allowing the ethanol to be distilled from the solution.
The volatiles were removed under vacuum to vield an oil that
solidified upon cooling to ambient temperature. The solid was
crushed in tert-butyl methyl ether, collected by vacuum
filtration, and dried to yield 3.1 g (94%) of a solid that was
judged to be homogenecus by TLC (47:3, dichloromethane/tert-
butyl methyl ether). The product was recrystallized from
2-propanol to give 2.0 g (61%) of an analytically pure product
as a cream-colored solid; mp 139140 °C; *H NMR (300 MHz,
CDCL) ¢ 8.20(dd, J = 1.5, 7.7 Hz, 1 H), 8.09(dd, J=1.2,79
Hz 1 H), 793 (s, 1 H), 7.70 (ddd, J = 1.5, 7.0, 8.5 Hz, 1 H),
7.64 (ddd,J = 1.4,7.1, 8.4 Hz, 1 H), 4.36 (d, J = 7.4 Hz, 2 H),
2.36{m, 1 H). 1.05 (d.J = 6.7 Hz, 6 H). Anal. Caled for Ci H 4
CINy: C, 64.74; H, 5.43; N. 16.18. Found: C, 64.47; H, 5.34;
N, 16.16.
1-(2-Methylpropyl)-1H-imidazo(4,5-clquinolin-4-
amine (26).'* A mixture of 7 (3.0 g, 11.6 mmol) and 2 M
methanolic ammonia (25 mL, 50 mmol) was placed in a glass
tube and heated in a Parr pressure vessel at 150 °C for 7 h.
The cooled misture was reduced in volume in vacuo to remove
ammonia and treated with potassium hydroxide (750 mg, 11.6
mmol} dissolved in methano! (10 mL). The mixture was stirred
at ambient temperature for 1 h, and the resulting solid was
collected by vacuum filtration. The solid was washed consecu-
tively with methanol, water, and methancl and dried to yield
2.5 g (89%) of unpurified product as a colorless solid, which
was homogeneous as judged by TLC (47:3, dichlormethane/
teri-butyl methyl ether). The unpurified product was recrystal-
lized from N ,N-dimethylformamide to give 2.3 g (82%) of an
analytically pure product as colorless crystals: mp 292—-294
°C; "H NMR (300 MHz, DMSO-ds) 0 8.18 (s, 1 H), 8.00 (dd, J
=1.0,8.1 Hz, 1 H), 7.62(dd, J = 1.1, 8.3 Hz, 1 H), 7.44 (ddd,
J =
6.58 (brs, 2 H), 440 (d, J = 7.4 He, 2 H), 2.18 (heptet, J = 6.7
Hz, 1 H), 092 (d, J = 6.6 Hz, 6 H). Anal. Caled for Cj4H 6Ny
C, 69.97; H, 6.71; N, 23.31. Found: C, 69.9; H, 6.6; N, 23.4.
1H-Imidazol4,5-clquinolin-4-amine (41).% A mixture of
27 (1.5 g, 6.2 mmol) and 6 N HCI (25 mL) was refluxed for 30
min. The mixture was cooled to ambient temperature. The
solid that had precipitated was collected by vacuum filtration
and slurried in an aqueous saturated sodium carbonate
solution. The solid was collected by vacuum filtration, washed
with water, and dried. The unpurified solid was recrystallized
from ethanol to give 0.6 g (52%) of analytically pure product
as a colorless solid: mp >250 °C; "H NMR (300 MHz, DMSO-
de) 0 9.35 (s, 1 H), 8.30 (dd, J = 1.2, 8.4 Hz, 1 H), 8.13 (dd, J
=0.9, 7.8 Hz, 1 1), 7.92 (s, 1 H), 7.73-7.62 (m, 2 H), 7.27 (s,
2 H). Anal. Caled for CioHgNy: C, 65.21; H, 4.37; N, 30.42.
Found: C, 65.30; H, 4.4; N, 30.3.
1-(2-Methylpropyl)-2-phenoxymethyl-1H-imidazol4,5-
clquinolin-4-amine (50). A solution of 6 (7.5 g, 300 mmeol)
in acetonitrile (100 mL) was cooled to 5—10 °C. Phenoxyacetyl
chloride (5.3 g, 310 mmol) was added dropwise to the vigor-
ously stirred solution. The solution turned yellow and exhibited
a slight initial exotherm. The mixture was stirred at ambient
temperature for 18 h. The solid that had formed was collected
by vacuum filtration, washed with acetonitrile, and dried. The
solid was suspended in 7% methanolic ammonia (100 mL), and
the mixture was heated in a steel pressure vessel for 8 h at
1650—160 °C. The resulting mixture was reduced in volume to
remove ammonia and made strongly basic with 25% metha-
nolic sodium methoxide. After the mixture was cooled to
ambient temperature, the resulting solid was collected by
vacuum fil{ration, washed successively with methanol and
water, and dried to provide 9.3 g (89%) of the unpurified
product as a fluffy, white solid that was judged to be homo-
geneous by TLC (ethyl acetate/methanol). Recrystallization
from ethanol/water (90:10) gave an analytically pure sample:
mp 195-197 °C; "H NMR (300 MHz, DMSO-dg) 6 8.02(d, J =
8.1 Hz, 1 H),761(d,J=84Hz 1H), 744 (t,J =81Hz, 1
H, 7.36—7.24 (m. 6 H), 6.60 (br s, 2 H), 5.40 (s, 2 H), 4.47 (d,
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J=78Hz 2 H), 2.26 (m, 1 H), 0.93 (d, J = 6.6 Hz, 6 H).
Anal. Caled for ConHoN.OQ: C, 72.81; H, 6.40; N, 16.17.
Found: C, 72.57; H, 6.58; N, 16.24.

3-Nitro-4-quinoelinol (9). A mixture of 4-quinolinol (26.2
g, 180 mmol) in propionic acid (250 mL) was heated to 125 °C
with stirring. Nitric acid (70%, 25.4 mL, 0.4 mol) was added
dropwise to the stirred solution while maintaining the reaétion
mixture temperature at 125 + 5 °C. The product began to
precipitate before the addition of nitric acid was completed,
and the reaction mixture became quite thick. When addition
was complete, the mixture was stirred at 125 °C for 15 min
and cooled to ambient temperature. The mixture was diluted
with ethanol, and the solid was collected by vacuum filtration.
The solid was washed successively with ethanol, water, and
ethanol. The resulting light-yellow solid was heated in reflux-
ing ethanol and filtered from the hot mixture to give 27.7 g
(81%) of analytically pure product as a light-yellow solid: mp
>250 °C; *H NMR (300 MHz, DMSO-dg) 6 12.99 (br 5, 1 H),
9.19 (s, 1 H), 8.26 (dd, J = 0.9, 8.1 Hz, 1 H), 7.83-7.71 (m, 2
H), 7.52 (ddd, J = 0.9, 7.0, 8.1 Hz, 1 H). Anal. Caled for
CsHeN:Oy: C, 56.85; H, 3.18; N, 14.73. Found: C, 56.68; H,
3.0; N, 14.6.

N-(2-Methylpropyl)-3-nitroquinolin-4-amine (11). Thio-
nyl chloride (8.1 mL, 110 mmol) was added dropwise to a
vigorously stirred suspension of pure and finely divided 9 (19.0
g, 100 mmol)}, as prepared by the method described above, in
dichloromethane (200 mL) and N,N-dimethylformamide (8.5
ml, 110 mmol). The addition resulted in an exotherm. After
the addition of thionyl chloride was completed, the mixture
was heated at reflux for 3 h to form intermediate 10. The
mixture was cooled to —15 °C, and a solution of isobutylamine
(15.1 mL, 152 mmol) and triethylamine (20.9 mL, 150 mmol)
was added to the cold mixture with vigorous stirring. The’
temperature of the mixture rose to ~20 °C, and the color
changed to yellow. The yellow mixture was refluxed for 15 min,
and the volatiles were removed in vacuo. The resulting bright-
yellow residue was slurried in water. The solid was collected
by vacuum filtration, washed with water, partially dried, and
shuried in 75 mL of ethanol. The solid was collected by vacuum
filtration, washed with a minimum amount of ethanol, and
dried to provide 22.6 g (92%) of product as a bright-yellow solid.
Recrystallization from ethyl acetate/hexanes gave an analyti-
cally pure sample as a bright-yellow solid: mp 119-121 °C;
'H NMR (300 MHz, CDCl3) 6 9.79 (br 5, 1 H), 9.35 (5, 1 H),
8.30(dd, J = 0.7,8.5Hz, 1 H),797(dd, J = 1.1, 8.3 Hz, 1 H),
7.78 (m, 1 H), 7.49 (m, 1 H), 3.79 (dd, J = 6.5 Hz, 2 H), 2.05
(m, 1 H), 1.10 (d, J = 6.7 Hz, 6 H). Anal. Caled for
C13H15N3021 C, 6366, H', 6.].6; N, 17.13. Found: C, 63.7; H,
6.2; N, 17.1.

Alternative Preparation for N-(2-Methylpropyl)-3-ni-
trogquinolin-4-amine (11). Phosphorus oxychloride (9.9 g, 65
mmo}) was added in a slow stream to a well-stirred suspension
of 9 (10.0 g, 53 mmol) in N,N-dimethylformamide (75 mL}. The
internal temperature of the reaction mixture rose to 35 °C
during the addition. The reaction mixture was further heated
to 50 °C with stirring for 30 min. The resulting solution was
cooled to ambient temperature and poured into an ice/water
mixture (300 mL). A solid (10) was collected by vacuum
filtration, washed thoroughly with water, and pressed dry. The
moist product was added to a solution of isobutylamine (7.0
ml, 70 mmol) and triethylamine (14.0 mIL, 100 mmol) in
ethanol (200 mL). The mixture was refluxed for 15 min and
then diluted with water to precipitate the unpurified product,
which was collected by vacuum filtration and washed with
water. The unpurified solid was dissolved in dilute hydrochlo-
ric acid (200 mL). A small amount of insoluble material was
removed by filtration, and the product was reprecipitated by
the addition of concentrated ammonium hydroxide. The solid
was collected by vacuum filtration, washed thoroughly with
water, and dried to give 11.0 g (85%) of product as a bright-
yellow solid. The product was identical to the previously
prepared material as judged by melting point and NMR
analysis.
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Ni(2-Methylpropyl)quinoline-3,4-diamine (12). A sus- -

pension of 11 (24.5 g, 100 mmol), 5% platinum on carbon (~500
mg), and magnesium sulfate (15 g) in ethyl acetate (350 mL)
was hydrogenated on a Parr apparatus with an initial pressure
of ~53 psi of hydrogen gas. When uptake of hydrogen ceased,
the solids were collected by vacuum filtration and the filtrate
was concentrated in vacuo to a volume of ~75 mL. The solution
was diluted with an equal volume of hexanes, and a crystalline
solid formed. The solid was collected by filtration, washed with
1:1 ethyl acetate/hexanes, and dried to give 11.0 g (51%) of a
pale-yellow solid. A second, darker crop of 6.1 g (28%) was
obtained by repeating the procedure. Recrystallization of the
first crop from tert-butyl methyl ether gave analytically pure
product as colorless crystals (Note: For general synthetic use,
the unpurified diamines were often employed in the subse-
quent reaction without further purification.) Mp 9799 °C; *H
NMR (300 MHz, DMSO-ds) 6 8.37 (s, 1 H), 8.01 (m, 1 H), 7.73
(m, 1H), 7.39—7.30 (m, 2 H), 4.97 (s, 2H), 4.86 (t,J = 6.8 Hz,
1H),303(,J=68Hz 2H), 1.77(m, 1 H),0.90(d,J = 6.7
Hz, 6 H). Anal. Caled for C13HywNy: C, 72.52; H, 7.96; N, 19.52.
Found: C, 72.67; H, 8.0; N, 19.5.
1-(2-Methylpropyl)-1H-imidazo[4,5-clquinoline (13). A
mixture of 12 (21.5 g, 100 nunol) and diethoxymethyl acetate
(30 mlL, 0.18 mol) was heated on a steam bath for 1 h. The
solution was diluted with water (30 mL) and acidified with 6
N agueous HCL The aqueous mixture was heated on a steam
bath for 15 min. The resulting solution was cooled to ambient
temperature and made strongly basic with 50% aqueous NaOH
to provide an oily liquid that was extracted into dichlo-
romethane. The combined extracts were dried over magnesium
sulfate, filtered, and concentrated in vacuo. The oily material
solidified upon cooling to yield 20.3 g (90%) of unpurified
product as a tan solid that was judged to be homogeneous by
TLC. This material was sufficiently pure for use in the next
step. Recrystallization from ether provided an analytically pure
sample as a pale-yellow solid: mp 92-95 °C; *H NMR (300
MHz, CDCl3) § 9.36 (s, 1 H), 8.30 (dd, J = 1.4, 8.4 Hz, 1 H),
8.10(dd, J =0.9,7.9 Hz, 1 H), 7.90 (s, 1 H), 7.76—7.60 (m, 2
H), 437 (d,J =74 Hz 2H), 236 (m, 1 H),1.05(d,J =266
Hz, 6 H). Anal. Calcd for C14HsN3: C, 74.64; H, 6.71; N, 18.65.
Found: C, 74.96; H, 6.74; N, 18.71.
1-(2-MethylpropyD-1H-imidazo[4,5-clquinoline 5N-
oxide (14). A solution of 13 (9.0 g, 40 mmol) was dissolved in
ethanol (100 mL) containing peracetic acid (32% active oxygen,
11.4 g, 48 mmol). The solution was heated at 60 °C (internal
temperature) for 2.5 h, and the reaction mixture was concen-
trated in vacuo. The residue was azeotroped with heptanes (3
x 100 mL) to remove acetic acid. The resulting solid was
dissolved in water and made slightly basic with dilute aqueous
NaOH to precipitate the N-oxide. The solid was collected by
vacuum filtration, washed with water, and air-dried to give
9.8 g of unpurified product. The hydrated solid was suspended
in 150 mL of toluene, and the resulting mixture was refluxed,
while stirring, to remove the water of hydration. When water
evolution ceased, the solid was collected by vacuum filtration,
washed with toluene, and dried to provide 7.8 g (81%) of
product as yellow crystals. Recrystallization from methanol/
ether provided an analytically pure sample as yellow crys-
tals: mp 211-214 °C; *H NMR (300 MHz, DMSO-de) 6 9.10
(s, 1 H), 885(d, J =84Hz, 1 H), 847 (s, 1 H),837(d,J =
8.1 Hz, 1 H), 7.98-7.77 (m, 2 H), 4.51 (d, J = 7.4 Hz, 2 H),
2.18 (m, 1 H), 0.94 (d, J = 6.6 Hz, 6 H). Anal. Caled for
C1aH3sN30: C, 69.69; H, 6.27; N, 17.42. Found: C, 69.80; H,
6.3; H, 174.
4-Chloro-1-(2-methylpropyl)-1H-imidazo[4,5-c]lquino-
line (16). A solution of 14 (3.6 g, 14.9 mmol) was digsolved in
dichloromethane (10 mL), and phosphorus oxychloride (2.5 g,
16.3 mmol) was added to the stirred solution in a slow stream.
A spontaneous exotherm was observed. The resulting solution
was refluxed for 15 min, diluted with 100 mL of dichlo-
romethane, and poured into ice/water (100 mlL) containing
excess concentrated ammonium hydroxide. The mixture was
stirred at ambient temperature for 4 h. The organic phase was
separated from the mixture, dried over magnesium sulfate,
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and concentrated in vacuo to yield 2.9 g (74%) of a tan powder
that was pure enough for further reactions. The unpurified
product was recrystallized from 2-propanol to yield 1.9 g (49%)
of cream-colored crystals: mp 135-137 °C. The product was
judged to be homogeneous by TLC and was identical to the
product prepared by the previous route (see example 7 above).

