-
-

-
T A g -1 ] oy

’ L @ mamagm g Tat
CrLae T v =

alame LI
"Iy .l - .
-4 v e B S B ot T g K

T o LATTRENRD - IR

casy my amem =T & -n EEoEeYETS
- LY ) b

Tt PR T i

Sefor
SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

E. S D.
Re: P1,-AST NE B,- e nci
i T A T A
DEL DOLOR",- Cl -E nte nome - -
® 1. Me reflero a mi solicitud arrlba nombrada de fecha 21 de

Diciembre de 2000.
2. Anexos me permito presentar a usted:

(1) Coplas autenticas (2) de las primeras solicitudes de patente
presentédas para el Invento arrlba nombrado respecto de
la cual reclamo prioridad, a saber:

(a) Copla autentica debidamente certificada de la sollicitud
. estadinense numero 60/171.906 de 23 de Diclembre
de 1999, junto <con Ja traduccion oficlal
correspondiente a las legallzaciones y reivindicaclones
de dicho documento;

(b) Copla autentica debidamente certificada de la solicitud
estadinense nimero 60/236.783 de 29 de Septiembre
de 2000, junto <con la traduccidn oficial
correspondiente a las legallzaclones y relvindicaclones
de dicho documento;

(c) Copla debidamente autenticada por el Notario Sexto
del Circulo de Bogotd, de los documentos que
acreditan la calldad de Traductor Oficial de la sefiora
Marfa Luisa Brigard de Restrepo, quien elaboré la



(2)

(3)

(4)

(5)

traducclon de las legallzaciones y relvindicaciones de
las solicltudes estadinenses numero 60/171.906 y
60/236.783 de 23 de Diciembre de 1999 y 29 de
Septlembre de 2000 respectivamente.

Documento que acredita el traspaso que los autores del
Invento de la referencia hacen a favor de ml representando,
de sus derechos sobre el mismo, debldamente legallzado
hasta por el Ministerio de Relaclones Exteriores de Colombla
bajo el numero 214839 de 30 de Enero de 2001;

Traduccién Oficial No. 417, debldamente legallzada hasta por
el Ministerlo de Relaciones Exteriores de Colombia bajo el
nimero 408341 de 9 de Febrero de 2001, correspondiente a
dicho documento de traspaso;

Documento que acredita el traspaso que los autores del
invento de la referencla hacen a favor de ml representando,
de sus derechos sobre el mismo, debidamente legalizado
hasta por el Ministerio de Relaciones Exteriores de Colombia
bajo el numero 214840 de 30 de Enero de 2001;

Traducclén Oficlal No. 418, debidamente legallzada hasta por
el Ministerio de Relaclones Exteriores de Colombia bajo el
ndmero 408342 de 9 de Febrero de 2001, correspondiente a
dicho documento de traspaso.

3. Ruego a usted tomar atenta nota de lo anterior y proceder de

conformidad.

Seitor Superintendente,

C6d|go 231



REPUBLICA DE COLOMBIA “w
MINSTERIO DE RELACIONES EXTIRIORES ~

EL SUSCRITO JEFE DEL AREA DE
LEGALIZACIONES DEL MINISTERIO DE
RELACIONES EXTERIORES

CERTIFICA

Que revisados fos registros que se llevan en la oficina de Lagalizaciones aparece la
firma de !a sefiora MARIA LUISA DE BRIGARD DE RESTREPO como
traductora e intérprete oficial para los idiomas INGLES - ESPANOL, ESPAROL-
INGLES, segun resolucién 0793 del 21 de marzo de 1958

La anterior certificacién se expide a solictud de la interesada qulen se identificé
con cédula de cludadania No. 20.024.691 expedida en Santa Fe de Bogotd.

Dada en Santa Fe de Bogota, D.C. a las veinticinca (25 ) dias de marzo de 1999
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TRADUCCION OFICIAL No. 5.800
de un documento escrito en INGLES, ¢l cual paras su identificacién se sclla con el sello
del Traductor al mismo tiempo que la presente. -

ESTADOS UNIDOS DE AMERICA
A CUANTOS LLEGAREN LAS PRESENTES:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

. o
Oficina e Patentes y Marcas de Fébcica de los Estados Unidos ~_5:5=
or’

POR LA PRESENTE SE CERTIFICA QUE ANEXA AQUI SE ENCUENTRA UNA
COPIA FIEL, TOMADA DE LOS REGISTROS DE LA OFICINA DE PATENTES Y
MARCAS DE FABRICA DE LOS ESTADOS UNIDOS, DE LOS DOCUMENTOS DE
LA SOLICITUD DE PATENTE IDENTIFICADA ABAJO QUE SATISFACEN LOS
REQUISITOS PARA QUE SEA OTORGADA UNA FECHA DE REGISTRO SEGUN
35 USC 111

NUMERO DE SOLICITUD: 60/171,906

FECHA DE REGISTRO: 23 de diciembre de 1999,

Por Autorizacién del
COMISIONADO DE PATENTES Y MARCAS DE FABRICA
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(Firma)
L. EDELEN
Funcienario Certificador

Sello: OFICINA DE PATENTES Y MARCAS DE FABRICA - ESTADOS UNIDOS DE
AMERICA -

en la “Oficina de Comreo Expreso para el Destinatario” del servicio Postal de Igs
Unidos en 1a fecha indicada arriba en un sobre dirigido a ‘
Comisionado Auxiliar de Patentes, Washington, D.C., 20231. =5 v

23 de diciembre de 1999 Kenneth F. Mitchel (Firma)
(Fecha) (Nombre Impreso) (Firma)
Zeneca Inc.
Expediente No.
EN LA OFICINA DE PATENTES Y MARCAS DE FABRICA
DE LOS ESTADOS UNIDOS
CASILLA PROVISIONAL
Comisionado Auxiliar para Patentes

Washington, DC 20231



Sefior:

TRANSMISION DE SOLICITUD DE PATENTE PROVISIONAL
SEGUN 37 CFR §1.83(¢)

Con |a presente se transmite para un registro de Solicitud Provisional la solicitud
de patente de: Inventor(es): Thomas Michael Bare, 1057 Windy Knoll Road, West
Chester, Pennsylvania 19382; Rebecca Urbaneck, 1800 Concord Pike, Wilmington,
Delaware 19850-5437; Dean Brown, 1800 Concord Pike, Wilmington, Delaw::r'e‘;
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Para: COMPUESTOS DE PIRIDAZINO-QUINOLINO-DIONA PARA EL DOLOR

Dirigir toda la correspondencia a:

Nimero del Cliente 22466

Sirvase dirigir todas las llamadas telefénicas a Kenneth F. Mitchell al teléfono niimero
(302) 866-7466.

1 Anexos estin:
X Descripcion (77 paginas)
X  Otros (especificar) Tarjeta de Devolucién Postal



2. Los derechos totales por 1a suma de $150.00 deben carparse a la Cuenta de
Depdésito No. 26-0166. Esta hoja se incluye en duplicado.

2. X  El Comisionado Auxiliar es autorizado por la presente para cobrar
cualesquiera derechos adicicnales requeridos o acreditar cualquier
excedente de pago a la Cuenta de Depésito Nimero 26-0166. Ests hoja
se incluye en duplicado.

La invencién no fuc hecha por una agencia del Gobiemo de los Estados Unidos ni bajo 52090

ZENECA Inc.

Fechado: 23 de diciembre de 1999 Por- ____ (Firma)
Kenneth F. Mitchell, Ph. D.
Reg. No. 42,007
Apoderado de los Solicitantes
Teléfono: 302/886-7466

Zeneca, Inc.

Expediente No.