N-Benzoyl-1-(2-methylpropyD)-1H-imidazo{4,5-c]lquino-
lin-4-amine (15). A solution of 14 (7.3 g, 30 mmol) dissolved
in dichloromethane (250 mL) was treated with benzoyl isocy-
anate (90%, 8.0 g, 30 mmol) at ambient temperature. The
reaction mixture became exothermic and was refluxed briefly.
The resulting warm solution was refluxed for 15 min and
diluted with hexanes until the hot solution became cloudy.
Upon standing, a crystalline solid began to form, and further
cooling to ambient temperature completed the precipitation
of product. The solid was collected by vacuum filtration,
washed with hexanes, and dried to give 8.1 g of a colorless
crystalline product. A second crop was obtained from the
filtrate to give @ combined yield of 9.5 g (92%). Recrystalliza-
tion of the unpurified product from ethano! provided colorless

crystals: mp 193—196 °C; 'H NMR (300 MHz, DMSO-dg) ¢ -

10.84 (s, 1 H), 8.35 (s, 1 H), 8.35 (m, 1 H), 8.14—8.02 (m, 3 H),
7.76—7.51 (m, 5 H), 453 (d, J = 7.4 Hz, 2 H), 2.23 (m, 1 H),
0.95 (d, J = 6.6 Hz, 6 H). Anal. Calcd for C2;H2N,0: C, 73.23;
H, 5.85; N, 16.27. Found: C, 73.29; H, 5.8; N, 16.3.
1-(2-Methylpropyl)-1H-imidazol4,5-clquinolin-4-
amine (26). A solution of 15 (5.0 g, 14.5 mmol} in methanol
(560 ml.) was treated with 10 drops of 25% sodium methoxide
in methanol. The solution was refluxed for 2 h during which
time a solid precipitated from the solution. The mixture was
cooled to ambient temperature and filtered. The resulting solid
was washed successively with water and methanol and dried.
The unpurified material (3.3 g, 95%) was judged to be

homogeneous by TLC and was identical to the same product

prepared by the two previously described methods.

Direet Conversion of N-Oxide (14) to 1-(2-Methylpro-

pyl)-1H-imidazo[4,5-clquinolin-4-amine (26). To a solution
of 14 (3.1 g, 12.9 mmol) in dichloromethane (30 mL) was added
concentrated ammonium hydroxide (10 mL). p-Toluenesulfonyl
chloride (2.5 g, 13 mmol), dissolved in dichloromethane (10
mL), was added dropwise to the vigorously stirred solution at
ambient temperature over a period of 10 min. A spontaneous
exotherin was observed, and a solid precipitated from the
solution during addition. When the addition was complete, the

mixture was stirred at ambient temperature for 15 min. The’

.

solid was coliected by vacuum filtration, washed with dichlo- -

romethane and water, and pressed partially dry. The moist -
solid was slurried with methanol, collected by vacaum filtra-

tion, and dried to yield a cream-colored solid. The solid was
suspended in 50 mL of methanol and refluxed for 5 min, and

the solid was collected by vacuum filtration. The resulting

colorless solid was recrystallized from NV, N-dimethylformamide

(60 mL) to yield 2.2 g (71%) of analytically pure product: mp ™

292294 °C. The product was identical to the sample prepared
by the previously described method.

2-Methanethio-1-(2-methylpropyl)-1H-imidazo[4,5-¢c]- -

quinoline (18). To a solution of 12 (12.5 g, 58 mmol) in N.N- -

dimethylformamide was added 1,1"-thiocarbonyldiimidazole -
(90%, 12.7 g, 64 mmol). The resulting mixture was stirred and.

heated on a steam bath for 30 min. During this time all of the
solid dissolved and a new solid began to precipitate from the
solution. After the mixture was cooled to ambient temperature,

the resulting solid was collected by vacuum filiration, washed .
with acetone, and dried to provide 13.2 g (88%) of unpurified -

17 as a pale-yellow, crystalline solid. Unpurified 17 (18.0 g,

70 mmol), from several sources, was dissolved in a solution of -

25% sodium methoxide in methanol (21.6.g; 100 mmol} and. -

methanol (100 mL). To the solution was added methyl iodide
(14.2 g, 100 mmol). The resulting solution was maintained at

ambient temperature for 18—20 h. The solution was acidified

with acetic acid and concentrated in vacuo. The resulting
residue was slurried in water to give an oily suspension that

was extracted with-ethyl acetate. The combined extracts were -

washed with water, dried over magnesium sulfate, filtered,
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and concentrated in vacuo to vield 17.7 g of unpurified product
as a tan solid. Recrystallization from tert-butyl methyl ether
gave 10.4 g (55%) of analytically pure product as tan crystals:
mp 108-111 °C; "H NMR (300 MHz, CDCly) 6 9.27 (s, 1 H),
8.25 (dd, J = 1.6, 8.4 Hz, 1 H), 8.09 (dd, J = 1.1, 7.9 Hz, 1 H),
7.63(m, 2 H), 4.29(d,J = 7.6 Hz, 2 H), 2.85 (s, 3 H), 2.40 (m,
1H), 104, J=67Hz 6H. Andl Calcd for CsH7NsS: C,
66.39; H, 6. dl N, 15.48. Found: C, 65.83; H, 6.26; N. 15.25.

2-Methanesulfonyl-1-(2- methylpropyl)-1H—imidazo[4,5-
clquinoline (19). A solution of KMnO, (1.0 g, 6.3 mmol) in
H.0 (35 mL) was added dropwise to a stirred solution of 18
(1.0 g, 3.7 mmol) in glacial acetic acid (15 mL) at ambient
temperature. A slight exotherm was observed, and the mixture
turned dark-brown. After the mixture was stirred at ambient
temperature for 3 h. TLC analysis (10% methanol/ethyl
acetate) showed no remaining starting material. To the dark
mixture was added solid NaHSO, until the mixture was
decolorized. The mixture was diluted with water, and the
product was extracted into dichloromethane. The combined
extracts were washed successively with water and saturated
agueous NaHCOQOy, dried over magnesium sulfate, filtered, and
concentrated in vacuo to give 0.9 g (80%) of unpurified product
as a colorless solid. Recrystallization from ether gave an
analytically pure sample of 19 as a colorless solid: mp-134-
136 °C; ‘H‘ \1\’[}\(%00 MHz, CDCly) o 9 34(s, 1 H), 8.33(dd, J
7.79 (ddd,
.I'"14 71,82H/ IH) /72(ddd J=1. 5 7.0, 83Hz,1H),
4.85(d, J = 7.7 Hz, 2 1), 3.63 (s, 3 H), 2.51 ‘(m, 1H), 1.05 (d,
J = 6.7 Hz, 6 H). Anal. Calcd for (,mH], :0-S: C, 59.39; H,
5.65; N, 13.85. Found: C, 59.26; H, 5.57; N, 13.73.

1-(2-Methylpropyl)-2- phenoxy-lll—1m1daao[4,5 clquin-
oline (20). A solution of 19 (3.0 g, 9.9 mmol) and potassium
phenoxide (1.6 g, 12 mmol) in N, N-dimethylformamide (50 mL)
was refluxed for 1 h. The solution was cooled to ambient
temperature and diluted with a large volume of water to
precipitate the product. The solid was collected by filtration,
washed with water, and dried to vield 2.3 g (73%) of unpurified
product that was recrystallized from ether to yield an analyti-
cally pure sample as a colorless solid: mp 111-112 °C; *H
NMR (300 MHz, CDCl2Y 6 9.17 (s, 1 FD, 8.24 (dd, J = 2.2, 74
Hz, 1 H), S]O(dd J =22, 74Hz 1 II) 7.69— 7a9(m 4 H),
751 739(m 2 H), 7.31 (m, 1 Hj, 4.41(d, J = 7.6 Hz, 2 H),
2.46 (m, 1 H), 1.12 d, J = 6.7 Hz, 6 H). Anal. Calcd for
CunHyuN;O: C, 75.69; H 6.03; N, 13.24. Found: C, 75.40; H,
6.04; N, 13.16.

1-(2- Methylpr()pyl)-2-phen‘0xy-1H-1m1dazo[4,o—c]qu1n-
olin-4-amine (59). A solution 0of 20 (1.2 g, 3.8 mmol) in methyl
acetate (15 mL) was.refluxed with peracetic acid (32% active
oxygen. 1.1 g, 4.5 mmal) for 1 h. Additional peracetic acid (330
mg, 1.4 mmol) was added, and heating was continued for an
additional 4 h. The mixture stood at ambient temperature
overnight. The resulting solid was collected by vacuum filtra-
tion to give 1.2 g (95%) of unpurified 21 as a white powder.
The unpurified N-oxide (1.2 g, 3.6 mmol) and concentrated
NH.OH (10 ml) were added to dichloromethane (20 mL), and
the mixture was stirred vigorously at ambient temperature.
p-Toluenesulfonyl chloride (0.76 g, 4.0 mmol) dissolved in
dichloromethane (10 mL) was added dropwise to the vigorously
stirred mixture at ambient temperature. An exotherm was
observed. and the mixture turned yellow. The mixture was
stirred at ambient temperature for 4 h and diluted with
dichloromethane (50 mL). The organic phase was separated,
washed with water, dried over magnesium sulfate, filtered,
and concentrated in vacuo to give 1.1 g (92%) of the unpurified
product that was recrystallized from toluene to give 0.9 g (75%)
of product. A second recr yﬂtal] ization from methanol provided
analytically pure material as pale-yellow crystals: mp 184~
186 °C; "H NMR (300 MHz, CDCly) 6 7.89 (dd, J = 1.0, 8.2
Hz, 1 H), 7.81 (dd, J = 0.9, 8.4 Hz, 1 H), 7.53~7.21 (m, 7 H),
527 (brs, 2 H), 4.31(d,J = 7.6 Hz, 2. H), 2.40 (m, 1 H), 1.07
(d,J = 6.7 Hz, 6 H). Anal. Calcd for CH2N,O: C, 72.27; H,
6.06; N, 16.85. Found: C, 72.45; H, 6.10; N, 16.90.

4-Methoxy-1-(2-methylpropyD)-1H-imidazo{4,5-clquin-
oline (61). To a solution of 7 (2.1 g, 8.1 mmol) in methanol
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(aO mL) was added 25% methanolic sodium methoxide (11
53.2 mmol}, and the solution was refluxed for 4 h.
solutlon was then concentrated in vacuo, and the residue was
mixed with water. The oily residue solidified rapidly and was
collected by vacuum filtration, washed with water, and par-
tially dried. The solid was dlsqolved in ether, dried over
magnesium sulfate, and filtered. The resulting ether soluhon
was diluted with hexanes, and the total volume was reduced
under vacuum until cry. stallization was initiated. Afterstand-
ing at ambient temperature for 15-30 min, the solid was
colloctcd by vacuum filtration, washed with hexano: and dried
to give 1.4 g (68%) of product as a light-yellow solid: mp 111
114 °C; 'H NMR (300 MHz, CDCly) 6 8.03-7.97 (m, 2 H), 7.81
(b,lH) 7.59 (t,J = 8.4 Hz, 1 H), 7.46 (t, J = 7.2 Hz, 1 H),
431(d,J=74Hz 2H), 4.26 (s, 3 H), 2.35 (m, 1 H), 1.03 (d,
J=16.7Hz, 6 H). Anal. Caled for C15H1:N30: C, 70.56; H 6.71;
N, 16.46. Found: C, 70.37; H, 6.89; N, 16.51.
1,5-Dihydro-1-(2-methylpropyl)-4H-imidazo[4,5-clquin-
olin-4-one (63). A solution of 7 (20.0 g, 77.0 mmol) in 6 N
HCI (200 mL) was refluxed for 1 h and cooled to ambient
temperature. A small amount of dark, gummy material
separated and was removed by vacuum filtration. The filtrate
was diluted with water (500 mL) and made basic with
concentrated aqueous NH,OH to precipitate the product. The
solid was collected by vacuum filtration, washed successively
with water, ethanol, and ethyl acetate, and dried to give 16.0
gof unpur1f1ed product as an off-white solid. Recrystallization
from methanol gave 13.3 g (72%) of analytically pure product:
mp >300 °C; *H NMR (300 MHz, DMSO-ds) é 11.59 (s, 1 H),
8.13 (s, 1 Hj, 7.96 (d, J"81HZ 1 H), 7.51-7.43 (m, 2 H),
7.29 (m, 1 H), 4.38 (d, J = 7.5 Hz, ZH) 13 (m, 1 H), 0.91 (4,
J = 6.6 Hz, 6 H). Anal. Caled for C14H1sN;O: C, 69.69; H, 6,27;
N, 17.41. Found: C,69.70; H, 6.2; N, 17.4.
4-Amino-1-(2-methylpropyl)-1H-imidazol4,5-clquinolin-
8-0l (72). A mixture of 71 (3.8 g, 14.1 mmol) and 48%
hydrobromic acid (50 mL) was refluxed for approximately 18
h. The cooled solution was diluted with water and neutralized
with concentrated ammonium hydroxide. The precipitated
product was collected by vacuum filtration, washed with water,
and dried. The solid was dissolved in dilute aqueous hydro-
chloric acid, and the resulting solution was treated with
charcoal and filtered through a filter aid pad. The filtrate was
treated with saturated aqueous sodium bicarbonate to pre-
cipitate a solid that was collected by vacuum filtration. The
solid was washed thoroughly with water and dried to yield
3.1 g (85%) of product as a colorless solid: mp 202—205 °C;
TH NMR (300 MHz, DMSO-ds) ¢ 9.48 (br s, 1 H), 8.03 (s, 1 H),
7.81(d,J =88Hz 1H),696(s, 1 H),6.80(d,J=88Hz1
H), 6.43 (s, 2 H), 4.31(d, J = 7.4 Hz, 2 H), 2.15 (m, 1 H), 0.91
d, J = 6.6 Hz, 6 H). Anal. Caled for C14aHsN4,0-1.3H;0: C,
60. 11; H, 6.70; N, 20.03. Found: C, 59.82; H, 6.72; N, 20.03.
S-Bromo-1-(2-methy1pr0py])-1H-imidazo[4,5-c]quino~’
lin-4-amine (74). Bromine (10.0 g, 62.4 mmol) was added in
a slow stream to a suspension of 26 (10.0 g, 41.6 mmol) in
acetic acid at ambient temperature, and the mixture was
stirred for 18 h. The resulting solid was collected by vacuum
filtration, pressed partially dry, and then suspended in a.
saturated aqueous sodium bisulfite solution. The mixture was.
made strongly basic with aqueous sodium hydroxide. The-
resulting colorless solid was collected by vacuum filtration,
washed thoroughly with water, and dried. The solid was added
to methanol, and the mixture was stirred at ambient temper- |
ature for 18—24 h and collected by vacuum filtration. The solid
was recrystallized from N,N-dimethylformamide to give 3.5 g
(26%) of analytically pure preduct: mp 221-223 °C; 'H NMR -
(300 MHz, DMSO-ds) 6 8.24 (s, 1 H), 8.06 (s, 1 H), 756 (s, 1 -
H), 755(% 1H), 6.81 (brs, 2H),441(d,J ="73Hz 2 H),
2.07-2.21 (m, 1 H), 0.94 (4, J = 6.7 Hz, 8 H). Anal. Calcd for
CHisBrNg: C, 52.68; H, 4.74; N, 17.55. Found: C, 52.78; H,
4.73; N, 18.08.
1-(2-Methylpropyl)-8-nitro-1H-imidazo[4,5-c]lquinolin-
4.amine (75). A solution of 26 (24.0 g, 0.1 mol) in sulfuric
acid (150 mL) was prepared by gradual addition of 26 to the
sulfuric acid at 35 °C or less. To the solution was added
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dropwise 70% nitric acid (10.0 g, 0.11 mol), dissolved in 20
mL of sulfuric acid, with vigorous stirring at 256—30 °C over a
period of 15 min. The solution was stirred at ambient tem-
perature for 30 min and poured over ice with stirring. The ice
mixture was made basic with a 50% aqueous sodium hydroxide
solution while maintaining the temperature at less than 45
°C by the addition of ice. The yellow mixture was stirred at
ambient temperature for 1 h, and the solid was collected by
vacuum filtration. The yellow solid was washed successively
with hot water, methanol, and acetone. The semidry solid was
suspended in N,N-dimethylformamide (400 mlL), and the
mixture was heated to ~100 °C and cooled slowly to ambient
temperature. The resulting solid was collected by vacuum
filtration, washed successively with N, N-dimethylformamide,
methanol, and acetone and dried to yield 22.2 g (78%) of
unpurified product as a bright-yellow solid. A 2.5 g sample of
the unpurified product was recrystallized from N,N-dimeth-
ylformamide to yield 2.4 g (36% recovery) of analytically pure
product as bright-yellow platelets: mp >250 °C; 'H NMR (300
MHz, DMSO-ds) 6 8.81 (d,J = 2.5 Hz, 1 H), 8.34 (s, 1 H), 8.22
(dd, J = 2.5, 9.2 Hz, 1 H), 7.68 (d, J = 9.2 Hz, 1 H), 7.45 (br
s, 2H), 447(d,J=7.2Hz, 2H), 224 (m, 1 H), 099, J =
6.6 Hz, 6 H). Anal. Calcd for C14H3sN;02: C, 58.94; H, 5.30;
N, 24.55. Found: C, 58.88; H, 5.14; N, 24.73.
1-(2-Methylpropyl)-1H-imidazo[4,5-c]quinoline-4,8-di-
amine {76). To a well-stirred mixture of 75 (17.1 g, 0.06 mol)
m ethanol (500 mL) was added concentrated hydrochloric acid
(100 mL). Stannous chloride (45.1 g, 0.23 mol), dissolved in
water (70 mL), was added to the stirred mixture. The mixture
was heated at reflux for 1 h, and an additional 7.7 g (0.04 mol)
of stannous chloride was added to the hot mixture. Heating
was continued for an additional 30 min, and the mixture was
concentrated in vacue to a thick paste. The residue was
dissolved in water (500 mL), and a colorless solid precipitated
as the solution was made strongly basic with 50% aqueous
sodium hydroxide. After the mixture was stirred for 30 min,
the solid was collected by vacuum filtration, washed with hot
water and methanol, and pressed partially dry. The moist solid
was dissolved in dilute hydrochloric acid (1 L), and the product
was reprecipitated by the addition of excess aqueous sodium
hydroxide. The solid was collected by vacuum filtration,
washed successively with hot water, ethanol, and acetone, and
dried to yield 13.6 g (89%) of unpurified product as a white
powder. This material was pure enough for further use.
Recrystallization of 4.0 g of the solid from methanol/dichlo-
romethane gave 2.2 g of analytically pure product as a light-
tan solid: mp 277—-282 °C; *H NMR (300 MHz, DMSO-ds) ¢
8.07 (s, 1 H), 7.36 (d, J = 8.8 Hz, 1 H), 7.12(d, J = 2.3 Hz, 1
H), 6.84 (dd, J = 2.3, 8.8 Hz, 1 H), 5.99 (s, 2 H), 5.05 (s, 2 H),
4.29(d, J = 7.4,2 H),2.16 (m, 1 H), 0.93 (d, J = 6.6 Hz, 6 H).
Anal. Caled for C14Hi:Ns: C, 65.86; H, 6.71; N, 27.43. Found:
C, 65.59; H, 6.78; N, 27.54.
8-Chloro-1-(2-methylpropyl)-1H-imidazo[4,5-c]quino-
lin-4-amine (77). Copper(I) chloride was freshly prepared by
the following procedure: sodium chloride (366 mg, 6.25 mniol)
was added to a solution of copper(II) sulfate pentahydrate (1.49
g, 6.00 mmol) in water (5 mL). The blue solution was cooled
to 0 °C and treated with a solution of sodium bisulfite (624
mg, 6.00 mmol) dissolved in 4 mL of water. After the mixture
was stirred for 10 min, the blue color had disappeared and
copper(I) chloride had precipitated as a white solid. The
aqueous portion was decanted, and the remaining white solid
was washed with three small portions of water. The solid was
then dissolved in 7.5 mL of concentrated hydrochloric acid,
and the solution was set aside at 0 °C. In a separate flask,
compound 76 (1.13 g, 4.43 mmol) was dissolved in 42 mL of
2.0 M HCI and cooled to —5 °C. The stirred solution was
treated by the dropwise addition of sodium nitrite (336 mg,
4.87 mmol), which was dissolved in 4 mL of water, over a 15
min period. The resulting yellow suspension was then slowly
added to the stirred copper(I) chloride solution at 0 °C. Rapid
foaming was observed. After addition was complete, the
reaction mixture was allowed to warm to ambient temperature
and was then heated to reflux for 90 min. The reaction mixture
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was then cooled to 0 °C and made basic by the addition of
concentrated ammonium hydroxide to give a rust-colored solid.
The solid was removed by filtration and treated with hot
chloroform (100 mL). The hot solution was filtered to remove
solids, and the filtrate was concentrated to give 1.05 g of an
orange solid. The solid was dissolved in a minimum amount
of chloroform and applied to column of silica gel (3 ecm x 10
cm). Elution with chloroform followed by 2% ethanol in
chloroform gave 0.55 g of the desired product (43%) as a yellow
powder. Recrystallization from propyl acetate provided 0.35 g
(27%) of analytically pure product as yellow crystals: mp 222~
225 °C; TH NMR (300 MHz, CDCl3) 8.23 (s, 1 H),7.93 d, J =
23 Hz, 1H),761(d,J=89Hz 1H),7.45(dd,J=2.3,89
Hz,1H),6.75(s,2H),4.41(d,JJ = 7.3 Hz, 2H), 2.14 (mm, 1 H),
0.93(d, J = 6.6 Hz, 6 H). Anal. Calcd for C1,Hi;CIN,: C, 61.20;
H, 5.50; N, 20.39. Found: C, 60.99; H, 5.68; N, 20.48.
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in vitro activity