KFM.1999004
REIVINDICACIONES
1.  Unmétodo para el tratamiento del dolor que consiste en administrar a un individuo

necesitado de ello una cantidad efectiva de cualquier compuesto acorde con el diagrama
estructural I,

o sales farmaceuticamente aceptables de tales compuestos, tantémeros de tales compuestos
o isémeros 6pticos de tales compuestos,

en donde:

R! es escogido, en cada caso independientcmente, entre hidrégeno, halo y NO,, y
¢l anillo A tiene cuatro grupos R;

R es escogido entre (CH,),L, y C(R®}(CH,),L, en donde » es un entero escogido
entre la escala de 0 a 6, y R? es escogido, en cada caso independientemente, entre
hidrégeno, halégeno, alquilo C,, y cicloalquilo C,;
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L es fenilo sustituido con uno, dos, tres o cuatro grupos escogidos entre: OR® en

donde R’ es escogido entre hidrégeno y piridil-metilo, N(R*), en donde R* es escogido,

-en cada caso independientemente, entre hidrégeno y alquilo C,,, halégeno, carboxilo,

alquilo C,_,, O-alquilo C,_, alquenilo C,, alquinilo C, , un grupo heteroarilo escogido

entre furamilo, oxazolilo, oxadiazolilo, tiadiazola, tetrazolilo, morfolinilo y

bencimidazolilo, morfolino-N-carbonilo, ¢l grupo OC(O)N(R®), en donde R®es escogido,
en cada caso independientemente, entre hidrégeno, alquilo C,, y fenilo; o

L es heteroarilo escogido entre piridilo, iscoxazolilo, oﬂaim;ilo, tidfs
benzo[b}tiofenilo, benzofuranilo y pirazinilo; en donde dicho st
con uno, dos o tres grupos escogidos entre: hidroxi, alquilo C,_, hidroxialquilo C,, y
metoxifenilo; o

L es tetrahidrofuranilo; y

R¢ es escogido entre OH y OC(O)N(R?)., en donde R” es escogido, en cada caso
independientemente, entre hidrégeno y alquilo C, .

2.  Un método acorde con la Reivindicacién 1 en el que en dicho compuesto acorde
con ¢l diagrama estructural I

R' y ¢l anillo A en combinacién son 7-halofenilo y L es escogido entre grupos
fenilo, piridilo, isooxazolilo, oxadiazolilo, tiofenilo, benzo[bJtiofenilo, benzofuranilo y
pirazinilo, en donde, cuando estin sustituidos, dichos grupos estin sustituidos con una,
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dos o tres mitades escogidas independientemente en cada caso entra halo, hidroxi, oxo,
carbonilo, carbonilamino, alquilo C,_, e hidroxialquilo C,,.

3. Un método acorde con la Reivindicacién 2 en ¢l que en dicho compuesto acorde
con el diagrama estructural I:

R'y el anillo A en combinacién son 7-clorofenilo.

-"‘ﬂ.“

4. Unmétodomdeoonlakeivindicaciénleﬁelquewc.&np
con el diagrama estructural I:

R es (CHy).L en donde 7 5 un entero escogido entre 1a escalade 0a 6,y L es
fenilo sustitufdo con uno, dos, tres o cuatro grupos escogidos entre: OR* en donde R® es
escogido entre hidrégeno y piridil-metilo, N(R*), en donde R* es escogido, en cada caso
independientemente, entre hidrégeno y alquilo C,_, halégeno, carboxilo, alquilo C, ,, O-
alquilo C,.,. alquenilo C,,, alquinilo C,,, un grupo heteroarilo escogido entre furanilo,
oxazolilo, oxadiazolilo, tiadiazola, tetrazolilo, morfolinilo y bencimidazolilo, morfolino-
N-carbonilo, el grupo OC(O)N(R?), en donde R’ es escogido, en cada caso
independientemente, entre hidrégeno, alquilo C,., y fenilo y R® es hidroxi.

5. Un método acorde con la Reivindicacién 1 en el que en dicho compuesto acorde
con el diagrama estructural I:

R es (CH,),L en donde 7 es un entero escogido entre 1a escalade 0 a 6, y L es
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heteroarilo escogido entre piridilo, iscoxazolilo, oxadiazolilo, tiofenilo, benzo[b]tiofenilo,
benzofimanilo y pirazinilo; en donde dicho heteroarilo esté sustituido con uno, dos o tres
grupos escogidos entre: hidroxi, alquilo C,,, hidroxialquilo C, , y metoxifenilo y R®
hidroxi.

6. Un método acorde con la Reivindicacion 1 en el que en dicho compuesto acorde
con ¢l dingrama estructural I:

ot ore’s

R es (CH,).L en donde 1 ¢s un catexo escogido entre lyoet¥f de 0 a

tetrahidrofuranilo y R es hidroxi. e Lt o

7 Un método acorde con 1a Reivindicacién 1 en el que en dicho compuesto acorde
con el diagrama estructural I:

R es C(R®(CH,).L, en donde » es un entero escogido entre la escalade 0a 6, y R?

es escogido, en cada caso independientemente, entre hidrégeno, halégeno, alquilo C,; y
cicloalquilo C,,.

8. Un método acorde con la Reivindicacién 1 en el que dicho compuesto es escogido
entre;

7-cloro-4-hidroxi-2-(2,4,6-trimetilfenil)-1,2,5, 10-tetrahidropiridazino[4,5 -
bjquinolino-1,10-dions;
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7,9-dicloro-4-hidroxi-2-(4-metoxi-2-metilfenil)- 1,2, 5,10-tetrahidropiridazino[4,5-

b]quinolino-1,10-diona;

7-cloro-4-hidroxi-2-(2-cloro-4-metilfenil)-1,2,5, 10-tetrahidropiridazino[4,5 -
blquinolino-1,10-diona;

metil-4-[(7-cloro-4-hidroxi-1,10-dioxo-2,5-dihidropiridazino{4,5-b]quinolin-2-
il)metil]benzoato;

tetrahidropiridazino[4, 5-blquinolino-1,10-diona (7);

7-cloro-4-hidroxi-2-[4-(morfolino-4-carbonil)bencil]-1,2,5,10 -
tetrahidropinidazino[4,5-b]quinolino-1,10-diona (7),

7-cloro-4-hidroxi-2-[3< 1h-tetrazol-5-il)-bencil}-1,2, 5, 10-etrahidropiridazinof4,5-
blquinolino-1,10-diona (7);

4-(7-cloro-4-hidroxi-1, 10-dioxo-5,10-dihidro- 1 A-piridazino[4,5-b]quinolin-2-
ilmetil}-»-furan-2-ilmetil-benzamida;

preparacién de metanosulfonato de 7-cloro~4-hidroxi-2-(4-dimetilaminobencil)-
1,2,5,10-tetrahidropiridazinof 4,5-b]quinolino-1,10-diona (4);
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metanosulfonato de 7-cloro4-hidroxi-2-(bencimidazol-5-ilmetil)-1,2,5,10-
tetrahidropiridazino[4,5-b]quinolino-1, 10-diona;

7-cloro-4-hidroxi-2-(4-hidroxi-3-metil-bencil)-1,2,5, 1 0tetrahidropiridazinof4, 5-
blquinolino-1,10-diona (2);

7-cloro-4-hidroxi-2-[3-metil-4-(piridin-2-ilmetoxi)-bencil)-1,2,5,10 -
tetrahidropiridazinof4,5-blquinolino-1, 10-diona (2);

4-(7-cloro-4-hidroxi-1, 10-dioxo-5, 10-dihidro- 1h-piridagpof
ilmetil)-2-metilfeniléster de dcido dimetilcarbmico (7) (métodog) — ™

4(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro-1h-piridazino{4,5-b]quinolin-2-
ilmetil)-2-metilfeniléster de Acido dimetilcarbémico (7) (método b)

3-(7-cloro-4-hidroxi-1,10-dioxo-5,10-dihidro- 1h-piridazino[4,5-b]quinolin-2-
ilmetil)-feniléster de cido dimelilcarb_imico;

4-(7-cloro-4-hidroxi-1,10-dioxo-5,10-dihidro- 1h-piridazino[4,5-b]quinolin-2-
ilmetil)-feniléster de dcido metilfenilcarbimico;

4-(7-cloro-4-hidroxi-1,10-dioxo-5,10-dihidro-1h-piridazino[4,5-b]quinolin-2-
ilmetil)-feniléster de écido dietilcarbdmico;

10
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3-(7-cloro-4-hidroxi-1, 10-dioxo-5,10-dihidro- Lh-piridazino{4,5-b]quinolin-2-
ilmetil)-feniléster de écido dietilcarbdmico;

3-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- lh-piridazino[4,5-b]quinolin-2-
ilmetil)-feniléster de dcido morfolino-4-carboxilico;

3-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- lh—piridazino[4,5-b]q|ﬁnolin-§90
ilmetil}-feniléster de 4cido metilfenilcarbimico;

-

3-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- 1h-pirigds
ilmetil)-feniléster de &cido difenilcarbimico; -

3-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- Lh-piridazino[4,5-b] quinolin-2-
ilmetil)-feniléster de &cido pirrodinilo-1-carboxilico;

4-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- lh-piridazin_o[4,5-b]quinolin—2—
ilmetil)-2-metilfeniléster de dcido morfolino-4-carboxdlico;

4-(7-cloro-4-hidroxi-1,10-dioxo-5,10-dihidro- 1 h-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metilfeniléster de 4cido metilfenilcarbidmico;

5-(7-clorvo-4-bidroxi-1, 10-dioxo-5,10-dihidro- 1h-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metoxifeniléster de Acido dimetilcarbamico;

11
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5-(7-cloro-4-hidroxi-1,10-dioxo-5,10-dihidro- 1h-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metoxifeniléster de écido dietilcarbémico;

5-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- 1 h-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metoxifeniléster de dcido morfolino-4-carboxilico;

metanosulfonato de 7-cloro-4-hidroxi-2-(4-piridilmetil)-1,2,5,10-
tetrahidropiridazino[4,5-b]quinolino-1,10-diona;

metanosulfonato de 7-cloro-4-hidroxi-2-(3-piridi
tetrahidropiridazino[4,5-b]quinolino-1,10-diona;

metanosulfonato de 7-cloro-4-hidroxi-2-(2-piridilmetil)-1,2,5, 10-
tetrahidropiridazino[4,5-bjquinolino-1,10-diona;

metanosulfonato de 7-cloro-4-hidroxi-2-[3-hidroxi-S(hidroximetil)-2-metil(4-
piridil)jmetil)-1,2,5,10-tetrahidropiridazino[4,5-b]quinolino-1,10-diona;

(7-cloro-1,10-dioxo-2-piridin-4-ilmetil-1,2,5, 10-tetrahidropiridazino{4,5 -
blquinolin-4-i1-éster de dcido dimetilcarbdmico (2);

7-cloro-4-hidroxi-2-(4-piridiletil)-1,2,5, 1 0-tetrahidropiridazino[4, 5-b]quinolino-
1,10-diona;

12



metanosulfonato de 7-cloro-4-hidroxi-2-(pirazin-2-ilmetil)-1,2,5,10-
tetrahidropiridazino{4,5-b]quinolino- 1, 10-diona (5);

7-cloro-4-hidroxi-2-(firan-2-itmetil)-1,2, 5, 10-tetrahidropiridazinof4, 5-b]quinolino-
1,10-diona;

7-cloro-4-hidroxi-2-[2,5-dimetil(3-furanil)}metil-1,2 5,10-tetrahidropiridazino[4,5-
b]quinolino-1,10-diona (4);

7-cloro-4-hidroxi-2-(tetrahidro-furan-2-ilmetil)-1,2,5, 10-
b]quinolino-1,10-diona;

7-cloro-4-hidroxi-2-(5-isoxazolino)-1,2,5,10-tetrahidropiridazino[4,5-b]quinolino-
1,10-diona (3);

7-cloro-4-hidroxi-2-[ 5-(4-metoxi-fenil)-[ 1,3,4Joxadiazol-2-ilmetil)-1,2,5,10 -
tetrahidropiridazino[4,5-bjquinolino-1,10-diona (6);

2-(benzo[b]tiofen-2-ilmetil)-7-cloro-4-hidroxi-2,5-dihidropiridazino[4,5 -
b]quinolino-1,10-diona;

7-cloro-10-hidroxi-2-[(3-metil(2-tienil)metil]-2,3-dihidropiridazino[4,5 -
blquinolino-1,4-diona;

13
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7-cloro-4-hidroxi-2-[4-{carbometoxi)fenil-2-etil)-1,2,5,10-tetrahidropiridazino[4,5-
blquinolino-1,10-dicna;

metanosulfonatoc de (+~) 7-cloro-4-hidroxi-2-(3-piridilet-1-il)-1,2,5,10-
tetrahidropiridazino[4,5-blquinolino-1, 10-diona;

metanosulfonate de (+-)  7-cloro-4-hidroxi-2-(2-piridiletil)-1,2,5,10-
tetrahidropiridazino[4,5-b]quinolino-1,10-diona;

metanosulfonato de (+~)  7-cloro-4-hidroxi-2-(4-piridi
tetrahidropiridazino[4,5-b]quinolino-1,10-diona;

metanogulfonato de  (+-)  7-cloro-4-hidroxi-2-(d-piridilpropil)-1,2,5,10-
tetrahidropiridazino[4,5-b]quinolino-1, 10-diona; y

7-cloro-4-hidroxi-2-(2-benzofuranil)metil-1,2,5, 1 0-tetrahidropiridazino[4,5 -
b]quinolino-1,10-diona.

9. Una composicién farmacéutica que tiene como ingrediente activo un compuesto
acorde con el, diagrama estructural 1

14



o isémeros dpticos de tales compuestos,
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en donde:

R! es escogido, en cada caso independientemente, entre hidrégeno, halo y NO,, y
el anillo A tiene cuatro grupos R';

R es escogido entre (CH,) L, y C(R)(CH,),L, en donde n es un entero escogido
entre la.czscalndeOaG,yR‘esescogido,encndacasoindependientememe, entre

hidrégeno, halégeno, alquilo C,, y cicloalquilo G, ;

L es fenilo sustituido con uno, dos, tres o cuatro grupos escogidos entre: OR® en
donde R? cs escogido entre hidrégeno y piridil-metilo, N(R*), en donde R* es escogido,
en cada caso independientemente, entre hidrégeno y alquilo C,, halbgel_:o, carboxilo,
alquilo C,,, O-alquilo C,_, alquenilo C,, alquinilo C,,, un grupo heteroarilo escogido
entre furanilo, oOxazolilo, oxadiazolilo, tiadiazola, tetrazolilo, morfolinilo y

15



bencimidazolilo, morfolino-N-carbonilo, el grupo OC(O)N(R?), en donde R® es escogido,
en cada caso independientemente, entre hidrdgeno, alquilo C,, y fenilo; o

L es heteroarilo escogido entre piridilo, isooxazolilo, oxadiazolilo, tiofenilo,
benzo[bJtiofenilo, benzofuranilo y pirazinilo; en donde dicho heteroarilo ests sustitufdo
con uno, dos o tres grupos escogidos entre: hidroxi, alquilo C,_,, hidroxialquilo C,, y
metoxifenilo; o

L es tetrahidrofuranilo; y

R® es escogido entre OH y OC(O)N(R"),, en donde R” es escogido, en cada caso
independientemente, entre hidrégeno y alquilo C, ,, y

un excipiente o diluente farmaceuticamente aceptable.

ES TRADUCCION FIEL Y COMPLETA, de la cual queda copia en los archivos de esta
oficina de traducciones, para su confrontacién y a la que me remito.

Derechos de Traduccién: $144.000,00

BOGOTA, 30 DE DICIEMBRE DEL 2000,

FAASWOROI, OPIGIAL m L0
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CYRIDA
BACKGROUND

FIELD OF THE INVENTION

This invention relates to the treatment or prevention of pain or nociception.

RELATED ART

Pain causes a great deal of suffering and is a sensory experience distinct from
sensations of touch, pressure, heat and cold. It is often described by sufferers by such terms
as bright, dull, aching, pricking, cutting or burning and is generally considered to include both
the original sensation and the reaction to that sensation. This range of sensations, as well as
the variation in perception of pain by different individuals, renders a preciso definition of pain
difficult. Where pain is "cansed” by the stimulstion of nociceptive receptors and transmitted
over intact neural pathways, this is termed nociceptive pain. A secand from of pain may be
cansed by damagoe to neursl stroctures, and often is manifested as noural supersensitivity; this
form of pain is refesred to as neuropathic pain. .

The level of stimulation at which pain is perceived is referred to as the "pain
threshold”. Where the pain threshold is raised, for instance, by the edministration of an
analgesic drug, a greater intensity or more prolonged stimulus is required before pain is
experienced. Analgesics are a class of pharmaceutical agent which, following administmation
to a patient in need of such treatment, relicve pain without loss of conscionsness. This is in
contrast to other pain-relicving drugs, for example, genaral anaesthetics which obtund pain by
producing a hiatns in consciousness, or local anacsthetics which block transmission in
paripheral nexve fibres thereby preventing pain.

Tachykinin antagonists have been reported to induce antinociception in animals,
which is believed to be analogous to analgesia in man (for review see Maggi et al, J. Auton.
Pharmacol. (1993) 13, 23-93). In paxticular, non-peptide NK-1 receptor antagonists have been
shown to produce such analgesia, thus, for example, in classical tests of chemo-nociception
(phenylbenzoquinone-indnced writhing and formalin test) the NK-1 receptor antagonist RP
67,580 produced analgesia with potency comparable to that of morphine (Garret et al, Proc.
Natl. Acad. Sci. USA (1993) 88, 10208-10212).