Imidazoquinoxaline and pyrazoloquinoxaline derivatives, analogues of imiquimod, were synthesized,
and their in vitro cytotoxic and pharmacodynamic activities were evaluated. In vitro cytotoxicity studies
were assessed against melanoma (A375, M4Be, RPMI-7591), colon (1LS174T), breast (MCF7), and lym-
phoma (Raji) human cancer cell lines. In vivo studies were carried out in M4Be xenografted athymic mice.
EAPR0103, EAPR0201, EAPB0202, and EAPB0203 showed significant in vitro activities against A375
compared to fotemustine and imiquimod used as references. These compounds were 6-110 and 2~45
times more active than fotemustine and imiquimod, respectively. EAPB0203 bearing phenethyl as sub-
stituent at position 1 and methylamine at position 4 showed the highest activity. EAPB0203 has alsd a
more potent cytotoxic activity than imiquimod and fotemustine in M4Be and RPMI-7591 and interesting
cytotoxic activity in other tumor cell lines tested. In vivo, EAPB0203 treatment schedules caused a sig-
nificant decrease in tumor size compared to vehicle control and fotemustine treatments,

Pharmacodynamic evaiuation

©® 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Imiquimod, an imidazoquinoline amine, is an immunomodulat-
ing agent approved in 1997 by the U.S Food and Drugs Administra-
tion for treating external genital and peri-anal warts.'= In murine
animal models, imiquimod has proven its efficacy in a variety of
transplantable tumors including colon carcinomas, melanomas,
lung sarcomas, mammary, and bladder carcinomas.? It has shown
activities toward basal cell carcinomas (BCC),3# actinic keratos-
es,*% and some melanoma metastases,® 2 and its therapeutic spec-
trum was extended to cutancous B-cell lymphomas.’®

Extensive studies over the past years indicated that imiquimod
acts both: (i) indirectly, by activating the innate as well as the
adaptive immune system via binding to cell surface receptors such
as Toll-like receptors (TLR) 7 and 8, thereby inducing the activation
of transcription factors like nuclear factor NF-xB and resulting in
the secretion of pro-inflammatory cytokines predominantly inter-
feron (IFN)-a, tumor necrosis factor (TNF)-o and interleukin (1L)-
12,2 and (ii) directly. by inducing direct in vitro and in vivo
pro-apoptotic activities in a rather tumor selective manner,'*314

" Corresponding author. Tel: £33 4 67548665/8640; fax.: +33 4 67548036.
Z-mail address: carine.masquefa@univ-montp1.fr (C. Deleuze-Masquefa).
' These authors contributed equally to this work.
0968-0896/$ - sce [ront matter © 2008 Elsevier Ltd. All rights reserved.
d¢0i:10.1016/j.bmc.2008.05.022

requiring the activation of the ‘work horses’ of apoptosis, the casp-
ases' family of proteases.

Responsible of several thousand deaths each year, melanoma is
the most frequent malignant tumor in the white human population
worldwide. Its frequency increases dramatically with age and
chronic sun expostire. INF-q, IL-2, some chemotherapeutic drugs,
and tumor-directed vaccination have been evaluated in clinical tri-
als. All of these approaches, unfortunately, met with rather limited
success. Given the limited effectiveness of a large variety of con-
ventional anti-cancer drugs in the treatment of melanoma such
as various chemo-andjor immunotherapies, novel approaches or
drugs selectively targeting melanoma cells are urgently needed.

> g °
N N N
S oy
~ /o—rr:o e]
P CH/ o.
N NH, C,H,
imiquimod fotemustine

Figure 1. Chemical structures of imiquimod and fotemustine.
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This study was related to the pharmacochemistry of nitrogen
heterocycles. The aim of this paper was to synthesize and to devel-
op three chemical series, analogues of imiquimod (Fig. 1): the imi-
dazo[1,2-a]quinoxalines, the imidazo[1,5-a]quinoxalines, and the
pyrazolo[1,5-ajquinoxalines, in order to evaluate their potential
anti-cancer properties, in vitro against a variety of human cancer
cell lines, and in vivo on melanoma by comparison with fotemus-
tine (Fig. 1), one of the main drug used in clinic to treat human
melanoma.

2. Results
2.1. Chemistry

2.1.1. Library synthesis

For the preparation of the 1H-imidazo[1,5-a]quinoxaline deriv-
atives, the procedure presented in Scheme 1 was used. In general,
treatment of ortho-fluoronitrobenzene with imidazole and an ex-
cess of potassium carbonate formed compound 1 in 95% overall
yield. After halogenation with N-bromosuccinimide, compounds
3a and 3b were obtained through Suzuki cross-coupling reactions

NO,
NO HN&N N/\\
2 \ / N
— &
r——— e
a b
F 1
R, R

4a, 4b
5a, 5b

NH, >§N ! N
- @/N\) T/ Nz N/
d € @[ f ~ g pZ
y o

with yields of 94% and 54%, respectively. Attempted reduction of
the nitro group by hydrogenation resulted in the formation of 4a
and 4b with yields of 45% and 94%, respectively. The formation
of the tricyclic compounds 5a and 5b was obtained after addition
of carbonyldiimidazole by intramolecular cyclization of 4a and
4b, respectively. The chlorination of 5a and 5b by phosphorus oxy~
chloride and substitution by an adapted amine formed the 7a and
7b compounds with yields of 53% and 86%, respectively.

The synthesis of the 1H-pyrazolo|1,5-a]quinoxaline derivatives
is illustrated in Scheme 2.

Dimer 8 resulted from the bimolecular condensation of the 3-
isobutyl-1H-pyrazole-5-carboxylic acid, in presence of thionyl
chloride in 80% overall yield. Product 8 was coupled with orthoflu-
oroaniline to give the intermediate 9, with a yield of 46%. The tri-
cyclic compound 10 was obtained via an intramolecular cyclization
of 9 in the presence of sodium hydride and dimethylacetamide as
solvent with 80% yield. Treatment of compound 10 with phospho-
rus oxychloride yielded to 50% of compound 11 which was coupled
with methylamine (series a) and dimethylamine (series b) to form
12a and 12b with average yields of 75% and 85%, respectively. The
same strategy was applied to obtain the monosubstituted 1H-imi-

NO
NO. 2 /j
2 == —
N/t\N NYN
—_——
r 3

2 3,3 2 R,= Me
:Ry=Ph

N ci N NHCH,

6a, 6b 7a,7b

Scheme 1. Synthesis of 1H-imidazo[1,5-a]quinoxaline derivatives. Reagents and conditions: (a) MeCN, reflux; (b) NBS, MeCN, reflux; (¢) Ry-B{OH),, Na;CO3, DME, Pd(PPhs);

(d) Hp/Pd-C, EtOH; (e) Im2CO, PhCly, reflux; (I) POCls, reflux; (g) R'NH,, EtOH.

pusmy

N
/
N

{
— (L (X
N~ "0
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a:R'=CH,, R"=H
b : R=R"=CH,

1" 12a,12b

Scheme 2. Synthesis of 1H-pyrazolo[1,5-a]quinoxaline derivatives. Reagents and conditions: (a) SOCI, reflux, 18 h; (b) NaHMDS, THF, 5 h: (¢) NaH. DMA, reflux, 10 h; (d)

POCl;, reflux, 6 h; (e) EtOH, RR“NH, 20 h, rt.
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All synthesized compounds with their corresponding pi(; ‘a
logP calculated values are presented in Table 1. The 1H-imi-

0 F /=N

/\’)J\ F AN A
= N -
NH N A NH, —_—

dazo|1,5-alquinoxalines 17a and 17b starting from imidazole-4-
carboxylic acid (Scheme 3).

>
2

N
’}___/ a \\/NW b NH o) c
HOOC 5 » ‘
13 .
= N [~
N S NP7 N~
O O
N” o d N © N™ “NRR"
s . 178, 176 3 R =CHy R'=H

b:R'=R"=CH,

Scheme 3. New synthesis of the monosubstituted 1H-imidazo[1,5-a]quinoxaline derivatives. Reagents and conditions: (a) SOCl; reflux, 18 h; (b) NaHMDS, THF, 5 h; (c) ITlaH.
DMA, reflux, 10 h: (d) POCly, reflux, 6 h; (e) EtOH, RR"NH, 20 h, rt.

Table 1
1H-Imidazo[1,5-a]quinoxaline, 1H-imidazo[1.2-a]quinoxaline and 1#-pyrazolo[1.5-alquinoxaline: formulas and in vitro cytotoxic activities against A375 human melanoma cell
hine
R, R, R, !
};\ \7—;:N N=—
/
NN N/ N/
—~ ~ R ~ T
N R4 N 4 N R)4
Imidazol [.2-alquinoxaline Imidazo[1,5-a]quinoxaline Pyrazolo[1,5-alquinoxaline
Compounds R, R4 Formula 1Csp (:M)? against A375 cell line P, LogP’
imidazof 1,2-ajquinoxalines
EAPBO103 (CHy);~CH-CH,— CH3-NH- CsHigNg 316+2.0 5.61+0.4 3.91£1.42
EAPB0203 CoHs(CHy ) CH3-NH- CroH1sNg 1.57 £ 0.56 5.61%0.4 491£1.42
EAPBO202 Celig=(CHz )~ NHy~ CigHigNs 2352013 5.13+£04 497142
EAPB0201 Cetls—(CHy)— Cl- CigH14CINg 24.0+0.5 ~1.57+04 453+1.27
EAPB0104 (CH3)p~CH-CHy~ (CH3)y~N- CigHagN, 66375 573+t04 333+1.42
EAPB0204 CoHs—(CHy)p— (CHs)-N- CaoHaoNg 80.1£7.0 5.73 £ 0.4 43241.42
EAPPB0206 Cetls—(CHy)2- OCH; CigH17N30 478 +5.0 08504 456 +1.42
]
EAPBO105 (CH3);~CH-CH,~ -N CaqH21CINg >400 2.25+04 456142
t
Cl
i
i
EAPB0205 CeHs—(CHa )o~ -N Cys5Hy, CIN, 329+63 2.25+04 7.25%1.43
. A Ci ‘
Imidazo[1,5-ajquinoxalines
17a i CH3~NH-~ CyyH1oNg 853+7.0 6.50 + 0.4 093k 1.07
17b H (CH3)p-N- CiaH Ny 121217 6.62 +0.4 0.95+1.08
7a CeHs- CHy~NH- CiyHiaNg >400 6.45+04 3.38+£1.09
7b Cy- CHy-NH~ CiaHiaNg 1009 73304 1.191x 1.08
Pyrazolof1.5-a[quinoxalines .
12a (CH3)a-CH-Ciip— CH3-NH- CisHqgNy 78.6+738 620104 3.38+1.06
12b {CHa)p~CH-CHy- (CH3);-N— CigtlapN4 101 x5 6.32+0.4 3.40:£1.06
Imiquimod 703+43 .
Fotemustine 173 %24

1 1Cyp. concentration of the compound (uM) producing 50% cell growth inhibition after 96 h of drug exposure, as determined by the MTT assay. Each experiment was run at
least three times, and the results are presented as average values + standard deviation.
* pk, and logP values are calculated using the ACDIabs software.
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dazo[1,2-a]quinoxaline substituted derivatives were obtained as
previously described.'®

2.1.2. In vitro biological activity

All compounds were firstly evaluated for their cytotoxic activity
in vitro against the A375 human melanoma cell line by comparison
with imiquimod and fotemustine used as references. Concentra-
tions of the compounds which produced 50% cell growth inhibition
(ICsp values) are summarized in Table 1 for the imidazo- and
pyrazoloquinoxaline compounds, and for fotemustine and imiqui-
mod. Among the compounds tested, EAPB0203 (1Csp = 1.57 uM)
and EAPB0202 (IC5o=2.35 uM) exhibited the highest cytotoxic
activities. EAPB0203 containing phenethyle as substituent at posi-
tion 1 and methylamine at position 4 was the ‘lead’ compound
with an activity against A375 cell line 110 times higher than fote-
mustine (ICsp=173 uM) and 45 times higher than imiquimod
(IC50 =70 uM). The EAPB0202 (R,=phenethyl and R,=amine)
had an activity very close to that of EAPB0203 (almost 2 times
more active than EAPB0202) with an 1Cso value 70 times lower
than fotemustine and 30 times lower than imiquimod. The
EAPB0103 compound having isobutyle at position 1 and methyl-
amine at position 4 exhibited an interesting activity; this com-
pound is 7 times more active than fotemustine and 3 times more
active than imiquimod. The EAPB0201 (R, =phenethyl and
R, = chloro) also presents a good cytotoxic activity, this compound
is 2 and 6 times more active than imiquimod and fotemustine,
respectively. The other compounds, substituted or unsubstituted
at position 1 and bearing dimethylamine or chloromethylaniline
as substituent at position 4, are less potent and have ICsg values be-
tween 20 and 300 pM. The cytotoxic activities of 7a and EAPB0105
have not been evaluated due to the very low solubility of these
compounds in the culture medium. The pyrazolo[1,5-a]quinoxa-
line analogue 12a showed similar activity than imiquimod.