The opioid analgesics are a well-cstablished claxs of analgesic agent. These
compounds mre sometimes referred to as opiates although this tenii should be reserved for- =~ - -
chemical relatives of morphine. The term opioid is generlly accepted to refer in s generic
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sense to all drugs, natural or synthestic, with morphine-like actions. The synthetic and semi-
synthetic opioid analgesics are derivatives of five chemical classes of compound:
phenanthrenes; phenylheptylamines; phenylpiperidines; morphinans; and benzomorphana.
Pharmacologically these compounds have diverse activities, thus some are strong agonists at
the opioid receptors (¢.g. morphine); others are moderate to mild agonists (e.g. codeine); still
others exhibit mixed agonist-antagonist activity (e.g. nalbuphine); and yet others are partial
agonists (e.g. nalorphine). Whilst an opioid partial agonist such as nalorphine, (the N-alky]
analogue of morphine) will antagonise the annlgesic effects of morphine, when given alone it
can be a potent analgesic in its own right.

Of all of the opioid analgesics, morphine remains the most widely used and isa
suitable archetype compound. Unfortunately, apart from its useful therapeutic properties,
morphine also has a mmber of drawbacks including respiratory depression, decreased
gastrointestinal motility (resulting in constipation) and, in some individuals, nausea and
vomiting may occur. Another characteristic is the development of tolerance and physical

' dependence which may limit the clinical use of such compounds. There is therefore a need to

develop methods which enable the clinician to use lower doses of opioid analgesics such as
morphine, thereby reducing the likelihood of toierance and dependence, and thus avoiding the
major problem of drug withdrawal associated with cessation of administration

Morphine-induced emesis may be effectively blocked by the administration of a non-
peptide NK-1 receptor antagonist but it is believed that other effects of morphine, notahly
morphine-induced analgesis, are not blocked by an NK-1 receptor antagonist. Thus, treatment
with morphine and an NK-1 receptor antagonist relieves pain without reduction of the
morphine snalgasic activity, and with the added benefit of enabling lower doses of morphine
to be used, as well as reducing the likelihood of nausea and vomiting.

Presently, the primary method of treating the rheumatoid discases and arthritis is by
drug therapy using anti-inflammatory compounds directed at blocking or reducing synovial
infiammation thereby improving function and enalgesics directed to reducing pain. Aspirin
end other salicylate compounds are frequently used in treatment to interrupt amplification of
the inflammatory process and temporarily relieve the paip. Other drug compounds used for
these purposes include phenylpropionic acid derivatives such as Ibuprofen and Naproxin,
Sulindac, pherryl butazone, corticosteroids, antimalarials such a3 chloroquine and - -
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hydroxychloroquine sulfute, and fenemates. For 2 thorough review of various drugs utilized in
treating rheumatic discases, refevence is made to J. Hosp. Pharm., 36:622 (May 1979).
While known drug therapies have utility, there are drawbacks to their use. For
instance, it may take up 0 six months of consistent use of some of these medications in order
5  for the product to have effect in relieving the patient's pain. Consequently if a treatment is
without effect in particular subject, up to-six months may elapse before the physician is aware
of treatment failure. Many of existing drugs also have serious side effects in certein patients,
and subject nyust be carefully monitored to ensure that any side effects are not unduly
threatening. Most existing drugs bring only temporeary relief to sufferars and must be taken
10  consistently on a daily or weekly basis for contimed relief. With disease progression, the
amount of medication needed to alleviate the pain may increase thus increasing the potential

A for adverse side effects.
b
b
5 - SUMMARY OF THE INVENTION .
815 The present invention provides a method for the trestment of pain and compounds and
E“ compositions for use therein. .
F; The present invention is a method for treating a subject suffering from pain
ru comprising administering to said subject an effective amount of any compound in accord with
H structural diagram I,
J
20
I
‘_ or a pharmaceutically-acceptable salt thereof, wherein:

R' at each occurrence is independently selected from hydrogen, halo end NO,, and
ring-A has four R! groups;
25 R is selected from (CH,),L, and C(R?),(CH,),L. wherein n is an integer selected from -
the range 0 to 6 and R? at each occurrence is independently selected from hydrogen, halogen,
Cy.alkyl end C, cycloalkyl; and

-3
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L is phenyl substituted with one, two, three or four groups selected from: OR? whare
R’ is selected from hydrogen and pyridyl-methyl, N(R*), where R* st each ocourrence is
independently selectod from hydrogen and C, alkyl, halogen, carboxyl, C,..alkyl, O-C, ,alkyi,
C, alkenyl, C, ;alkynyl, a heteroaryl group selected from furanyl, oxazolyl, cadiazolyl,
thiadiazole, tetrazoly], morpholiny] apd benzimidazoly), morpholino-N-carbonyl, the group
OC(O)N(R?), where R? at each occurrence is independently selected from hydrogen, C, ,alkyl
and phenyl; or

L is heteroaryl selected from pyridyl, isooxazolyl, axadiazolyl, thiophenyl,
benzo{b]thiophenyl, benzofuranyl and pyraziny]; where sny said hetercary! is substituted with
one, two or three groups selected from: hydroxy, C, alkyl, hydroxyC, aliyl and
methoxyphenyl; or

L is tetrahydrofuranyl;

R® is selected from OH or OC(O)N(R"), wherein R’ at each occurrence is
independently selected from hydrogen or C,_alkyl.

In particular compounds in accord with structural disgram I useful in the method of
the present invention, ring-A has a 7-linked halo group and L is selected from substituted or
unsubstituted phenyl, pyridyl, isooxazolyl, oxadiazolyl, thiophenyl, benzo[bjthiophertyl,
benzofuranyl and pyrezinyl groups, where, when substituted, said groups are substitated with
one, two or three moieties independently selected st each occurrence from halo, hydroxy, oxo,
carbanyl, carbonylamino,C, ,alky! and hydroxyC, .alkyL.

In other particular compounds in accord with structural diagram I useful in the method
of the present invention, n is an integer selected from 1, 2 or 3 and L is selected from
substituted or unsubstituted furemyl, thiophentyl, pyzidyl, pyrrolidinyl, benzimidazolyl,
benzothiophenyl and phenyl moieties, R! is hydrogen or chloro, and ring-A has a 7-linked
chioro group.

In yet other particular compounds in accord with structural diagram 1 useful in the
method of the present invention, R' and ring-A in combination are 7-halophenyl. In mare
particular compounds useful in the method of the invention R’ and ring-A in combination are
7-chlorophenyl.

In still other perticular compounds in accard with structural diagram I useful in the
method of the present invention, R is (CH,),L, wherein n is an integer selected from the range
0 to 6, and L is phenyl substituted with one, two, three or four groups selected from: OR?

- -
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where R is solected from hydrogen and pyridyl-methyl, N(R*), where R* at each occurrence is
independently selected from hydrogen and C,_alkyl, balogen, carboxyl, C, ,alkyl, O-C, jalkyl,
C,alkenyl, C, alkynyl, a heteroaryl group selected from furanyl, oxazolyl, oxadiazolyl,
thisdiazole, tetrazolyl, morpholinyl and benzimidazolyl, morpholino-N-carbonyl, the group
5  OC(O)N(R?), where R® at each occwrence is independently selected from hydrogen, C, alkyl
and phenyl, and R is hydroxy.
In further particular compounds in accord with structural diagram I useful in the
method of the present invention, R is (CH,),L, wherein n is an integer sclected from the range
0 to 6, and L is heteroaryl selected from pyridyl, isooxazolyl, oxadiszolyl, thiophenyl,
10  benzo[b]thiophenyl, benzofuranyl and pyrezinyl; where any said heteroaryl is substituted with
ano, two or three groups selected fram: kydroxy, C, salkyl, hydroxyC, alkyl and
Eg methoxypheny! and R* is hydroxy.

1 In yet further particular compounds in accord with structural disgram I useful in the
P :f method of the present invention R is (CH,),L, wherein n is an integer salected from the range

g 15 0to6,L is tetrahydrofuranyl and R* is hydroxy.

Eﬂ In other compounds in accord with structural diagram I useful in the method of the

n present invention, R is C(R®,(CH,),L wherein n is an integer selected from the range 0 to 6

FH and R? at each occurrence is independently selected from hydrogen, halogen, C, ,alkyl and C,

tg cycloalkyl.

g 20 Compounds in accord with stroctural disgrem I useful in the method of the present

invention, include pharmaceutically-aceptable salts of such componnds, teutomers of sach
compounds and optical isomers of such compounds.

Particular compounds in accord with structural diagram I usefiil in the method of the
present invention, are those in the Examples described hereinafier.

25 Pharmaceutical compositions having as an active ingredient compounds in accord with
s structural diagram I are within the scope of the present invention.

The method of the present invention and compounds used therein are useful for the
treatment of pain of any etiology, including acute and chronic pain and any pain with an
inflammatory component. Examples of acute pain include neuropathic pain and pain

30  asyocisted with inflammatory diseases, such as irritable bowel syndrome and theumatoid-

arthritis, other include post-openitive pain, migraine, béadaché dind tHigeminal nedralgi ~*© v -

Exsmples of chronic pain include, in particulsr, pain associated with musculo-skeletal

-5-



L T NN RE——— 1 LN Y

- - -,

10

15

30

disorders such as rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, sero-negative,
that is, non-rheumatoid, arthropathies, non-articular rheumatism and peri-articular disorders,
and pain associated with cancer, peripheral neuropathy and post-herpetic neuralgia. In
addition to some of those described above, examples of pain with an inflammatory componeat
include rhoumatic pain, dental pain and dysmenorrhoca.

DETAILED DESCRIPTION OF THE INVENTION

The invention comprises a method of treating a subject suffering from pain with an
effective amount of a compound of formula I, as described heretofore.

Compounds of the invention are active in a number of preclinical pain models in .
rodents. For example, such compounds are active at 15 mg/kg/d x 5 days (po) in the chronic
copstriction injury (CCI) mode!l of nearopathic pein. Further, in the rat formalin test,
compounds have ED s of less than 100 mg/kg (po) and have a duration of action of greater
than 6 hrs.

Compounds of the present invention are potent, selective and novel antagonists at the
glycine site of the NMDA receptor complex. They inhibit the binding of [*H-Glycine] to rat
or buman brain NMDA receptors in the 100 nM range. Compounds of the invention are more
poteat in inhibiting NMDA-induced calcium fux through the NR2A and NR2C subtype than
the NR2B and NR2D subtypes. When tested at 10 pM, compounds of the invention do not
show any significant binding activity in in vitro binding asseys to 85 different receptors,
including kninate, glutamate and strychnine-sensitive glycine binding sites.

Compounds of the invention show litle toxicity after administration of single doses up
to 1000 mg/kg (po), and no effects on cardiovascular parameters (br, bp) are seen after single
doses of 30 and 300 mg/kg (po).

As used herein the term “halo™ means chloro, bramo, iodo or fluoro.

As used herein the term “range 0 t0 6," or the like, means the integral values in the
stated range, in this example the values 0, 1,2, 3,4, 5 and 6.

Compounds useful in the method of the invention are iltustrated by the particular
compounds of the Examples.
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leri-Butgx 2.4.6-trimethylphenvDeaminolcarboxamide (3

A suspension of 2,4,6-trimethylphenylhydrazine hydrochloride (15.02 g, 80.46 mmol)
in aaturated aqueous NaHCO, was stirred for 10 minutes and then treated with solid K,CO,
(18.97 g, 137.25 mmol). The resulting fine light yellow suspension was stirred for 10
minutes. A solution of di~-butyldicarbonate (25.03 g, 89.00 mmol) in 375 mL
tetrahydrofuran was added over 5 minutes and the resulting biphasic mixture was vigorously
stirred for 3 hours. The reaction mixture was partitioned in water and the aqueous layer was
extracted with ether (3 x 75 mL). The combined organic layers were washed with saturated
NaCl (2 x 100 mL) and distilled water (2 x 100 mL), dried over MgSO,, and concentrated
under reduced pressure, Drying under high vacuum afforded sn orange oil which crystallized
upon standing. The material was triturated in 5% ether in hexanes overnight to afford & beige
solid which was isolated by filtration (13.82 g). The solid was recrystallized from
ether/hexanes to afford 11.85 g (59%) of the desired product (2) es a cream colored solid. The
filtrates from the trituretion and crystallization were combined and concentrated to afford
13.50 g of material which was purified by flash chromatngraphy on silica ge! using 25:75
cther:bexancs as eluent. This afforded an additional 4.69 g (23%) of the title compound. 'H
NMR (300 MHz,CDCL,) d 6.79 (s, 2 H), 625 (bs, 1 H), 5.65 (bs, 1 H), 2.34 (s, 6 H), 2.22 (s, 3
H), 1.40 (s, 9 H); MS (CI) m/z 249.

carboxylic acid (3, 15.25 g, 47.55mmol) in anhydrous tetralrydrofuran (730 mL) under
nitrogen was added 1,3-dicyclohexylcarbodiimide (11.66 g, 56.51 mmol). The (rer#-butoxy)-
N-[(2,4,6-trimethy] phenyamino]carboxamide (2, 16.54 g, 66.07 mmol) was dissolved in
270 mL anhydrous tetrahydrofuran and added to the bright yellow reaction mixture. The
reaction mixture was stirred at room tempezature for 5 hours and then heated at 60 °C for 20
hours. After cooling to room temperature, the mixture was filtered and solids (dicyclohexyl
urea, DCU) were washed with ether. The filtrate was concentrated and then dried under high
vactum to afford a brown oil. The material was purified by flash chromatogruphy on silica
gel using a gradient of 99:1 to 95:5 methylene chloride:methanol as eluent. Concentretion of
the eppropriate fractions provided a‘tan solid (21.40 g) whitch was sonicated in methanol and -
filtered to remove the remaining DCU from the desired solid product. This purification

—-7-
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procedure was repeated until all of the DCU.was removed. A total of 18.04 g (69%) of N-
[(tert-butoxy)carbonylamino][7-chloro-4-oxo-2~(pyrrolidinylcarbonyl)(3-lrydroquinoiyf)}-N-
(2.4,6-trimcthy! phenylcarboxamide (4) was obtined. 'H NMR (300 MEz, DMSO, d,) d
13.14 (s, 1 H), 9.08 (bs, 1 H), 8.28 (d, 1 H, J,=8.7 Hz), 7.69 (d, 1 H, J,=1.6 Hz), 7.56 (dd, 1
H, J=8.7 Hz, J,=1.6 Hz), 6.88 (s, 2 H), 3.44 (m, 4 H), 2.32 (s, 6 H), 224 (s, 3 H), 1.86 (m, 4
H), 1.09 (bs, 9 H); MS (-CI) m/z 552.

To a stirred suspension of N-[{rer7-butoxy)carbonylamino][7-chloro-4-oxo-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)]-N-(2,4,6-trimethyl phenyl)carboxamide (4, 3.72 g,
6.65 mmol) in 180 ml. enbydrous tetrahydrofuran under nitrogen was added methanesulfonic
acid (21.0 mL, 32.40 mmol). The resulting bright yellow solution wes stirred at room
temperature for 18 hours. The solution was poured into 1700 mL water, stirred 1 hour, and
filtered to afford a yellow solid. After sonication in methanol, pure 7-chloro-4-trydroxy-2-
(2,4,6-trimethylphenyl)-1,2,5,10-tetrahydropyridazino[4,5-blquinoline-1,10-dione (5) was
obtained by filtration as a beige solid (1.21g, 47%), m.p. 187-189 °C. 'H NMR (300 MHz,
DMSO, d,) d 12.79 (bs, 1 H), 12.06 (bs, 1 H), 8.16 (d, 1 H, J,=8.7 Hz), 8.07 (d, 1 H, J_=1.3
Hz), 7.46 (dd, 1 H, J=8.7 Hz, J_=1.3 Hz), 2.29 (s, 3 H), 2.02 (s, 6 H); MS (CI) m/z 382/384.

Calc’d. for C;H,,CIN,0,00.3H,0: C, 62.04; H, 4.32; N, 10.85. Found C, 62.01; H,
422; N, 10.71.

mL water at 0 °C was added 378 mL 12N HCI over 30 minutes. The temperature was kept
below 10 °C during the addition and then lowered to -10 °C. A solution of sodium nitrite
(35.46 g, 0.51 mole) in 350 ml. water was added over 25 minutes while maintaining the
reaction mixture temperature at -10 10 -5 °C. The dark purple solution was stirred at -10 to -5
C for 1 hour and thea cooled 1o -15 to -20 °C. A solution of tin{I) chlaride dihydrate
(341.54 g, 1.51 mole) in 227 mL. HCI was added dropwise to the stirred reaction mixture over - -
45 minutes. The resuiting dark lavender mixture was stirred at -10 10 -20 *C for 2.5 hours.
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The reaction mixture was quenched with 158 mL ethano! (added dropwise over 15 minutes),
stirred at 20 °C for 45 minutes, and filtored through a pre-chilled fritted glass funnel. The
solids were washed with cold 1:1 ethanol:ether (4 x 350 mL) and cold ether (2 L) and air dried
for 30 minutes. After drying under high vacuum, the 2-methyl-4-methoxypheaylhydrazins
hydrochloride (7) was obtained as a white solid (51.90 g, 53%). 'H NMR (300 MHz, CDCL)
d10.12 (bs, 2 H), 7.14 (m, 1 H), 6.72 (m, 1 H), 6.70 (5, 1 H), 3.76 (s, 3 H), 2.30 (s, 3 H); MS
(CD m/z 153.