Since EAPB0203 exhibited the highest activity against the A375
melanoma cell line, we further evaluated its cytotoxic activity
against the following human cell lines: M4Be and RPMI-7591 (mel-
anoma), 1.5174T (colon cancer), MCF7 (breast cancer), and Raji (B
lymphoma). The 1Csq values are illustrated in Table 2. The most
interesting results were obtained on M4Be and RMPI-7591.
EAPBO0203 exhibited cytotoxic activity 30-130 times higher than
fotemustine, with 1Csq values of 2.58 and 4.23 uM, respectively.
In addition EAPB0203 showed a cytotoxic activity (3 times less po-
tent) similar to irinotecan on LS174T cell line.

2.1.3. In vivo activity

The 50% lethal dose (LDsg) of EAPB0203 was determined, in
Swiss mice, after intraperitoneal administrations at doses ranging
from 30 to 300 mg/kg. At the highest doses, EAPB0203 appeared
to be non toxic.

Previous studies have shown that EAPB0203 is a potent in vitro
growth inhibitor for human melanoma cell lines with a cytotoxic

Table 2

activity higher than fotemustine used as reference. To further eval-
uate the in vivo induction of melanoma death by EAPB0203 we
proceeded as described in materials and methods. Tumor size is
the most common parameter used to assess effective anti-cancer
treatment in preclinical models. The EAPB0203 treatments were
well tolerated without apparent side-effects or weight losses. As
expected, M4Be xenografts grew progressively using the vehicle
control. In contrast, in mice treated with EAPB0203 or fotemustine,
a highly significant delay in tumor growth was observed (Fig. 2). At
highest doses (20 mg/kg), from day 18 to day 55, the simple con-
trast test showed a high significant difference in tumor growth be-
tween the EAPB0203 and the control groups (P values ranging
from 0.0026 to 0.00004). Lower significant differences were ob-
served between the fotemustine and the control groups (not signif-
icant at days 18 through 24, 34, 37, and 55; and P: 0.014 to 0.0024
at days 27, 31, 41 through 51). Most interesting, EAPB0203 treat-
ment produced a statistically significant decrease in tumor growth
at days 21, 24, 41, and 44 compared to the fotemustine treatment.
Results are presented in Figure 2. At low doses (5 mg/kg), the vari-
ations in tumor growth according to the treatment group have the
same profile than at high doses (data not shown) but lower signif-
icant differences were observed. Between fotemustine and
EAPB0203, significant difference occurred on day 34.

Efficacy of treatment is dose-related. In mice receiving
EAPBO0203, the decrease in tumor growth was statistically higher
on days 18 (P=0.026). 21 (P=0.0058), 24 (P=0.0073), 31
(P=0.0033), and 34 (P=0.016) at the 20 mg/kg dose than at the
5 mg/kg dose. In animals treated by fotemustine, significant differ-
ences occurred at days 24 (P=0.017), 27 (P=0.019), 31
(P=0.0046), and 34 (P=0.0052).

In the control group, all mice were sacrificed on day 55. in the
fotemustine group (20 mg/kg), all mice were killed on day 76, since
tumor volumes were superior to 2 cm?, while in the EAPB0203
group (20 mg/fkg), one mouse (1/6) was still alive with a tumor vol-
ume less than 2 cm? (the limit fixed by the protocol).

3. Discussion

Imiquimod is a low-molecular-weight immune response modi-
fier that can induce the synthesis of interferon-o and other cyto-
kines in a variety of cell types. Imiquimod has potent anti-viral
and anti-tumor properties. Several mechanisms by which this
compound exerts its activity have been mentioned. Many stud-
ies'’%17 show that imiquimod activates immune cells via the
Toll-like receptor 7 (TLR7)-MyD88-dependent signalling pathways.
Based on some reports'#!® of apoptosis in skin cancer, imiquimod
exerts a direct pro-apoptotic effect against human melanoma. It is
able to induce apoptosis in malignant melanoma cells both in vitro
and in vivo in a rather tumor-selective manner. Imiquimod-in-
duced apoptosis in tumor cells could not be antagonized by func-
tional blockage of various membrane-bound death receptors,

[Csp values for imiquimod, fotemustine, methotrexate, irinotecan, doxorubicin, and EAPB0203 against A375, M4Be, and RMPI-7591 (melanoma cell lines), L5174T (colon cancer),

MCF7 (breast cancer), and Raji (B lymphoma) human cell lines

Compounds IC50 (1M

A375 M4Be RPMI-7591 MCF7 LS174T Raji
Fotemustine 173224 32634 12549
Doxorubicin 0.13+0.01
Irinotecan 1.16 £ 0.07
Methotrexate ) 0.04 +0.005
Irniquimod 70343 335+7.7 53.7t9.8 145 +7 34.4+97 139+£12
EAPB0203 157 +0.56 2.58 +0.40 4.23+048 1.08 £ 0.46 4.12 + 0.67 6.23 +0.06

* 1Csp, concentration of the compounds (uM) producing 50% cell growth inhibition after 96 h of drug exposure, as determined by the MTT assay. Each experiment was run at

least three times, and the results are presented as average values + standard deviation.



5

'y

G. Maarbess et al./Bioorg, Med. Chem. 16 (2008) 6601-6610 6

2400 -

2000 4

1600 +

1200 -

800

Tumor Volume (mm3)

s

ab? > 4000 mm®

1
et t

! t

T T T T T T T H T T T T T T ¥ T T ¥ T 3
114 18 21 24 27 31 34 37 41 44 48 51 55 58 62 66 69 73 76

N

‘Tf‘f Days

Cycle 2 |

Figure 2. Effcets of fotemustine {20 mg/kg once a week for 3 weeks) and E /\l’80203 (20 mg/kg twice a week for 3 weeks) on tumor growth (ab?)in xenografted nude mice by

M4Be melanoma cell lines. §, fotemustine and EAPB0203 administrations;

, EAPB0203 administrations 4, control mice; M, EAPB0203; e, fotemustine. Data are the mean of

one experiment carrvied out on six mice. Error bars represent SEM. Signiﬁcam difference between the 3 treatment groups: *, P < 0.05; **, 0.002 < P < 0.009; s+, P < 0.001.

including Fas/APO-1 (CD95), TRAIL, and TNF receptors, which sug-
gests that imiquimod-inducing apoptosis is independent from
apoptosis mediated by membrane-bound death receptors. Its tu-
mor-selective pro-apoptotic activity is correlated with transloca-
tion of cytochrome ¢ from the mitochondria to the cytosol by
shifting the mitochondria-associated Bcl-2/Bax ratio, and activat-
ing caspases 9 and 3. Imidazo[1,2-a]quinoxalines are imiquimod
analogues that inhibit cyclic nucleotide phosphodiesterase en-
7yimes 4.3 Furthermore, in studies on murine fibroblast 1.929 cells,
we recently showed that these imidazol1,2-a]quinoxalines acti-
vate the p38 MAPK pathway, and inhibit the PI3K pathway.'® Fur-
thermore, we recently demonstrated that one of these compounds
(EAPB0203) induced inhibition of cell proliferation, G2/M cell cycle
arrest, and apoptosis in HTLV-I transformed and HTLV-I-negative
malignant T cells as well in fresh adult T-cell leukaemia (ATL) cells,
while normal resting or activated T lymphocytes were resistant.
EAPBO0203 initiated the apoptotic process via the intrinsic cell
death pathway converging at the mitochondria.?!

In the present study, we report the synthesis and preliminary
pharmacological evaluation of a new series of imiquimod's ana-
logues, the imidazofpyrazoloquinoxaline derivatives. Imidazoquin-
oxalines were prepared via two different methods, the first one
previously described'® and the second one is presented in Scheme

The first method' was used to synthesize the imidazo[1,2-
alquinoxaline compounds which were obtained in seven steps in
good yields. The second method outlined in Scheme 1 was em-
ployed for the synthesis of the imidazo[1,5-a]Jquinoxaline com-
pounds. Using these two methods, a limited number of analogues
were obtained. Actually, the alkyl or aryl substitution at the Ry po-
sition must be done at the beginning steps of the synthesis leading
to a low variability in the moieties on the imidazole cycle. Like-
wise, the purifications after cach step caused further limitations
of the synthetic process. Our framework was to optimize the meth-
ods of synthesis (i) to obtain a common strategy for the three
chemical scries, (ii) to reduce the number of purification steps,
and (iii} to increase the structural diversity of these series essential
for the SAR studics. The procedure presented in Scheme 2 was used
to prepare the pyrazolo|1,5-alquinoxatine derivatives.?® This

method not only reduced the number of purification steps but also
led us to propose a new common and efficient route for» the prep-
aration of the unsubstituted imidazo[1,5-a]quinoxalines on the
imidazole core (Table 1) starting from the unsubstituted carboxylic
acid (Scheme 3). This new strategy also permitted the introduction
the R; substituent at the last steps of the procedure with different
commercial Suzuki cross coupling reagents (syntheses under
study, data not shown).

All compounds were screened in vitro against the| human mel-
anoma cell line A375. First, we assessed the influence of the sub-
stituent at the R, position by the introduction of four types of
amines with mcreasmg steric hmdrance EAPBOZOZ EAPB0203,

yras e,

Indeed, accessmxhty at the electronic doublet of the mtrogen on
this position of the heterocycle might be criticalfor activity,
thanks to the low steric bulk of this secondary amine. No signif-
icant differences were observed between the pK, and logP calcu-
lated values (Table 1) of this series of compounds which are all
substituted by an amino group at the R, position. We next fo-
cused our attention on the substitution on the imidazole core
with the objective to improve in vitro potency agamst A375 cells.
.We also explored the effect of the incorporation of a phenethyle
‘substituent at the Ry position. EAPB()203 bearing phenethyle on
Ry, significantly enhanced the activity’ (ICs = 1.57 pM) by creation
of an T1 interaction necessary for its binding. The improved bioac-
‘tivity of the EAPB0203 compound may be attributed to the addi-
tional effect and the synergy between the methylammo “and
phenéthyle groups in addltlon to the basic phar macophore that
mlght be deﬁned by the sequence of the three mtra yelic mtro-

; “1n a general way it is no-
ticed that the imi azo[l 2- a]qumoxalme derivatives have a better
activity than the two other series of compounds, but this still re-
mains to be proven by comparison with a larger variety of imi-
dazo-/pyrazolo[1,5-alquinoxaline derivatives.

Two drugs are approved in the European Union for treatment of
advanced or metastatic melanoma: dacarbazine and fotemustine.??
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Furthermore, imiquimod was recently approved for treatment of
different cutaneous cancers.

EAPB0203 displayed potent cellular cytotoxic activity with
micromolar 1Csg values against different human cancer cell lines
and was compared to fotemustine and imiquimod (Table 2). Upon
such encouraging results, EAPB0203 was selected for detailed in
vivo studies. In human melanoma (M4Be) xenografted athymic
mice, EAPB0203, administered twice a week at 20 mg/kg, has ap-
proached a significant delay in tumor growth and also a decrease
in tumor size compared to that of control and fotemustine groups
(Fig. 2). Interestingly, a stabilization and even an arrest in tumor
growth were observed after each treatment cycle. The efficacy of
treatment is dose-related. The EAPB0203 treatment was well tol-
erated without side-effects.

4. Conclusion

In this paper, we have reported the synthesis of imidazoquinox-
aline and pyrazoloquinoxaline derivatives, and their in vitro cyto-
toxic activity against human melanoma cell lines and the in vivo
anti-proliferative activity of the EAPB0203 derivative on mela-
noma. The synthesis was based on a bimolecular condensation of
a carboxylic acid, followed by a coupling with orthofluoroaniline,
an intramolecular cyclisation and a substitution with appropriate
amines. This strategy will be the starting point for the development
of other compounds. The incorporation of phenethyle as moiety at
the R; position and methylamine at the R4 position led to the
EAPB0203 compound with enhanced cytotoxic activity against
A375 human melanoma cell line. Its 1Csp (1.57 uM) was 110 times
lower than fotemustine (ICsp=173 uM), and EAPB0203 was 45
times more potent than imiquimod (1Csp =70 uM). Interestingly,
compared to imiquimod and fotemustine, this compound also
had lower ICsq values (30-130-fold) against the two other mela-
noma cell lines tested. in vivo, EAPB0203 had potent anti-tumor
activity on human melanoma (M4Be) xenografted nude mice.
Our results support a potential therapeutic role of EAPB0203 in
the treatment of malignant melanoma and prompt us to modulate
the chemical structure of this lead molecule to optimize its effect.
Further studies are now in progress to study the mode of action
and should lead to an interesting class of new anti-cancer drugs
with innovating mechanism of action.

5. Experimental
5.1. Chemistry

All solvents and reagents were obtained from commercial

sources and used without further purification unless indicated
" otherwise. 'H and '*C NMR spectra were recorded using a Bruker
AC 300 spectrometer. Chemical shifts are reported in parts per mil-
lion (ppm) from the tetramethylsilane resonance in the indicated
solvent. Coupling constants are reported in Hertz (Hz), spectral
splitting partners are designed as follow: singlet (s); doublet (d);
triplet (t); multiplet (m). Column chromatography was performed
on Merck silica gel 60 (200-400 mesh). Elemental analysis was car-
ried out at the Microanalytical Central Department (Montpellier,
France). All melting points are determined using kofler hot plate
melting point apparatus and are not corrected. pK, and logP vatues
are calculated using the ACDLabs software (Toronto, Canada).

5.1.1. 2-Chloro-1-isobutyl-6-methylphenyl-N-methylimidazo
[1,2-a]quinoxalin-4-amine (EAPB0105)

To a solution of 6-chloro-3-methylaniline (89 mg, 0.63 mmol)
in THF (12 ml), was added a solution of sodium bis(trimethyl-
silylyamide (4 mL, 4 mmol, 1.0 M in THF), and the reaction mixture

was heated to reflux for 0.5 h. The reaction mixture was cooled to
room femperature and the 4-chloro-1-isobutylimidazo[1,2-ajquin-
oxaline™ (150 mg, 0.5 mmol} in THF (10 mL) was added. The mix-
ture was again heated to reflux for 0.5 h and then cooled to room
temperature and stopped with acetic acid until pH 7. The reaction
mixture was concentrated in vacuum followed by addition of
water and saturated sodium bicarbonate. The solid was collected
by filtration, washed with water and hexane, and dried under high
vacuum to give EAPBO105 (110 mg, 60%); 'H NMR (300 MHz,
CDCls-dg): & 8.01 (t, 1H), 7.6 (m, 3H), 7.5 (d, 1H), 7.38 (d, 1H),
7.06 (s, 1H), 6.67 (t, 1H), 3.00 (t, 2H), 2.2 (m, 5H), 0.81 (t, 6H).
3¢ NMR (300 MHz, CDCl3): & 142.61, 140.68, 139.55, 131.44,
130.32, 129.71, 129.19, 128.07, 126.78, 126.27, 125.55, 123.44,
122.79, 114.36, 33.68, 32.75, 21.99, 18.10. Anal. calcd for
C21H,1CINg: € 69.13; H, 5.80; N, 15.35. Found: C, 69.33; H, 5.42;
N, 15.65.