The 2-methyl-4-methoxyphenylhydrazine hydrochlaride (7, 49.25 g, 0.26 molc) was
pertitioned between 1 L 1.5N sodium hydroxide and 500 mL ether. The aqueous layer was
extracted with ether until all the solids were taken into ether (9 x 500 mL). The organic layers
were dried over Na,SO, and concentrated to & white slurry. The solid was isolated by
filtration and dried under high vacuum to afford 33.19 g (218.10 mmol) of the free base. This
was dissolved in 1 L anhydrous tetralrydrofuran and cooled to 0 °C. A solution of methyl §,7-
dichloro-2-{chlorocarbaryl)-4-oxohydroquinoline-3-carboxylate 8 (26.69 g, 80.02 mmol) in
450 ml. anhydrous tetralrydrofuran was added dropwise over two hours. The reaction mixture
was allowed to warm to room temperatnre and stirred overnight (18 hours). The resulting
mixture was poured into 2 L of ice water and 3 L of IN HCl was added. After 6 hours of
stirring, the salids were isolated by filtration, washed with water and ether (2 L each), and
dried under high vacuum to afford methyl 5,7-dichloro-2- {N-[(4-methoxy-2-
methylphenyl)aminojcarbamoyl} -4-axchydroquinoline-3-carboxylate (9) as a pale yellaw
solid (28.42 g, 79%). '"H NMR (300 MHz, CDC)) d 12.22 (s, 1 H), 10.38 (4, 1 H, /=4.5 Hz),
7.62(d. 1 H,Jp~1.9H2), 723 (d, 1 H, Jor=1.9Hz), 7.08 (d, 1 H, Jo~8.1 Hz), 6.71 (d, 1 H,

" J8.1 Hz), 6.93 (s, 1 H), 6.28 (d, 1 H, J~4.5 Hi), 3.85 (s, 3 H), 3.76 (s, 3 H), 2.32 (s, 3 H).

.J__| L]

etrahydronvridazingl4.5-blauinoline-1.10-dione (14

To a suspension of compound (9, 14.30 g, 31.76 mmol) in 1200 mL anhydrous
tetrahydrofuran under nitrogen was added methanesulfonic acid (150 mL, 2.31 mole). The
solution was heated at reflux for 12 hours, cooled to room temperature, and concentrated to

balf of its original voluiné.” Méthanol (500 L) wis added snd thie soliticn was poired into 3~ " °

L ice water. After 30 mimutes of stirring, the pale yellow solid which formed was isolated by

6%
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filtmtion. HPLC indicated that a 26:1 ratio of the N-2:N-3 isomers had been obtained. The
solid was sonicated and then refluxed in methanol, isolated by filtration, and dried under high

" vacuum to afford 7,9-dichloro-4-hydroxy-2-(4-methoxy-2-methylphenyl)-1,2,5,10-

tetrahydropyridazino[4,5-b]quinoline-1,10-dione (10) (9.70 g, 71%), m.p. >250 °C. 'H NMR
(300 MHz, DMSO, d,) d 12.74 (s, 1 H), 11.94 (s, 1 H), 8.04 (d, 1 H, J,=1.7 Hz), 7.52(d, 1 H,
Jm=1.7 Hz), 7.19 (d, 1 H, Jo=8.7 Hz), 6.91 (d, 1 H, Jp=2.7 Hz), 6.85 (dd, 1 H, J,~8.7 Hz,
Jn=2.7 Hz), 3.79 (s, 3 H), 2.08 (s, 3 H); MS (CT) avks 418/420/422.

Calc'd. for C,oH,;CLN;O,: C, 54.56; H, 3.13; N, 10.05. Found C, 54.3%; H, 3.16; N,
9.96.

water and 60 mL 12N HCl was cooled to -5 °C (intemal temperature) and stirred with a
mechanical stirrer. A solution of sodium nitrite (8.26 g, 119.7 mmol) in 56 mL water was
added over 30 minuies. The solution became more clear but some solid remained. The
mixture was stirred at -5 °C for 20 minutes and then cooled to -10 °C. A solution of tin{IT)
chloride dihydrate (53.60 g, 237.6 mmol) in 36 mL 12N HCl wes added dropwise over 30
minutes while maintaining an internal temperature of -5 to -10 °C. The resulting pinkish
brown mixture was stirred at -5 to -10 °C for 2 hours and then filtered cold through a pre-
chilled fritted glass funnel. The collected solids were washed with cold 1% ethanol in ether
(100mL) followed by cold ether (500 mL) and air dried for 30 mimutes. After drying under
high vacuum, the desired product (1) was obtained as a very pale yellow crystalline solid
(7.76 g, 49%). 'H NMR (300 MHz, CDCl,) d 10.09 (bs,2 H), 7.89 (s, 1 H), 725(d, 1 H,
J.=12 Hz), 7.13 (dd, 1 H,J =8.4 Hz, J =12 Hz), 7.02 (d, 1 1, J=8.4 Hz), 2.24 (s, 3 H); MS
(CT) m/ 1571159.

carboxamide (7

H 1oy 4 o) ! [ARCTIL p=e=TR IR T aleay

suspension of 2-chloro-4-methylphenylhydrazine hydrochloride (7.74 g, 40.09
mmol) in $5 mL saturated aqueous NaHCO, was stirred for 10 minutes and then treated with

solid K,CO, (9.45 g, 68.37 mmol). The resulting fine light yellow suspension was stirred for. .. .

10 mimutes. A solution of di-#-butyldicarbonate (1297 g, 46.12 mmol) in 195 mL

L
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tetrahydrofuran was added over 5 minutes and the resulting biphasic mixture was vigorously
stirred for 3 hours. The reaction mixture was partitioned and the aqueous layer was extracted
with ether (5 x 25 mL). The combined organic layers were washed with distilled water (2 x
75 mlL), dried over MgSO,, and concentrated under reduced presqure. Drying under high
vacuum afforded a light orange oil (14.07 g). The material was purified by flash
chromatography on silica gel using 10:90 etherzhexanes as the cluent. The product (2) was
obtained as a light yellow oil which solidified upon standing (9.92 g, 96%). "H NMR (300
MHz,CDCl,)d 8.88 (s, 1 H), 7.15(s, 1 H), 7.09(d, 1 H, J_=1.2 H2), 6.97 (d, 1 H, J=8.1 Hz),
6.64 (4, 1 H, J=8.1 Hz), 2.18 (s, 3 H), 1.41 (3, 9 H); MS (CT) m/s 279/281.

Tonshmdmspmonof 7-chlmo-4-mm-2-(pynohdmyiﬂrbml)hy¢hnqmmlm-3-
carboxylic acid (3, 14.57 g, 45.43 mmol) in anhydrous tetrahydrofuran (300 mL) under
nitrogen was added 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-
toluenesulfonate (CMC, 34.89 g, 82.37 mmol). The white suspension immediately became
bright yellow. The (terr-butoxy)-N-[(2-chloro-4-methyl phenyDaminojcarboxamide (2, 13.89
£, 54.10-mmol) was added as a solid followed by 50 mL anhydrous tetrahydroforan. The
bright yellow reaction mixture was stirred at room temperature for 22 hours. A second
portion of CMC (16.77 g, 39.59 mmol) was added to the reaction mixture. After 2.5 hours at
room temperature, the reaction was heated at 60 °C for 5.5 hours. After cooling to room
The filtrate and washes were concentrated and dried under high vacuum to afford a light
yellow foam. The material was dissolved in methylene chloride (400 mL), washed with
distilled water (2 x 150 ml.), and extracted with 10% NaHCO, (2 x 500 mL). The organic
layer was dried over Ns,SO,, concentrated and dried under high vacuum to afford a light tan
foam. The material was purified by flash chromatography on silica gel using a gradient of
95:5 to 85:15 chloroform:methanol as elnent to afford 15.42 g (6196) of the desired product
(4) as a white solid. 'H NMR (300 MHz, DMSO, dJ) d 13.03 (bs, 1 H), 9.19 (bs, 1 H), 825
(d,1H,J~8.7Hz),768(d, 1 H,J ~1.8 Hz2),7.54 (dd, 1 H,J=8.7Hz, J =1.8 H2), 7.50 (d, 1
H,J =1.8 Hz),745(d, 1 H,J=7.8 Hz), 6.81 (d, 1 I-I,J-‘ISI-Iz).3.41(m.4l-I).2.‘l4(|,3l-l).
1.90 (m, 4 H), 1.40 (s, YH); MS (-CIy m/2 559/86). = -~~~ - ~~— - - -
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To a stirred suspension of N-[(¢ert-butoxy)carbonylamino](7-chloro-4-oxo-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)]-N-{2-chloro-4-methyl phenyl)carboxamide (4, 21.16
g, 37.82 mmol) in 900 mL anhydrous tetrahydrofuran under nitrogen was slowly added
methanesulfonic acid (120.0 mL, 184.9 mmol). The resulting dark yellow solution was stirred
at room temperuature for 18 hours. The solution was poured into 7 L water, stirred 3 hours,
and filtered to afford a light yellow solid. The solid was sonicated in methanol, isolated by
filtration, and dried under high vacuum (30 mm) at 40 “C to afford the product (5) as a white
solid (12.93 g, 88 %). "H NMR (300 MHz, DMSO, d,) d 12.90 (bs, 1 H), 12.10 (bs, 1 H),
8.16(d, 1 H,J=8.7 Hz), 8.07 (d, 1 H,J_=1.8 Hz), 747 (dd, 1 H, J=8.7 Hz, J_=1.8 Hz), 747
(4,1 H,J =12 Hz), 742 (d, 1 H,J=3.1 Hz), 7.29(4d, 1 H,J=8.1 Hz, J,=12 Hx), 238 (s, 3
H); MS (CI) m/z 388/390/392. '