5.1.2. 2-Chloro-6-methylphenyl-N-methyl-1-phenethylimidazo
[1,2-a]quinoxalin-4-amine (EAPB0205)

EAPB0205 was prepared with the same procedure as the one
for the preparation of EAPB0105; using 4-chloro-1-phenethylimi-
dazo|1,2-a]quinoxaline'® (200 mg, 0.65 mmol) in 10 ml of THF.
EAPB0205 was obtained as a white solid (120 mg, 45%); 'H NMR
(300 MHz, CDCls-dg): & 7.93 (d, 1H), 7.49 (d, 1H), 7,56 (m, 3H),
7.39 (d, 1H), 7.24 (m, 5H), 6.73 (t, 1H), 3.3 (. 4H), 2.23 (s, 1H).
3C NMR (300 MHz, CDCly): & 143.12, 142.57, 140.69, 139.77,
137.67, 131.44, 130.42, 130.12, 129.71, 129.19, 128.81, 126.78,
126.44, 126.27, 125.55, 124.38, 124.3, 114.22, 35.17, 23.83, 18.10.
Anal. calcd for C5H1CINg: C, 72.72; H, 5.13; N, 13.57. Found: C,
72.41; H, 5.38; N, 13.39.

5.1.3. 1-(2-Nitrophenyl)-1H-imidazole (1)

A mixture of 2-nitrofluorobenzene (14.85 ml., 0.142 mol), imid-
azole (14.9 g, 0.128 mol), and 40 g of K;CO; in 200 ml of CH3CN
was heated to reflux for 24 h. The solvent was removed under vac-
uum, and the residue was slurred in 200 ml of CH,Cl,, washed
twice with 200 mL of water, dried over Mg,SO,, and the solvent
was removed under vacuum. We obtained 95% of 1 as a yellow so-
lid. "H NMR (300 MHz, CDCl3): 4 9.12 (s, 1H), 7.58 (d, 1H), 7.42 (d,
1H), 7.37 (d, 1H), 7.26 (d, 1H), 7.10 (m, 311, ArH). Anal. calcd for -
CoHyN30: C, 57.14; H, 3.70; N, 22.22. Found: C, 56.99; H, 3.9; N,
22.06.

5.1.4. 2-Bromo-1-(2-nitrophenyl)-1H-imidazole (2)

To a solution of 1 (5 g, 0.27 mmol) in dry acetonitriie (250 ml.),
N-bromosuccinimide (5.65 g, 0.032 mmol) was added. The reaction
mixture was stirred to reflux for 3 h. The solvent was removed un-
der vacuum and the residue was slurred in 250 ml. of CH,Cl.;,
washed twice with a solution of 5% NaHCOj3, dried over MgSO,,
and purified by column chromatography (CH,Cl,-MeOH, 98:2, v/
v) to give 50% of 2. 'H NMR (300 MHz, CDCl3): 5 8.03 (d, 1H),
7.70 (d, 1H), 7.47 (t, 1H), 7.33 (d, 1H), 7.09 (m, 2H). Anal. calcd
for CgHgN3O,Br: C, 40.30; H, 2.24; N, 15.42. Found: C, 40.65; H,
2.01; N, 15.52.

5.1.5. 2-Methyl-1-(2-nitrophenyl)-1H-imidazole (3a)

To a mixture of 2 (2¢g, 7.46 mmol) and Pd(PPhs), (0.8 g
0.7 mmol) in 1,4-dioxane (34 ml)}, 1.4 mL of the trimethylboroxine
was added followed by Na;CO; (2.37 g, 22.38 mmol) in 5 mlL of
water. The reaction mixture was heated to 75 °C with vigorous stir--
ring under nitrogen atmosphere. After 24 h, a second portion of
trimethylboroxine was added. After that, the mixture was poured
into water and extracted with dichloromethane. The combined or- -
ganic extracts were washed with water, dried over calcium chlo-
ride, and concentrated to dryness under vacuum. The crude
products were purified by column chromatography (silica gel, elu-.

-
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tion with CH,ClL-MeOH, 97:7, v/v) to give 3a (yield, 94%). 'H NMR
(300 MHz, CDCly): & 7.40 (m, 2H), 7.22 (d, 1H), 7.11 (d, 1H), 7.01
(im, 2H), 2.3 {s. 3H). Anal. caled for CiollgN305: €, 59.11; H, 4.43;
N, 20.69. Found: C, 59.32; H, 4.65; N, 20.51.

5.1.6. 1-(2-Nitropheny!)-2-phenyl-1H-imidazole (3b)

3b was prepared from 2 following the protocol described for 3a
(i.e., from 2 (2 g, 7.46 mmol), Pd(PPhs)s (0.5 g, 0.4 mmol) in DME
(85 ml), 2 x 1g (16.4 mmol) of phenylboronic acid and Na»COs;
(2.37 g, 22.38 mmol) in 5 mL of water). The crude products were
purified by column chromatography (silica gel, elution with
CH,Cl=MeOH, 97:7. v/v) to give 3b (yield, 88%). ™M NMR
(300 Mtz CDCly): & 8.45 (dd, 2H), 7.60 (t, 1H), 7.57 (m, 2H), 7.40
(m, 5H), 7.02 (d, 1H). Anal. caled for CisHy1N3Oy: € 67.92; H,
4.15; N, 15.85. Found: C, 67.75; 11, 4.47; N, 15.70.

5.1.7. 2-(2-Methylimidazol-1-yl)phenylamine (4a)

Compound 3a (0.3 g 1.48 mmol) was dissolved in 20 ml. of eth-
anol with 0.3 g of 10% palladium on carbon and hydrogenated for
2 h. The catalyst was removed by filtration, and the residue con-
centrated under vacuum and purified by column chromatography
on silica gel using CH,Cl,-MeOH (97:3) as cluent to yield 43% of
4a. "H NMR (300 Mz, DMSO-dg): ¢ 7.36 (m, 2H), 7.03 (d, 1H),
6.90 (m, 2H), 6.79 (d, 1H), 2.1 (s, 3H). Anal. caled for CyoHq1N3: C,
69.36; H, 6.36; N, 24.28. Found: C, 69.5; H, 6.11; N, 24.12.

5.1.8. 2-(2-Phenylimidazol-1-yl)phenylamine (4b)

This compound was prepared as described for 4a to obtain 4b
(yield, 93%) (i.c., from 3b (1.31 g, 5 mmol), EtOH (60 mL), and
0.3 g of 10% palladium on carbon). '"H NMR (300 MHz, DMSO-dg):
§ 7.36 (m, 2H), 7.25 (m, 5H), 7.12 (t, 1H), 6.8 (m, 2H), 3.67 (s, 2H,
‘NH,). Anal. caled for Cy5t43N3: €, 76.59; H, 5.53; N, 17.97. Found:
C.76.72: 1, 5.34; N, 18.02.

5.1.9. 1-Methyl-5H-imidazo[1,5-alquinoxalin-4-one (5a)

Compound 4a (1.38g, 8 mmol) and carbonyldiimidazole
(1.55 g, 9.57 mmol) were dissolved in 83 ml of 1,2-dichloroben-
zene and heated to reflux under N, for 2 h, After cooling to room
temperature, the residue was slurred with CH,Cl,, washed with
water, and dried over MgS0,. The product was purified by chro-
matography on silica gel using CH,Cl,~-MeOH (97:3, v/v) as elu-
ent to give 62% of 5a. 'H NMR (300 MHz, DMSO-dg): ¢ 8.1 (d,
1H), 7.7 (s, 1H), 7.37 (m, 2H), 7.25 (t, 1H), 2.5 (s, 3H). Anal. calcd
for Cy1HgN3O: €, 68.38; H, 4.66; N, 16.09. Found: C, 68.49; H,
4.47; N, 16.20.

5.1.10. 1-Phenyl-5H-imidazo[1,5-a]quinoxalin-4-one (5b)

This compound was prepared as described for 5a, that is, from
4b (1.08 g, 4.6 mmol) and carbonyldiimidazole (0.9 g, 5.51 mmol)
in 56 ml of 1,2-dichlorobenzene. After cooling to room tempera-
ture, the solid was filtered and washed with diethylether to give
5b {yicld, 42%). "H NMR (300 MHz, DMSO-dg): 6 7.9 (s, 1H), 7.72
(m, 5H), 7.35 (m, 2H), 7.01 (d, 1H), 6.9 (t, TH). Anal. caled for
CigHl1IN3O: €, 73.31; H, 4.21; N, 16.09. Found: C, 73.42; H, 4.32;
N, 16.21.

5.1.11. 4-Chloro-1-methylimidazo[1,5-a]quinoxaline (6a)

A mixture of 5a (0.9 g. 4.5 mmol) and 10 ml. of phosphorus oxy-
chloride was heated at reflux under N, for 5 h. The excess of POCl;
was removed under vacuum, and the residue dissolved in 20 ml
CH,Cl,, washed with 5% Na,CO,, dried over MgS0,, and purified
by chromatography on silica gel using CH,Cl,-MeOH (95:5, vjv).
Concentration of the pure fractions provided 30% of 6a. 'H NMR
(300 MHz, CDCly): & 8.29 (dd, 1H), 7.82 (dd, 1H), 7.7 (s, 1H), 7.54
(m, 2H), 3.04 (s, 3H). Anal. caled for Ci1HgN3Cl: C, 60.69; H, 3.68;
N, 18.31. Found: C, 60.78; 1, 3.92; N, 19.06.

Y
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5.1.12. 4-Chloro-1-phenylimidazo[1,5-a]quinoxaline (6 Q\J
6b was prepared from 5b following the protocol described for
6a (i.e., from 5b (0.57 g, 2.18 mmol) and POCl5 (5 mL)). A yellow
solid was obtained after column chromatography purification as
specified for 6a (yield, 61%). "TH NMR (300 MHz, CDCls): §'8.1 (s,
1H), 7.9 (dd, 1H), 7.5 (m, 5H), 7.4 (m, 2H), 7.32 (t, 1H). Anal. calcd
for C16H1oN3Cl: C, 68.69; H, 3.58; N, 15.03. Found: C, 68.51; H, 3.39;
N, 15.38.

5.1.13. N-Methyl-1-methylimidazo[1,5-a]Jquinoxalin-4-amine
(7a) ‘

Methylamine (0.5 mL of a 40% (w/v) aqueous solution, 4 mmol)
was added dropwise to a stirred solution of 6a (0.3 g, 1.33 mmol}
in absolute EtOH (7 mL) at room temperature. After 40 h, another
portion of methylamine (0.5 mL of a 40% (w/v) aqueous solution,
4 mmol) was added and stirring was maintained for additionat
3 h. The solvent was removed under reduced pressure and the res-
idue was dissolved in CH,Cl, (10 mL). The organic fraction was suc-
cessively washed with 5% NaHCO; (15 mL) and water (15 mL),
dried (Na,SQ,), and concentrated under reduced pressure. The
product was purified by column chromatography on silica gel elut-
ing with CH,Cl,-MeQH (98:2, v/v) to yield a solid cream of 7a
(vield, 53%). 'TH NMR (300 MHz, CDCl3): § 8.01 (d, 1H), 7.7 (d,
1H), 7.5 (s, 1H), 7.3 (t, 1H), 7.21 (t, 1H), 3.22 (d, 3H), 2.95 (s, 3H).
13 NMR (300 MHz, CDCl3): & 149.30, 142.34, 126.96, 126.33,
124.9, 122.85, 120.85, 119.78, 115.20, 30.84, 27.69. Anal. calcd
for Ci1oH3Ng: € 67.92; H, 5.66; N, 26.41. Found: C, 67.52; H,
5.95; N, 26.36.

5.1.14. N-Methyl-1-phenylimidazo[1,5-a]quinoxalin-4-amine
(7b)

7b was prepared from 6b following the protocol described for
7a, that is, from 6b (0.4 g, 1.4 mmol) and methylamine (0.12 g of
40% (w/v), 4 mmol). A yellow solid was obtained after column
chromatography purification as specified for 7a (yield, 86%). H
NMR (300 MHz, CDCl3): § 7.6 (m, 4H), 7.56 (m, 3H), 7.2 (m, 2H),
6.93 (t, 1H), 3.22 (d, 3H). *C NMR (300 MHz, CDCl3): § 149.31,
144.42, 138.31, 132.53, 129.76, 129.71, 129.00, 128.77, 126.96,
126.55, 124.11, 122.37, 122.31, 120.07, 116.25, 27.73. Anal. calcd
for C17H14N4: C, 74.45; H, 5.11; N, 20.40. Found: C, 74.10; H,
5.22; N, 20.57.

5.1.15. 5,5-Diisobutyldipyrazolo[1,5-a]piperazine-5,10-dione
(8)

The 3-isobutyl-1H-pyrazole-5-carboxylic acid (09g,
5.35 mmol) in suspension in thionyl chloride (7 mL) was heated
to reflux, under agitation for 18 h. The reaction mixture was
cooled, then filtered and washed with toluene, and dried under
high vacuum to obtain a white solid (yield, 80 %). '"H NMR
(300 MHz, DMSO-dg): 5 0.9 (d, 12H), 1.9 (m, 1H), 2.5 (d, 2H), 7.4
(s, 2H). Anal. calcd for CygHaoN4O2: C, 64.00; H, 6.67; N, 18.67.
Found: C, 64.31; H, 6.33; N, 18.56.

5.1.16. 2-Fluoroaniline-3-isabutyl-1H-pyrazole-5-carboxamide
9) ;
To 2-fluoroaniline {0.734 mL, 7.6 mmol) in THF (8 mL), coeoled in
a —10°C bath, 18.3 mL (18.30 mmuol, 1.0 M) sodium bis-(trimethyl-
silyl)amide in THF was added. The mixture was stirred for 1 h, and
a suspension of 8 (1.14 g, 3.8 mmol) in THF (15 mL) was added and
let warm to room temperature. The mixture was stirred for 2 h,
and acetic acid was added to pH 7. The reaction mixture was con-
centrated in vacuum followed by the addition of water and satu-
rated NaHCOs3. The solid was collected by filtration, washed with
water and cyclohexane, and dried under high vacuum to give 9
as a beige solid (yield, 46%)."H NMR (300 MHz, DMSO-dg): § 7.85
(m, 1H), 7.25 (m, 1H), 7.15 (m, 2H), 6.5 (s, TH), 2.46 (d, 2H), 1.88
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(m, 1H), 0.85 (d, 6H). %F NMR: 126. Anal. calcd for Cy4H16N30F: C,
64,37; H, 6.13; N, 16.09. Found: C, 64.09; H, 6.01; N, 16.25.

5.1.17. 3-lsobutylpyrazolo[1,5-a]quinoxaline-pﬁazine-6—(5H)—
one (10)

A mixture of 9 (0.88 g, 3.37 mmol) and sodium hydrure (0.97 g,
4.04 mmot) in dimethylacetamide (25 mL) was heated to reflux for
6 h. The reaction mixture was then concentrated in vacuum fol-
lowed by the addition of water and saturated ammonium chloride.
The solid was collected by filtration, washed with water, and dried
to give 10 (yield, 80%). "H NMR (300 MHz, DMSO-ds): o 0.9 (d, 6H),
2 (m, 1H), 3.3 (s, 2H), 6.9 (s,1H), 7.3 (m, 4H), 8.05 (s, 1H). Anal.
calcd for Ci4H 5N30: C, 69.71; H, 6.22; N, 17.43. Found: C, 69.98;
H, 6.51; N, 17.38.

5.1.18. 6-Chloro-3-isobutylpyrazolo[1,5-a]quinoxaline (11)

To 10 (1.04 g, 4.3 mmol), 12 mL of phosphorus oxychloride was
added and the mixture was heated to reflux for 6 h. The reaction
mixture was concentrated under vacuum, and the residue was
cooled in an ice bath. Water was added to the residue and neutral-
ized with saturated NaHCO;. The solid was collected by filtration
and purified using column chromatography on silica gel to yield
11 as a yellow solid (yield, 50%). "H NMR (300 MHz, DMSO-dg): 4
0.9 (d, 6H), 2 (m, 1H), 3.3 (s, 2H), 6.9 (s,1H), 7.3 (m, 4H), 8.05 (s,
1H). Anal. caled for Ci4H14NsOCl: C, 64.74; H, 5.39; N, 16.18.
Found: C, 64.52; H, 5.24; N, 16.33.

5.1.19. 3-Isobutyl-N-methylpyrazolo[1,5-a]quinoxalin-4-amine
(12a) .
Methylamine (0.15mL of a 40% (w/v) aqueous solution,
1.74 mmol) was added dropwise to a stirred solution of 11 (0.15 g,
0.57 mmol) in absolute EtOH (10 mL) at room temperature. After
40 h, another portion of methylamine (0.25 ml of a 40% (w/v) aque-
ous solution, 2.7 mmol) was added and stirring was maintained for
additional 3 h. The solvent was removed under reduced pressure,
and the residue was dissolved in CH,Cl, (10 mL). The organic fraction
was successively washed ‘with 5% NaHCOs; (15ml) and water
(15 mL), dried (Na,S04), and concentrated under reduced pressure.
The product was purified by column chromatography on silica gel
with CgH,-EtOAc(70:30, v/v)as eluent to yield a cream solid (yield,
75%). Mp 145-150°C. 'H NMR (300 MHz, DMSO-dg): & 8.25 (dd,
Jy =137 Hz,J,= 7.8, 1H), 7.7 (dd, J; = 1.46, J, = 8.11,1H), 7.3 (m, 2H),
6.37 (s, 1H), 4.95 (s, 1H), 3.25 (d, 3H), 3.75 (d, 2H), 2.08 (m, 1H),
0.95 (d, 6H).”>)C NMR (300 MHz, DMSO-dg): & 152.43, 150.30,
139.7, 125.4, 125.16, 124.6, 123.7, 122.21, 112.21, 108.25, 35.10,
29.61, 28.57, 23.14. Anal. calcd for CysHqgNg4: C, 70.84; H, 7.13; N,
22.03. Found: C, 70.37; H, 7.44; N, 21.99.

5.1.20. 3-Isobutyl-N,N-dimethylpyrazolo[1,5-a]quinoxalin-4-
amine (12b)

12b was prepared from 11 following the protocol described for
12a, that is, from dimethylamine (0.22 mL of a 40% (w/fv) aqueous
solution, 1.73 mmol) and 11 (0.15 g, 0.57 mmol) in absolute EtOH
(10 mL). The product was purified by column chromatography on
silica gel with CgHy2-EtOAc (70:30, v/v) as eluent to give a white
solid (yield, 83%). Mp 160-165°C. 'H NMR (300 MHz, DMSO-dg):
5 8.25 (dd, J; =1.32, J=7.9, 1H), 7.65 (dd, J = 1.24, }], =9.12, 1H),
7.3 (m, 2H), 6.6 (s, 1H), 3.3 (s, 6H), 2.75 (d, 2H), 2.09 (m, 1H), 1
(d, 6H). 3C NMR (300 MHz, DMSO-dg): § 149.79, 145.9, 140.85,
125.56, 125.42, 124.98, 124.00, 122.63, 114.26, 112.60, 39.48,
35.10, 29.61, 23.01. Anal. calcd: for CygHzoN4: C 71.61; H, 7.51;
N, 20.88. Found: C, 71.37; H, 7.62; N, 21.09.

5.1.21. Diimidazo{1,5-a]|piperazine-5,10-dione (13)

13 was prepared from the imidazole-4-carboxylic acid (5g,.

44.6 mmol) and thionyl chloride (75 mL) following the protocol de-

scribed for 8. We obtained 4.7 g of a white solid (yield, 90-95%)."H
NMR (300 MHz, DMSO-dg): § 8.85 (s, 2H); 8.2 (s, 2H). Anal. caled
for CgHaN4O,: C, 51.33; H, 2.13; N, 29.79. Found: €, 51.23; H, 2.01;
N, 29.56.

5.1.22. (2-Fluoroaniline)-1H-imidazole-4-carboxamide (14)

14 was prepared from 13 following the protocol described for 9,
that is, from 2-fluoroaniline (5.9 g, 53 mmol) in THF (26 ml), so-
dium bis-(trimethylsilyl)amide (133.0 mmol, 1.0M in THF) and
13 (4.7 g, 24.0 mmol) in THF {30 mL). We obtained 7.50 g of 14
as a light beige solid (yield, 42%). 'H NMR (300 MHz, DMSO-dg):
8 9.45 (s, 2H), 8.13 (s, 1H), 8.1 {s, 1H), 8.03 {s, 1H), 7.8 (s, 1H), 7~
7.25 (m, 2H) 9k NMR: 128. Anal. calcd for CypHigN3F: C, 63.49; H,
4.23; N, 22.22. Found: C, 63.28; H, 451; N, 22.09.

5.1.23. imidazo[1,5-a]quinoxaline-pyrazine-6-(5H)-one (15)

A mixture of 14 (7.50 g, 36 mmol) and sodium hydrure (1.1 g,
43 mmol) in dimethylacetamide (280 ml) was heated to reflux
for 6 h. The reaction mixture was then concentrated under vacuum
followed by the addition of water and saturated ammonium chlo-
ride. The solid was collected by filtration, washed with water, and
dried to give 4 g of 15 {yield, 80%). "H NMR (300 MHz, DMSO-dg): &
9.4 (s, 1H), 8.2 (d, 1H), 7.8 (d, 1H), 7.31 (d, 1H), 7.1-7.3 (m, 3H).
Anal. caled for C;oHyN3O: C, 64.86; H, 3.78; N, 22.70. Found: C,
65.11; H, 3.87; N, 22.93.

5.1.24. 6-Chloroimidazo[1,5-a]quinoxaline (16)

16 was prepared from 15 following the protocol described for 11,
that is, from 15 (4 g, 21.6 mmol) and phosphorus oxychloride (44
ml). The solid was collected by filtration and purified using column
chromatography on silica gel to yield 16 as a yellow solid (yield,
20%). ' NMR (300 MHz, DMSO-dg): 8 9.4 (s, 111), 8.2 (d, 1H), 7.8
(d, 1H), 7.31 (d, 1H), 7.1-7.3 (m, 3H). Anal. calcd for CygHgN3Cl: C,
58.97; H, 2.95; N, 20.64. Found: C, 58.77; H, 2.72; N, 20.88.

5.1.25. N-Methylimidazo[1,5-ajquinoxalin-4-amine (17a)

17a was prepared from 16 following the protocol described for
12a, that is, from methylamine 2 x (0.25 mL of a 40% (w/fv) aqueous
solution, 2.7 mmol), 16 (0.11 g, 0.54 mmol), and EtOH (8 mL). The
product was purified by column chromatography on silica gel with
CgHy2-EtOAc (70:30, v/v) as eluent to yield a cream solid (yield,
80-85%). Mp 255-258 °C. "H NMR (300 MHz, DMSO-dg): § 8.54 (s,
1H), 7.75 (dd, j; =133, J,=8.07, 1H), 7,65 (dd, J; =13, J,=8.11,
1H), 7.59 (s. 1H), 7.35 (s, TH), 7.25 {s, 1H), 3.24 (d, 3H).2*C NMR
(300 MHz, DMSO-dg): & 147.50, 142.34, 135.54, 130.67, 129.16,
125.14, 124.34, 114.14, 111.24, 26.98. Anal. calcd for Cy4HqoNaz C,
66.65; H, 5.08; N, 28.26. Found: C, 66.54; 1, 4.98; N, 28.15.

5.1.26. N,N-Dimethylimidazo{1,5-a]Jquinoxalin-4-amine (17b)

17b was prepared from 16 following the protocol described for
17a, that is, from dimethylamine (0.15 ml of a 40% (w/v) aqueous *
solution, 1.19 mmol), 16 {0.11 g, 0.54 mmol), and FEtOH (10 mL). The -
product was purified by column chromatography on silica gel with ~
CsH12-EtOAC (70:30, v/v) as eluent to give a white solid {yield, 96%).
Mp 160-165°C. "TH NMR (300 MHz, DMSO-dg): 4 8.55 (s, 1H), 7.78 (s,
1H), 7.71 (dd, J; = 125, J, = 8.07, 1H), 7.6 (dd, J; = 1.21, J, = 8.12, 1H),
7.35 (t, 1H), 7.15 (t, 1H), 3.43 (s, 6H). 13C NMR {300 Mz, DMSO-ds):
o 146.93, 143.22, 135,50, 129.56, 129.08, 128.29, 125.48, 124.75,
114.49, 111.16, 37.89. Anal. Calcd for C3H13N,: € 67.91; H, 5.70; N,
26.40. Found: C, 67.64; H, 5.48; N, 26.53.

5.2. In vitro cytotoxic activity
5.2.1. Materials and reagents

Imiquimod (Molekula, Wessex House, Shaftesbury, Dorset, UK),
doxorubicin hydrochloride (Teva laboratory, Courbevoie, France),

e



(¥

G. Moarbess et al./Bioorg. Med. Chem. 16 (2008) 6601-6610 66

fotemustine (Servier, Orl¢ans, France), irinotecan {Aventis Pharma
laboratorics, Vitry-sur-Seine, France), methotrexate (Teva labora-
tory) were used in this study. 3-(4,5-Dimethylthiazol-2-yl)-25-
diphenyltetrazolium bromide (MTT), isopropyl alcohol, and hydro-
chloric acid were obtained from Merck {(Darmstadt, Germany). All
other reagents were of analytical grade and were obtained from
commercial sources.

5.2.2. Cell lines and culture techniques

Melanoma (A375, M4Be and RPMI-7951), breath (MCF7), colon
{15174T), and B lymphoma (Raji) human cancer cell lines were ob-
tained from American Type Culture Collection (Rockville, Md.,
USA). Cells were cultured in RPMI medium containing RPMI-1640
{Gibco lLaboratorics, France), with the exception of the M4Be line
that required DMEM medium supplemented with 10% heat-inac-
tived (56 °C) foetal bovine serum (FBS) (Polylabo, Paris, France),
2 mM -glutamine, 100 IU/ml penicillin G sodium, 100 nug/ml strep-
tomycin sulphate, and 0.25 ug/ml amphotericin B. Cells were main-
tained in a humidified atmosphere of 5% CO; in air at 37 °C.

5.2.3. Cytotoxicity assay

Previously to the experiments, the number of cells by well, the
doubling time and the MTT concentration have been optimized. In
all the experiments, A375, M4Be, RPMI 7950, 151471, MCF7, and
Raji cells were seeded at a final concentration of 5000 celisfwell
in 96-well microtiter plates and allowed to attach overnight. After
20--24 Iv incubation, the medium was aspirated carefully from the
plates using a sterile Pasteur pipette, and cells were exposed (i) to
vehicle controls (1% DMSO/culture medium and culture medium
alone), (ii) to doxorubicin, irinotecan, fotemustine, methotrexate,
and imiquimod at concentrations of 10°* to 10719 .M, diluted in
the culture medium, and (iii) to the synthesized compounds
(10 *-1071° M) dissolved in a mixture 1% DMSO/culture medium
(v/v). After 96 h of incubation, 10 ul of MTT solution in PBS (5 mg/
mi, phosphate-buffer saline pH 7.3) was added to each well, and
the wells were incubated at 37 °C for 4 h. This colorimetric assay
is based on the ability of live and metabolically unimpaired tu-
mor-cell targets to reduce MTT to a blue formazan product. At
the end of the incubation period, the supernatant was carefully
aspirated, then, 100 ul of a mixture of isopropy!l alcohol and 1M
hydrochloric acid (96/4, v/v) was added to ecach well. After
10 min of incubation and vigorous shaking to solubilize formazan
crystals, the optical density was measured at 570 nm in a micro-
culture plate reader (Dynatech MR 5000, France). For each assay,
at lcast three experiments were performed in triplicate.

- The individual cell line growth curves confirmed that all tumor
lines in control medium remained in the log phase of cell growth
96 h after plating. Cell survival was expressed as percent of vehicle
control. The 1Cqy values defined as the concentrations of drugs
which produced 50% ccll growth inhibition; 50% reduction of
absorbance, were estimated from the sigmoidal dose-response
CUrves.

5.2.4. Xenografts and in vivo study protocol

This rescarch adhered to the ‘Principles of Laboratory Animal
Care’ (NIH publication #85-23, revised 1985). The animal study
was approved by the local Animal Use Committee. Before to start
pharmacodynamic studics in mouse, the 50% lethal dose (LDso)
of the EAPB0203 compound was evaluated in healthy animal after
intraperitoneal (ip) administration. The LDy was higher than
300 mg/kg.

M4Bc tumor cetls at logarithmic growth in vitro were harvested
and washed twice with PBS. Tumor cells (3 x 10°) suspended in
150 pl of DMEM medium without FBS were inoculated subcutane-
ously into the flank arca of female Swiss Nude mice (7 weeks old,
weighing 20-22 g) through a 23-gauge needle. Mice were pur-

chased from Charles River (L'Arbresle Cedex, France) and were kept
under sterile conditions. They received sterile food and water. Tu-
mor growth was monitored twice a week. Two perpendicular
diameters (a and b) were measured with a Vernier caliper, and tu-
mor volumes (V) were calculated using the following formula:
V=0.5ab® . At a tumor size of ~0.7 cm®, athymic mice were ran-
domized into three groups (6 mice per group): (i) the vehicle con-
trol group (weekly ip administration of DMSO/intralipid (50:50, v/
v)), (ii) the EAPB0203 group (two protocols: protocol 1, weekly ip
administration of 5 mg/kg for 3 weeks and protocol 2, administra-
tion of 20 mg/kg twice a week (monday and thursday) for 3 weeks,
this cycle was repeated after 15 days), and (iii) the fotemustine
group (two protocols: protocol 1, weekly ip administration of
5 mg/kg for 3 weeks and protocol 2, weekly ip administration of
20 mgfkg for 3 weeks, this cycle was repeated after 15 days).
EAPB0203 being poorly soluble in water was dissolved in a mix-
ture intralipid/DMSO (50:50, v/v). Fotemustine was dissolved in
isotonic glucose. The dosing regimen of fotemustine is near to
the fotemustine dose of 100 mg/m? used clinically. Animals were
euthanized with CO; when the tumor size reached 2 emn®.

Tumor response was assessed by comparing the tumor volume
in each mouse group (control, fotemustine, and EAPB0203).

5.2.5. Statistical analysis

In vivo results are presented as mean * standard error of the
mean (SEM). A one way ANOVA for repeated measurements was
performed to compare (i) the efficacy of treatment according to
the administered dose (5 and 20 mg/kg), both for fotemustine
and EAPB0203; (ii} the variations of tumor volume between the
three treatment groups (control, fotemustine, and EAPB0203) both
at low and high administered doses. A simple contrast test was
used to compare 2-by-2 each group; in this case, the level of signif-
icance was corrected for multiple comparisons and fixed at 0.02.
This analysis was performed using the PK-fit software. Probability
values of less than 0.05 were considered statistically significant.
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New imidazo|1.2-alquinoxaline analogues have been synthesized in good yields via a bimolecular
condensation of 2-imidazole carboxylic acid, followed by a coupling with ortho-fluoroanitine and
subsequent substitution on the imidazole ring by Suzuki Cross-coupling reaction using microwave
assistance. Antitumor activities of these derivatives were evaluated by growth inhibition of A375 cells in
vitro. All compounds exhibited high activities compared to imiquimod and fotemustine used as
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1. Introduction

In our previous studies [1-3], a general synthetic strategy has
been claborated which can easily get access to three basic
heterocycles imidazo/pyrazoloquinoxalines. This method led us to
the intermediates which remain non-substituted on the
5-membered cycle with good yields. New imiquimod analogues in
the imidazo|1,2-a)quinoxaline, imidazo[1,5-ajquinoxaline and
pyrazolo| 1,5-a]quinoxaline series have also been synthesised and
tested in vitro and in vivo for their anti-cancer activities.

Imiquimod, an imidazoquinoline amine, has been initially
approved for the topical treatment of external genital warts caused
by human papilloma virus [4-G]. It has shown activities toward basal
cell carcinomas (BCC), actinic keratoses, and some melanoma
metastases [7-10]. Fotemustine is a third generation nitrosourea
which is used both in melanoma and brain tumors [11]. However, its
clinical application is somewhat limited both by its toxicity and by
the resistance of melanoma cells [12]. BMS$-345541, an imidazo[1,2-
alquinoxaline derivative has shown important cytotoxic activities

* Carresponding author. Tel: 133 4 67548665/8640; fax: +33 4 67548036,
E-mail address: carinc.masquefa@univ-montpLfr (C, Deleuze-Masquefa).
! Carine Deleuze-Masquefa and Georges Moarbess contributed equally to this
wark,

0223-5234/$ - see front matter © 2009 Elsevier Masson SAS: All rights reserved.
doi: 10.1016/j.ejmech.2009.02.007

on melanoma in vitro and in vivo [13]. It was identified as a selective -
inhibitor of IkB kinase that blocked NF-«B pathway [14].

EAPB0203, a new imidazoquinoxaline amine derivative
demonstrated significant in vitro activities against the human
melanoma cell line A375, 110 and 45 times more active than fote-
mustine and imiquimod, respectively [1,2]. Tested in vivo in female
Swiss Nude mice, EAPB0203 caused a significant decrease in tumor
(M4Be xenografts) growth compared to vehicle control and
fotemustine treatments {1,2].