Cale'd. for C,jH,,CLLN,O,: C, 55.69; H, 2.86; N, 10.82. Found C, 55.78; H, 2.89; N,
10.79. -

Methyl 4-{{[(text-brstoxycarbonylaminoleming }methyDbenzoate (2)

A solution of methyl 4-bromomethylbenzoate (25.0 g, 0.11 moles) and t-
butylcarbazate (68.65 g, 0.52 moles) in N ,N-dimethyiforamide (170 mL) was stirred and
heated to 50°C under nitrogen. Triethylamine (21.1 g, 021 males) was added and the reaction
mixture was heated at 50°C for an additional 10 minutes. The reaction mixture was poured
into water (1 L) and the resulting mixture extracted with dichloromethane (4 x 350 mL). The
combined organic layers were washed with water (4 x 200 mL) and saline (1 x 300 mL) and
then dried (MgSO,). Concentration of the filtered organic layer under vacuum provided a
yellow oil. This material was purified by silica gel column chromatogmphy using
dicthylether/hexane (1/1) as the elnant to obtain the title compound (2) es a clear coloriess oil
(26.50 g, 87% yield). '"H NMR (300 MHz, DMSO-d)): 5 1.38 (s, 9H); 3, 84 (s, 3H,); 3.92 (d,
2H, ] = 4.2 Hz); 4.95 (d, 1H, J = 4.2 Hz); 7.47(d, 2H, J = 8.4 Hz); 7.90 (d, 2H, J = 8.1 Hz);
8.29 (s, 1H).
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) 4-carbomethoxvbenzyllcarbooamids
To a stirred mixture of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (3, 18.38 g, 57 mmole) and dry tetrahydrofuran (800 mL) under nitrogen was
added 1,3-dicyclohexylcarbodiimide (15.25 g, 74 mmole) in one portion. After stirring the
reaction mixture for 5 minutes, a solution of methyl 4-({[(tert-butoxy)-
carbonylaminojamino}methyl)benzoate (2, 24.1 g, 86 mmole) and tetrahydrofuran (200 mL)
was rapidly added and the mixture was stirred overnight at room tcmperature. The reaction
mixture was concentrated under reduced pressure to a solid-oil mixture. Using methanol the
methanol/chloroform (5/95) as cluant gave the title compound (4) as an tan solid (33.43g, 100
%) contaminated with dicyclohexyluren. This material was nsed in the subsequent reaction.

Methvl 4-[(7-chloro-4-hydroxy-1.10-dicem-2 S-dihydropyridazinof4 blgninolin

To a stirred mixture of N-{(rert-butoxy)carbonylamino]{ 7-chloro-4-ox0-2-
(pyrrolidinylearbomy])(3-lrydroquinalyD)] N-(4-carbomethoxybenzyl)carboxamide
(4, 33.6 g, 57.3 mmole) and dry tetralrydrofuran (1156 mL) under nitrogen was added
methanesulfonic acid (140 mL, 207.3 g, 2.16 moles) all at once. The mixture was stirred
overnight at room temperature. The reaction mixture was poured into ice water (3 L) and the
resulting solid filtered. The collected solids were suspended in methanol (300 mL.), sonicated
for 30 mimues and filtered. The collected solids were submitted to the identical sopication
process two more times and the collected solids were gir dried to give the pure title compound
(%) as n white solid (13.38 g, 40 % yield), m.p. > 290°C. MS:) 412 (M+1, small parent ion),
410 (M-1, large parent ion) ‘HM(S@MI:.DMSO—«!.):SBB (s, 3H), 5.18 (s, 2H);
7.43 (m, 3H, ); 792 (d, 2H, J = 8.1 Hz); 8.02 (3, 1H); 8.14 (d, 1H, ] =8.4 Hz)

Cale’d. for C,,H,,CIN;O,: C, 5827 H, 3.56; N, 10.00 Found: C, 58.21; H, 3.51; N,
10.00.

-13 -
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Triethyl orthoformate (5 mL) was added to p-toluic hydrazide (1, 2.0 g, 13.3 mmol)
and the solution was heated to reflux for 6 hours. The volatiles were removed under reduced
pressure, and the organic materials dissolved in ethy! acetate (100 mL). The organic layer
was extracted with 10% aqueous potassium carbonste, washed with aqueous sodinm chioride
(saturated, ] x 10 mL), and dried over Na;SO,. The organic layer was filtered and removed
under reduced pressure to give the title compound as a tan solid (2.1 g, 99%). "H NMR (300
MHz, DMSO-d,): 8 2.40 (s, 3H); 742 (d, 2H, J= 8.1 Hz); 7.88 (d, 2H, J = 8.1 Hz); 930 (s,

2-p-Tolyl-[1,.3,4Joxadiazole (2, 1.44 g, 9.03 mmol) was slurried in carbon tetrachloride
(40 mL) and to this was added N-bromosuccinimide (1.68 g, 9.45 mmol), and benzoyl
peroxide (0.21 g, 0.90 mmol). The mixture was heated to reflux for 6 hours, and then cooled
o room temperature. The solids were filtered off and discarded. The remaining material was
dissolved into metirylene chloride (100 mL) and extracted with aqueous sodium bicarbonate
(saturated, 2 x 50 mlL). The organic layer was washed with agueous sodium chloride
(saturated), and dried over Na,SO,. The arganic layer was filtered and removed under reduced
pressure to give the title compound as a tan solid (1.70 g, 79%). (Contains roughly 5-10 % of
the a8, -dibrominated material). 'H NMR (300 MHz, DMSO-dy): § 4.79 (s, 2H), 7.67 (d, 2H,
J=8.4Hz);802(d.21-l,.l-8.41-!z)'9.32(s. lH).

H&meuﬁhyl—phml)—[ljﬂ]md:mle(!.ﬂ.ﬁg,us mmo]) was dissolved in
NN-dimethylformamide (8 mL) and to this was added fers-butyl carbazate (028 g, 2.11
mmol) followed by N,M-diisopropylethylamine (033 g, 0.45 mL, 2.62 mmol). The solution
was heated to 90 °C for 12 hours and then cooled to room temperatnre. The material was
dissolved into ethryl acetate (150 mL) and extracted with water (3 x 40 mL) end aqucous
sodiom chloride (satumated, 1 x 15 mL). The arganic layer was dried over Na,SO,, and
evaporated to & thick oil. This residue wes chromatographed (SiO,, 1:1 hexanes:ethyl acetate)
to give the title compound as a white salid (0.12 g, 20%). "H NMR (300 MHz, DMSO-d,): &
1.37 (s, SH); 3.96 (d, 28, J = 3.9 Hz); 4.93 (m, 1H); 7.5 (d, 2H, J = 8.4 Hz); 7.93 (d, 2H, ] =

8.4 Hz); 931 (s, 1H).
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To a stirred slurry of 7-chloro-4-0x0-2-(pyrmrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (S, 0.12 g, 0.39 mmol,) in tetrahydrofuran (8 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.19 g, 0.45 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a
solution of N°-(4{1,3,4]oxadiazo]-2-yl-benzyl)-hydrazinecarboxylic acid fers-butyl ester (4,
0.11 g, 0.45 mmol) and 4-dimethlyaminopyridine (ca. 0.003 g) in tetrahydrofuren (2mL). The
mixture was then refluxed for 16 hours. The solution was filtered, washed with methylene
chloride (5 mL) and the insolubles collected, This insoluble material was then washed with
water (SO mL) and then diethyl ether (20 mL). The remaining insoluble material was dried
under vacuum to give the title compound as a white solid. (0.20 g, 89%). The material was
used in the following reaction without further purification.