Recently, EAPB0203 was evaluated in T-cell lymphomas and
HTLV-I associated adult T-cell teukaemia/lymphoma. EAPB0203
exhibits an important cytotoxicity in vitro on HTLV-I-infected CD4™"
T-cell lines HUT-102, MT-2, and C91-PL as well as HTLV-1-negative
malignant CD4" T-cell lines CEM, Jurkat, HuT-78, and MOLT-4. The
imidazoquinoxaline derivative exhibits inhibition of cell prolifera-
tion, G2/M cell cycle arrest, and induction of apoptosis in HTLV-1
transformed and HTLV-I negative malignant T cells [15].

In continuation of our studies on the reactivity of nitrogen
heterocycles, we focused on the preparation of imidazo[1,2-a]qui-
noxaline derivatives using the new synthetic strategy described
previously [1,2]. To develop a convenient pathway in good agree-
ment with rapid pharmacomodulation, we were interested in using
the Suzuki Cross-coupling reaction. The application of this coupling
to these series was reported on the bromo derivatives [16]. In this
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work, we turned our interest to study the incorporation of different
arylboronic acids on the cytotoxic activity, in order to afford
a variety of new derivatives of our lead compound EAPB0203.

2. Results
2.1. Chemistry

2.1.1. Library synthesis

For the preparation of the 1H-imidazo{1,2-a]quinoxaline deriv-
atives, the procedure presented in Scheme 1 was used. Carbonyl-
imidazole dimer 1 resulted from the bimolecular condensation of
the 2-imidazole carboxylic acid, in presence of thionyl chloride in
95% overall yield. Product 1 was coupled with ortho-fluoroaniline to
give the intermediate 2, with a yield of 40%. The tricyclic compound
3 was obtained via an intramolecular cyclization of 2 accomplished
under strong basic conditions with 80% yield. Treatment of
compound 3 with phosphorus oxychloride and N,N-diethylaniline
yielded to 80% of compound 4 which was coupled with methyl-
amine to give compound 5 with average yields of 93% [1,3]. The
bromination of compound 5 by N-bromosuccinimide led to
compound 6. The position of the bromine on the imidazole ring was
confirmed by n.O.e study. Utilizing the appropriate arylbronic acid
allowed for introduction of various groups on the imidazole ring of
compound 6 via Suzuki reaction in the presence of palladium
catalyst, basic conditions and under microwave assistance to give
compounds 7a-7n in good yields.

2.1.2. In vitro cytotoxic activity

All compounds were evaluated for their cytotoxic activity in
vitro against A375 human melanoma cell line by comparison with
imiquimod, fotemustine used as references and EAPB0203. Table 1
gives the ICsp values for all of the imidazo[1.2-a]quinoxaline
derivatives as determined by the microculture tetrazolium dye
assay. All the tested imidazo[1,2-a]quinoxalines caused a significant
inhibition of cell growth, their cytotoxicities were superior to that
of imiquimod and fotemustine. Compounds 7d, 7k-7n were
considerably 10-100 times less active than the present EAPB0203
known to be 110 and 45 times more active than fotemustine and
imiquimod on human melanoma cell line (A375), respectively {1.2].
Compounds 7h-7j showed a similar activity to EAPB0203. Five
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Scheme 1. Synthesis of 1H-imidazo{1,2-a]quinoxaline derivatives. Reagents and conditions: {a) SOCI, reflux, 18 h; (b) NaliMDS$, THE, 50’ (c) \hH _DMA, refluk.. 10 h;.(d) POCI,,
reflux, 6 h; (e) EtOH, NHCHs, 20 h, rt; (f) NBS, CHCls, reflux, 2 h; (g) arylboronic acid (R-B(OH),), l’d(PPh;),; -
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compounds 7b, 7¢, 7e-7g are 7--9 times more potent against A375 -

than EAPB0203 (Table 1).

3. Discussion

The procedure presented in Scheme 1 was used to prepare the
imidazo[1,2-a]quinoxaline derivatives. This method not only
reduced the number of purification steps but also led us to propose
a new common and efficient route for the preparation of the
unsubstituted imidazo[1,2-a}quinoxalines on the imidazole poré
starting from the unsubstituted carboxylic acid. This new strategy
also permitted the introduction of R substituent at the last steps of
the procedure with different commercial Suzuki cross-coupling
reagents using microwave assistance.

The exact chemical structure of these imidazo{1,2-a}quinoxaline
derivatives and the assignments of the position of substitution on
the heterocycle using 'H and *C NMR data were described
previously [17].

In order to confirm the bromine position on the imidazole ring,
we carried out a n.0.e study. The irradiation of H-9 at 9.10 ppm
showed a correlation with only one proton H-8 at 7.5 ppm and the
signal intensity of n.O.e effect was increased up to 15% No

correlation was observed between H-9 and protons of the imid-"
azole ring. The same results were obtained by irradiation of H-2 at’

7.65 ppm. These results led us to confirm that the bromine was in
the position 1 of the imidazole ring.

We reported previously {1,2] that EAPB0203 bearing phenethyle
as substituent at position 1 was a lead compound with an activity
against A375 cell line 110 times higher than fotemustine
(ICs0 = 173 uM) and 45 times higher than imiquimod (IC5¢ = 70 uM).
In this paper, replacement of phenethyle (EAPBQZOB) by phenyle

(compound 7a) on the imidazole ring resulted in no change in .

cytotoxicity. The presence of the carbon chain (EAPB0203) between

the phenyl and imidazole core appeared fo be less interesting, the .

activity was.not influenced by the flexibility of the substituent on R
position. Introduction of an electron-donating group (compounds
7b, 7¢, 7e, 7f) enhanced activity. This increase could be explained by
additional interaction type hydrogen bound with the biological
target. The substitution of an electron-withdrawing group on the
phenyl core (compounds 7k-7m) displayed decreased potency.
The methoxy group at position 2 on the phenyl ring{compound 7d)
has proved. to be less favorable than the 3 and 4 positions

a;((); I)Ml MW(MO“C )Omm)

Ly

"
o
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Table 1

Imidazo[ 1,2~a]quinoxaline derivatives: formula, ICsq against A375 (human melanoma cell lines), pK; and log P calculated values.

R

N

)
XX

NHCH, !
imidazo[1,2-alquincxaline

Compounds Ry Formula ICs0” (UM) pKy* log P*
7a CeHs- Ci7H 14Ny 219+£0.08 518 £04 3684143
7b (EAPBO503) 3-0CH3-CgHa- CigHigN4O 0.20 :0.09 5.104:04 3.454: 143
7c 4-0CH3-CeHy— CigH1N4O 03704 545+04 3.504:143
7d 2-0CH3-CoHa= CigHigN4O 122 +£25 489+04 335+ 143
7e 3-0C,Hg~CoHa- CigH1gN4O 030+£001 511 £ 04 398 +1.43
7" 3-OH-CeHg- Ci7H1aN4O 0.56 £0.12 514404 294+£143
7 3-Br-CgHy~ Ci7H 3BriNg 0.65 +£0.02 496 404 443 +1.43
7h 3-CF3-CeHa— CigHyaFsNg 1.28 £0.18 48604 4.66 1 1.43
7i 3-Cl-CgHya— Ci7H3CIN, 1.78 4:0.35 488 +04 425+ 143
7j 3-COOH-CgHag-. Cigt1aN4O, 347 +£0.55 5.28+04 336+143
7k 3-F-Colig~ CizHiab Ny 249 +0.27 488 +0.4 371£143
7 3-CN-CgHam CigHiaNs 27.0£2.2 483+04 312+ 143
7m 3-NOa~CgHa- Cy7H,3N50; 40.0+38 457+0.4 3214143
n 3-(C4H30)- CysH1aN,O 741 +31 5214:0.4 2994 1.43
EAPR0203 CeHs—(CHy),- CigH1gNg 1.57 +£0.56 561404 4914142
Imiquimod 70.34:4.3 !
Foremustine 173 424 !

*pK, and log P values are calcutated using the ACDIabs software.

* 1Cyo. concentration of the compound (pM) producing 50% cell growth inhibition after 96 h of drug exposure, as determined by the MTT assay. Each experiment was run at

least three times, and the results are presented as average values =+ standard deviation.

{compounds 7b, 7c). No significant differences were observed
between the pK; and log P calculated values (Table 1) of this series of
compounds which are all substituted by an amino group.

In summary, a new scries of imidazo[1,2-a]quinoxaline deriva-
tives were synthesized with short reaction times by using micro-
wave assistance and catalysts. These compounds were evaluated
for their antitumor activities against human melanoma. These new
analogues demonstrated interesting antitumor activities effect on
A375 cell lines more potent than imiquimod and fotemustine. We
found promising lead compounds (7b, 7c¢, 7e, 7f, 7g). EAPB0203
analogues, which exhibited high activities up to 9 times more
potent for compound 7b (EAPB0503) than EAPB0203 (lead
compound) on human melanoma cell lines. EAPB0503 can be
considered as a new lead compound of the imidazo[1,2-a]qui-
noxaline series. Further studies are now in progress for the opti-
mization of these compounds. On the other hand, in vivo studies
will be complemented and documented to depict the antitumor
activities of this new lead (EAPB0503) in female Swiss mice
xenografted with human melanoma cell lines.

4. Experimental
4.1. Chemistry

All solvents and reagents were obtained from commercial
sources and used without further purification unless indicated
otherwise. 11 and '3C NMR spectra were recorded using a Bruker
AC 300 spectrometer. Chemical shifts are reported in parts per
million (ppm) from the tetramethylsilane resonance in the
indicated solvent. Coupling constants are reported in Hertz (Hz),
spectral splitting partners are designed as follow: singlet (s);
doublet (d); triplet (t); multiplet (m). Column chromatography
was performed on Merck silica gel 60 (200-400 mesh).
Flemental analysis was carried out at the Microanalytical
Central Department (Montpellier, France). The microwave organic
synthesis was assisted by the Biotage initiator (France). Melting
points of solid compounds were measured by the Biocote

apparatus. pK; and log P values are calculated using the ACDLabs
software (Toronto, Canada).

4.1.1. Diimidazo[1,2-a]piperazine-5,10-dione (1)

The imidazole-2-carboxylic acid (5 g, 44.6 mmol) in suspension
in thionyl chloride (75 mlL) was heated to reflux, under agitation for
18 h. The reaction mixture was cooled, then filtered, washed with
toluene, and dried under high vacuum to obtain a yellow solid
(yield, 90-95%). M.p.: 164 °C. "H NMR (300 MHz, DMSO-dg) 4: 8.85
(s, 2H): 8.2 (s, 2H). 3C NMR (300 MHz, DMSO-dg) 4: 145.85, 144.95,
125.20, 120.15. Anal. calcd for CgH4N4O5: C, 51.07; H, 2.14; N, 29.78.
Found: C, 51.15; H, 2.21; N, 29.46.

4.1.2. (2-Fluoroaniline)-1H-imidazole-4-carboxamide (2)

To 2-fluoroaniline (1.91 ml, 19.77 mmol) in THF (13 mt), cooled
in a —10°C bath, (45.2 ml, 45,2 mmol, 1.0 M) sodium bis-(trime-
thylsilyl)amide in THF was added. The mixture was stirred for 1 h,
and a suspension of 1 (1.77 g, 9.4 mmol) in THF (20 mL) was added
and allowed to warm to room temperature. The mixture was stirred
for 2 h, and acetic acid was added to pH 7. The reaction mixture was
concentrated in vacuum followed by the addition of water and
saturated NaHCOs. The solid was collected by filtration, washed
with water and cyclohexane, and dried under high vacuum to give 2
as a beige solid (yield, 40%). M.p.: 250°C. 'H NMR (300 MHz,
DMSO-dg) 6: 8.12 (dd, 1H), 7.92 (dd, 1H), 6.92 (t, 1H), 713 (t, 1H), 7.07
(s, 2H). '°F NMR: 126. *C NMR (300 MHz, DMSO-dg) d: 151.69,
150.92, 150.52, 130.14, 128.79, 126.96, 123.97, 121.03, 119.53, 115.03.
Anal. calcd for CigHgFN3O: C, 58.54; H, 3.93; N, 20.48C, 64,37; H,
6.13; N, 16.09. Found: C, 58.33; H, 3.55; N, 20.14.

4.1.3. Imidazo[1,2-ajquinoxaline-6-(5H)-one (3)

A mixture of 2 (2 g, 9.75 mmol) and sodium hydride (0.3 g,
1.17 mmol) in dimethylacetamide (80 mL) was heated to reflux for
6 h. The reaction mixture was then concentrated in vacuum fol-
lowed by the addition of water and saturated ammonium chloride.
The solid was collected by filtration, washed with water, and dried
to give 3 (yield, 80%). M.p.: 322 °C. '"H NMR (300 MHz, DMSO-ds)
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6: 9.4 (s, 1H), 8.2 (d, 1H), 7.8 (d, 1H), 7.31 (d, 1H), 7.1-7.3 (m, 3H).
3¢ NMR (300 MHz, DMSO-dg) 6: 149.26, 139.11, 137.89, 132.43,
126.43, 12394, 123.02, 119.40, 118.17, 115.42. Anal. calcd for
CioH7N30: C, 64.86; H, 3.81; N, 22.69. Found: C, 64.44; H, 4.03; N,
22.98.

4.14. 6-Chloroimidazo[1,2-ajquinoxaline (4)

To 3 (1.42 g, 7.7 mmol), phosphorus oxychloride (10 mL) and
N,N-diethylaniline (1.6 mL) were added and the mixture was
heated to reflux for 2 h. The reaction mixture was concentrated
under vacuum, and the residue was cooled in an ice bath. Water
was added to the residue and neutralized with saturated NaHCOs.
The solid was collected by filtration and purified by recrystallisation
from methanol to yield 4 as a white solid (yield, 80%). M.p.: 188 °C.
TH NMR (300 MHz, DMSO-ds) é: 8.5 (s, 1H), 8.06 (d, 1H), 7.56 (s, 1H),
7.35 (m, TH), 7.25 (m, 2H). 3C NMR (300 MHz, DMSO-dg) : 135.82,
132.19,131.75,130.4,129.95,127.12,125.03, 115.67, 113.4. Anal. calcd
for CigHgN3Cl: C, 58.98; H, 2.97; N, 20.64. Found: C, 59.12; H, 2.76;
N, 20.45.

4.1.5. N-Methylimidazo[1,2-aJquinoxalin-4-amine (5)

Methylamine of a 40% (w/v) aqueous solution, was added
dropwise to a stirred solution of 4 (0.110 g, 0.54 mmol) in absolute
EtOH (10 mL) at room temperature. After 40 h, another portion of
methylamine (0.15 ml; 1.74 mmol) of a 40% (w/v) aqueous solution
was added and stirring was maintained for additional 3 h. The
solvent was removed under reduced pressure, and the residue was
dissolved in CH,Cl; (10 mL). The organic fraction was successively
washed with 5% NaHCOj3; (15mlL) and water (15 ml), dried
(Naz5S04), and concentrated under reduced pressure. The product
was purified by column chromatography on silica gel with CgHq2—
EtOAc (70:30, v/v) as eluent to yield a white solid (yield, 93%). M.p.:
180 °C. "H NMR (300 MHz, DMSO-dg) 6: 7.92 (s, 1H), 7.75 (dd., 1H),
7.65 (dd, 1H), 7.52 (s, 1H), 7.4 (t.1H), 7.25 (t, 1H), 6.15 (5, 1H), 3.25 (d.
3H). 13C NMR (300 MHz, DMSO-dg) 6: 142.25, 139.17, 131.99, 129.4,
128.17, 127.2, 125.14, 124.34, 114.14, 113.89, 29.20. Anal. calcd for
C11H1oN4 C, 66.65; H, 5.08; N, 28.26. Found: C, 66.26; H, 5.53; N,
28.23.

4.1.6. 1-Bromo-N-methylimidazo[1,2-a]quinoxalin-4-amine (6)

A solution of 5 (1.5 g, 7.5 mmol) and N-bromosuccinimide (1.5 g,
7.5 mmol) in CHCl3 (200 mL) was heated under reflux for 2 h. The
resulting solution was cooled, washed with 5% sodium hydrogen
carbonate (50 mL), dried and concentrated. The residue was puri-
fied by recristallisation from chloroform to a white solid (1.18 g,
67%). M.p.: 202 °C.'"H NMR (300 MHz, DMSO-dg) 6: 9.10 (s, 1H), 7.75
(dd, 1H), 7,65 (dd, TH), 7.4 (t1H), 7.25 (t, 1H), 615 (s, 1H), 3.25 (d,
3H). >C NMR (300 MHz, DMSO-dg) é: 141.97, 140.54, 138.85, 128.96,
127.78, 127.09, 126.03, 125.13, 113.86, 101.4, 29.20. Anal. calcd for
C11HoN4Br: C, 47.68; H, 3.27; N, 20.22. Found: C, 47.33; H, 3.53; N,
20.53.

4.2. General procedure for the Suzuki reaction

To a mixture of 6 (300 mg, 1.08 mmol) and Pd(PPh3) (63 mg,
0.05 mmol) in DME (15 mL) was added the corresponding aryl
boronic acid followed by the addition of sodium carbonate
(234 mg) in water (5 mL). The reaction was irradiated in a sealed
tube at 140°C for 20 min using a Biotage Initiator microwave
synthesizer. The reaction mixture was poured on water and
then extracted with dichloromethane (2 x 40 mL). The combined
organic extracts were washed with water (40 mL), dried and
concentrated to dryness under vacuo. The crude product was
purified by column chromatography (silica gel eluting with
dichloromethane).

4.2.1. N-Methyl-1-phenylimidazo[1,2-a]quinoxalin-4-amine (7a)

Phenylboronic acid (260 mg, 2.13 mmol). White solid (90%).
M.p.: 186 °C. "H NMR (300 MHz, CDCl3) 6: 8.15 (s, 1H), 7.99 (dd, 1H),
7.52 (m, 8H), 5.7(s, 1H), 3.01 (d, 3H). 13C NMR (300 MHz, CDCl3) 6:
142.86,139.37,131.13, 130.74, 129.67, 129.02, 126.77, 125.75, 124.90,
124.78, 124.47, 121.12, 114.96, 29.20. Anal. calcd for Cy7HaN4: C,
74.43; H, 5.14; N, 20.42. Found: C, 74.15; H, 5.46; N, 20.09.

4.2.2. 1-(3-Methoxyphenyl)-N-methylimidazo|1,2-ajJquinoxalin-4-
amine (7b) (EAPB0503)
3-Methoxyphenylboronic acid (329 mg, 2.16 mmol). White solid

-(90%). M.p.: 168 °C. "H NMR (300 MHz, CDCl3) 6: 9.04 (s, 1H), 8 (dd,

1H), 7.82 (m, 2H), 7.4 (m, 3H), 6.99 (d. 1H), 6.86 s, 1H), 5.7 (s, 1H),
3.83 (s, 3 H), 2.88 (d. 3H). *C NMR (300 MHz, CDCl3) &: 160.98,
142.86, 139.57, 131,13, 130.56, 129.5, 129.02, 128.4, 127.39, 124.9,
12440, 122.10, 118.02, 114.96, 111.87, 108.08, 55.30, 29.20. Anal.
calcd for CigHgN4O: C, 71.04; H, 5.30; N, 18.41. Found: C, 71.40; H,
5.66; N, 18.09.

4.2.3. 1-(4-Methoxyphenyl)-N-methylimidazo[1,2-aJquinoxalin-4-
amine (7c)

4-Methoxyphenylboronic acid (329 mg, 2.16 mmol). White solid
(95%). M.p.: 198 °C. 'H NMR (300 MHz, CDCl3) 6: 814 (s, 1H), 8.00
(d, 1H), 7.67 (m, 3H), 7.5 (m, 2H), 7.05 (m, 2H), 5.77 (s, 1H), 3.82 (s,
3H), 2.99 (s, 3H). 3C NMR (300 MHz, CDCl3) 6: 158.05, 142.86,
139.57,131.13, 129.61, 129.02, 125.96, 125.68, 124.47,124.02, 121.12,
114.96, 113.35, 57.83, 29.20. Anal. calcd for CigH1gN4O: C, 71.04; H,
5.30; N, 18.41. Found: C, 71.18; H, 5.58; N, 18.13.

4.2.4. 1-(2-Methoxyphenyl)-N-methylimidazo[1,2-a]quinoxalin-4-
amine (7d)

2-Methoxyphenyiboronic acid (329 mg, 2.16 mmol). Beige solid
(94%). M.p.: 180 °C. TH NMR (300 MHz, CDCl3) 6: 8.1 (d, 1H), 7.60 {m,
3H), 7.48 (t, 1H), 7.30 (m, 4H), 5.74 (s. 1H), 3.85 (s, 3H). 3.00 (s, 3H).
13C NMR (300 MHz, CDCl3) é: 153.81, 142.74, 139.57, 131.64, 131.13,
129.02, 128.44, 127.58, 124.45, 124.28, 121.37, 118.02, 114.86, 11.98,
55.32, 29.20. Anal. caled for CigH1gN4O: C, 71.04; H, 5.30; N, 18.41.
Found: C, 70.98; H, 5.12; N, 18.22.

4.2.5. 1-(3-Ethoxyphenyl)- N-methylimidazo[1,2-a]quinoxalin-4-
amine (7e)

3-Ethoxyphenylboronic acid (360 mg, 2.17 mmol). White solid
(52%). M.p.: 162 °C. 'H NMR (300 MHz, CDCl3) 6: 8.34 (s, 1H), 8.02
(d.1H), 7.83 (d, 1H). 7.67 (t, 1H), 7.5 (m, 21). 6.96 (d. 1H). 6.85 (5. TH).
5.74 (s, 1H), 3.89 (i, 2H). 2.89 (s, 3H). 1.38 (t, 3H). '3C NMR
(300 MHz, CDCl3) 4: 161.36, 142.86, 139.57, 131.13, 130.22, 129.5,
129.02, 128.41, 127.05, 124.9, 122.1, 118.02, 114.96, 113.77, 108.12,
63.8, 29.2,15.2. Anal. calcd for C1gH1gN40: C, 71.68; H, 5.70; N, 17.60.
Found: C, 71.43; H, 5.56; N, 17.39.

4.2.6. 1-(3-Hydroxyphenyl)-N-methylimidazo[1,2-aJquinoxalin-4-
amine (7f)

3-Hydroxyphenylboronic acid (329 mg, 2.16 mmot). White solid
(85%). M.p.: 278 °C. '"H NMR (300 MHz, CDCl3} é: 8.33 (s, 1H), 7.99
(d, 1H), 7.79 (d, 1}), 7.70 (m, 2H), 7.67 (t, 1H), 7.50 (m, 3H), 6.857 {m,

"2H), 3.02 (s, 3H). '3C NMR (300 MHz, CDCl3) é: 160.07, 142.86,

139.57,131.46, 131.13,130.35, 129.63, 129.02, 127.64, 126.78, 125.39,
124.9, 12440, 122.83, 120.71, 114.86, 114.54, 29.02. Anal. calcd for
C17H14N40: C, 70.33; H, 4.86; N, 19.30. Found: C, 70.49; H, 519; N,
19.09.

4.2.7. 1-(3-Bromophenyl)- N-methylimidazof1,2-aJquinoxalin-4-
amine (7g)

3-Bromophenylboronic acid (435 mg, 2.16 mmol). Yellow solid
(78%). M.p.: 144 °C. 'H NMR (300 MHz, CDCl3) 6: 8.18 (s, 1H), 7.90
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(m, 211), 7.67 (¢, 1H), 7.50 (m, 2H), 7.45 (m, 3H), 5.74 (s, TH), 2.98 (s,
3H). C NMR (300 Mz, CDCls) 4: 142.86, 139.57, 132.86, 131.13,
130.53, 129.63, 129.03, 127.64, 126.78, 125.39, 124.90, 12430,
122.93, 120.71, 114.96, 29.20. Anal. calcd for Cl-;}-lfg Br N4: C, 57.81;
1, 3.71; N, 15.86. Found: C, 58.05; 11, 3.55; N, 15.99.

4.2.8. 1-(3-Triflucromethylphenyl)- N-methylimidazo[1,2-
afquinoxalin-4-amine (7h)

3-Trifluoromethylphenylboronic  acid (411 mg, 2.16 mmol).
White solid (98%). M.p.: 210 °C. "1 NMR (300 MHz, CDCl3) 6: 8.14 (s,
I, 8.10 (s, TH), 8.02 (m. 2H), 7.85 (d, 1H). 7.60 (m, 2H), 7.48 (t, 1H),
5.74 (s, 111, 2.96 (s, 3t1). C NMR (300 MHz, CDCl3) é: 142.86,
139.57,132.62,132.30,132.02,131.60, 131.13, 129.02, 128.86, 124.90,
124.47,122.51, 121.59, 120.40, 114.86, 114.54, 29.02. Anal. calcd for
CigH13NqFs: €, 63.16; 1, 3.83: N, 16.65. Found: C, 63.03; H, 3.76; N,
16.74.

4.2.9. 1-(3-Chlorophenyl}-N-methylimidazof1,2-ajquinoxalin-4-
amine (7i)

3-Chlorephenylboronic acid (339 mg, 2.16 mmol). Yellow solid
(63%). M.p.: 188 °C. 'H NMR (300 MHz, CDCls) 6: 8.48 (s, 1H), 8.02
td, TH), 7.67 (t, 1H), 7.58 (m, 2H), 7.49 (m, 3H), 7.10 (s, 1H), 5.74 (s,
TH), 2.81 (s, 3H). '3C NMR (300 MHz, CDCl3) 4: 142.86, 139.57,
135.86, 131.13, 130.50, 130.16, 129.76, 129.36, 129.02, 126.68, 124.9,
124.46, 123.39, 122.86, 121.74, 114.96, 29.15. Anal. calcd for
CiyH13CINg: C, 66.13; H, 4.24; N, 11.48. Found: C, 66.35; H, 4.01; N,
11.25.

1.2.10. 1-(3-Carboxyphenyl)- N-methylimidazo[1,2-aJquinoxalin-4-
amine (7j)

3-Carboxyphenylboronic acid (357 mg, 2.16 mmol). Orange
solid (87%). M.p.: 130 °C. 'H NMR (300 MHz, CDCl3) 6: 8.41 (d, 1H),
8.26 (s, 1H), 8.01 (m, 211), 7.80 (m, 4H), 7.58 (m, 2H), 7.47 (t, 1), 2.95
£s, 3H). 3C NMR (300 MHz, CDCl3) 6: 167.35, 142.86, 139.54, 131.88,
131.13, 130.34, 129.02, 128.76, 1271, 126.72, 124.9, 124.47, 122.51,
122.38, 114.96, 29.20. Anal. calcd for CigH14N4O5: C, 67.92; H, 4.43;
N, 17.60. Found: C, 67.72; H, 4.35; N, 17.63.

1.2.11. 1-(3-Fluorophenyl)- N-methylimidazo[1,2-a]quinoxalin-4-
amine (7k)

3-Fluorophenylboronic acid (303 mg, 2.16 mmol). Yellow solid
(66%). M.p.: 220 °C. 'H NMR (300 MHz, CDCl3) d: 8.22 (s, 1H), 7.98
(d.1H), 7.59 (m, 3H), 7.48 (m, 2H), 7.22 (s, 1H), 7.03 (d, 1H), 5.74 (s,
1H), 2.96 (s, 1H). C NMR (300 MHz, CDCl3) d: 163.95, 142.86,
139.57, 132.57, 132.15, 13113, 129.02, 128.63, 126.77, 124.90,
124.47,121.59, 115.29, 114.96, 111.90, 111.36, 29.20. Anal. calcd for
Cy7Hiz FNg: € 69.85; H, 4.48; N,19.17. Found: C, 69.79; H, 4.48; N,
18.97.

1.2.12. 1-(3-Cyanophenyl)- N-methylimidazo[1,2-ajquinoxalin-4-
amine (71)

3-Cyanophenylboronic acid (351 mg, 2.16 mmol). Beige solid
(84%). M.p.: 249 °C. TH NMR (300 MHz, CDCl3) 4. 8.41 (s,1H), 8.13 (d,
1H), 8.00(d, 111), 7.77 (d. 1H), 7.64 (m, 3H), 7.51 (m, 2H), 5.77 (s, 1H),
2.76 (s, 3H). 3C NMR (300 Miiz, CCl3) 6: 142.86, 139.57, 132.25,
131.64, 131.13, 130.04, 129.02, 128.70, 128.67, 127.96, 127.41, 124.90,
124.47, 119.70, 114.96, 113.80, 29.20. Anal. calcd for CigHy3Ns: C,
72.23; H,4.38; N, 23.40. Found: C, 72.01; H, 4.71; N, 23.25.

4.2.13. 1-(3-Nitrophenyl)- N-methylimidazo[1,2-ajquinoxalin-4-
amine (7m)

3-Nitrophenyiboronic acid (399 mg, 2.16 mmol). Yellow solid
(95%). Mi.p.: 236 °C. 'H NMR (300 MHz. CDCl3) 6: 8.21 (s, TH), 8.01
(d. 1H), 7.70 (m, 2H), 7.58 (d, 1H), 7.40 (m, 2H), 717 (m, 2H), 5.17 (s,
1H), 3.01 (s, 3H). ¥C NMR (300 MHz, CDCl3) §: 147.62, 142.86,

139.57, 131.19, 131.13, 129.02, 127.32, 127.16, 126.99, 126.43, 124.90,
124.66, 124.40, 122.75, 120.76, 114.96, 29.20. Anal. calcd for
C17H13N50;: €, 63.94; H, 4.10; N, 21.93. Found: C, 64.13; H, 3.89; N,
21.66.

4.2.14. 1-(3-Furan-N-methylimidazo[1,2-a]Jquinoxalin-4-amine
(7n)

3-Furanboronic acid (243 mg, 2.16 mmol). White solid (96).
M.p.: 190 °C. 'H NMR (300 MHz, CDCly) 6: 8.24 (s, 1H), 7.90 (m, 3H),
7.83 (s, 1H), 7.62 (t, 1H), 7.50 (m, 2H), 7.12 (m, 2H), 6.98 (s, 1H), 5.74
(s, 1H), 4.85 (d, 1H), 2.85 (s, 3H). '*C NMR (300 MHz, CDCl3) é:
141.50,137.73, 135.60, 130.13, 128.79, 128.02, 124.24, 123.70, 117.85,
116.09, 113.61, 107.72, 94.65, 29.20. Anal. calcd for Ci5H1aN4O: C,
68.17; H, 4.58 N, 21.20. Found : C, 68.20 ; H, 4.56 ; N, 21.17. ‘

4.3. Cell lines and culture techniques

Melanoma (A375) human cancer cell lines were obtained from
American Type Culture Collection (Rockville, Md., USA). Cells were
cultured in RPMI medium containing RPMI-1640 (Gibco Laborato-
ries, France), 10% heat-inactived (56 °C) foetal bovine serum (FBS)
(Polylabo, Paris, France), 2 mM t-glutamnine, 100 1U/ml penicillin G
sodium, 100 pg/ml streptomycin sulphate, and 0.25 ug/ml ampho-
tericin B. Cells were maintained in a humidified atmosphere of 5%
CO; in air at 37 °C.

4.4. In vitro cytotoxicity assay

Previously to the experiments, the number of cells by well, the
doubling time and the MTT concentration have been optimized. In
all the experiments, A375 cells were seeded at a final concentration
of 5000 cells/well in 96-well microtiter plates and allowed to attach
overnight. After 20-24 h incubation, the medium was aspirated
carefully from the plates using a sterile Pasteur pipette, and cells
were exposed (i) to vehicle controls (1% DMSO/culture medium and
culture medium alone), (ii) fotemustine and imiquimod at concen-
trations of 107*=107'% uM, diluted in the culture medium, and (iii) to
the synthesized compounds (10~*-1071% uM) dissolved in a mixture
1% DMSO/culture medium (v/v). After 96 h of incubation, 10 pl of
MTT solution in PBS (5 mg/ml, phosphate-buffer saline pH 7.3) was
added to each well, and the wells were incubated at 37 °C for 4 h.
This colorimetric assay is based on the ability of live and metaboli-
cally unimpaired tumor-cell targets to reduce MTT to a blue for-
mazan product. At the end of the incubation period, the supernatant
was carefully aspirated, then, 100 ul of a mixture of isopropyl alcohol
and 1 M hydrochloric acid (96/4, v/v) was added to each well. After
10 min of incubation and vigorous shaking to solubilize formazan
crystals, the optical density was measured at 570 nm in a microcul-
ture plate reader (Dynatech MR 5000, France). For each assay, at least
three experiments were performed in triplicate.

The individual cell line growth curves confirmed that all A375
lines in control medium remained in the log phase of cell growth
96 h after plating. Cell survival was expressed as percent of vehicle
control. The ICso values defined as the concentrations of drugs
which produced 50% cell growth inhibition; 50% reduction of
absorbance, were estimated from the sigmoidal dose-response
curves.
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