ﬂ.' ST~ —I1 VAR LA ¥ =] Lwditr ot e ] -t A

Tau I

To a stirred solution of N'-[7 2-{pymolidine-1-carbomyl)-1,4-dikydro-
quinoline-3-carbonyl]-N'-(4-[1,3,4]oxadiazo]-2-yl-benzyl)-hydrazinecarboxylic acid fers-butyl
estex (6, 020 g, 0.33 mmol) in tetrabydrofuran (5 mL) was added methanesulfonic acid (0.80
mL) and the reaction was heated to 70 °C for 1 hour. The mixture was cooled to room
temperature and stirred for 16 hours. The resultant orange solid was collected by filtration
and washed with tetrahydrofuran. The material was sonicated for 20 mimmtes in diethyl
ether/metityl alcohol (1:1, S mL) and then filtered. The material was dried to give the title
compound as en off-white solid (0.56 g, 17%). 'H NMR (300 MHz, DMSO-d,): 8 231 (s,
3H); 5.18 (s, 2H); 7.44 (m , 3H); 7.83 (d, 2H, J = §.1 Hz); .04 (s, 1H); 8.14 (d, 1H, J = 8.7
Hz); 1038 (br s, 1H); 1130 (s, 1H); 11.95 (brs, 1H). : N

§-(ter1-E arbonyi-hvdmazonomethyl)-benzoic acid (2)
4-Carboxybenzaldehydo (1, 2.0 g, 13.3 mmol) was added to tetrahydrofuran (60 mL)

and to this was added tert-bunylcarbazate (1.76 g, 13.3 mmal) followed by aqueous

hydrochloric acid (2N, 2 drops from a Pastuer pipette). The reaction mixture was stirred for 16
triturated with hexanes and collected to give a white solid (3.1 g, 89%). 'HNMR (300 Mz,
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DMSO-d;): 5 1.47 (s, 9H); 7.70 (d, 2H, J = 8.4 Hz); 7.94 (d, 2H, J = 8.4 Hz); 8.05 (s, 1H);
11.03 (brs, 1H); 12.98 (brs. 1H).

4(tert-Butoxycarbonyl-hydrazonomethyi)-benzoic acid (2, 1.0 g, 3.78 mmol) was

slurried in tetrahydrofuran (10 mL) and to this was added 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (1.67 g, 3.96 mmol). The mixture
was gtirred overnight and a precipitate formed. The precipitate was collected and washed with
tetrahydrofuran (20 mL) to give the title compound as a white solid (0.80 g, 64%). This
mﬂwuadmtheﬁ»nomngmmﬂnnﬁmhnpmﬁmmﬁﬂ)m334

N{WMMH@]—M ecid M—butyl ester

_ (3, 0.80 g, 2.4 mmof) was added to a Parr shaker bottie and slurried in methy} aloohol (30

mL). To this was added 10% palladium-on-carbon (~100 mg) and the reaction was
hydrogenated at 40 psi for 4 hours. The caialyst was filtered on Celite®, washed with methyl
alcohol (2 x 100 mL), and the solvents were removed in wacuo to give a oil. The oil was
subjected to flash chromatography (8i0,, ethyl acetate/hexanes as cluent) to give the title
compound as an oil (0.46 g, 58%). '"H NMR (300 MHz, DMSO-d,): 8 1.37 (s, 9H); 3.22 (t,
2H, J = 5.1 Hz); 3.50 (t, 2H, J = 5.1 Hz); 3.52 (m, 4H); 3.88 (d, 2H, J = 4.5 Hz); 4.82 (m, 1H);
733(d.2H,I=8.4Hz),7.38(d.21-I.J=84Hz).8.21(I:a,lH).

To a stirred slurry of 7-chloro-4-oxo-2-(pymolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (5, 0.47 g, 1.47 mmol) in tetabydrofuran (10ml.) was added 1-cyclohexyl-3-
{2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.71 g, 1.68 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a

. solution of N'{4-(morpholine-4-carbonyl)-benzyl]-hydrazinecarboxylic acid ferr-butyl ester

(4, 0.46 g, 1.40 mmol) and 4-dimethlyaminopyridine (0.005 g, 0.04 mmol) in tetrahydrofuran
(5 mL), and the mixture was then refhoxed for 16 hours. The solution was filtered and the
insolubles washed with tetrahydrofiran (2 x 20 mL), water (2 x 20 mL) and diethyl ether (2 x

20 mL). The solids were collected to give the title-compound as=white solid—{(042 g, 47%).————---~ - = ~==---
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This material was used in the following reaction without further purification. MS (-CI) m/z
637/638

tetrahydropyridazino[4.5-blquinoline-1.10-dione (7)

To a stirred solution of N'-[7-chloro-4-oxo-2-(pymrolidine-1-carbonyl)-1,4-dihydro-
quinoline-3-carbonyl}-N'-[4(morpholine-4-carbonyl)-benzyl]-hydrazinecarboxylic acid terr-
butyl ester (6, 0.42 g, 0.65 mmol) in tetrahydrofuran (20 mL) was added methanesulfonic acid
(1.2 mL) and the reaction was heated to 70 °C for | hour. The reaction was then cooled to
1oom terperature and stirred for 3 hours. The tetrahydrofiran was removed under reduced
pressure to yield an orange oil. To this was added diethyl ether (50 mL) and the reaction
stirred for 10 minutes. The diethyl ether was carefully decanted to leave s thick orangs ail.
To this was added water (S mL) and a fuffy yellow precipitate formed. The mixture was
stirred for 10 minutes and then filtered. The solids were washed with water (10 mL) followsd
by diethyl ether (20 mL). The solids were collected and sonicated in methyl alcohol/diethyl
ether (1:1, 5 mL) for 10 minutes. The solids were collected and dried under reduced pressure
to give the title compound as a cream-colared solid (0.147 g, 49%). 'H NMR (300 MHz,
DMSO-d,): & 3.33 (m, 4H); 3.51 (m, 4H); 5.14 (s, 2H); 736 (m, 4H); 743 (d, 1H, J = 8.7 H2);
8.02 (s, 1H); 8.14 (d, 1H, J = 8.7 Hz); 11.94 (br s, 1H); 12. 67 (br s, LH). MS (+:CT) m/z
467/469

3-Cymnobenzaldehyde (1, 2.0 g, 152 mmo]) was dissolved in 2-methoxyethanol (8
mL) and to this was added sodium azide (0.91 g, 15.2 mmol) and lithium chloride (0.96 g,
22.8 mmol). The mixture was stirred and heated to refhnx for 16 hours and then poured into a
mixture of concentrated hydrochloric acid (3 mL) and crushed ice (~30 g). The thick
suspension was stirred until a fine pink solid had formed. The solids were filtered, washed
with water and diethyl ether to give the title compound (1.21 g, 46%). 'H NMR (300 MHz,
DMS0-d,):57.86(t, 1H,J=7.8Hz); 8.13(dd, IH,J =15, 78!—!:).8.37(ddd. 1H,J=1.5,
1.5, 7.8 Hz); 856 °(d, 1H, =135 H¥); 10. t3'(l,‘l'!-l) T e -
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3«1 H-Tetrazol-5-yl)-benzaldehyde (2, 1.21 g, 6.95 mmol) was dissolved in
tetrahydrofuran (40 mL) and to this was added zert-buty] carbazate (0.96 g, 7.30 mmol). The
reaction was stirred at room temperature for 16 hours and the tetrahydrofiuran removed under
reduced pressure. The residual solid was triturated with hexanes to give the title compound as
an off-white solid (2.0 g, 10096). 'H NMR (300 MHz, DMSO-d)): 8 1.48 (s, 9H); 7.69 (¢, 1H,
J=7.8 Hz); 7.78 (d, 1H, J =73 Hz); 8.03 (d, 1H, J = 7.8 Hz); 8.09 (s, 1H); 8.31 (s, 1H);
11.08 (br s, 1H).

N-[S-(lH-Tehml-S-yl)—bmwhdm]—hydmm-bmthmdM—bmylutu@,
0.50 g, 1.7 mmol) was added to a Parr shaker bottle and slurried in methyl alcobol (20 ml).
To this was added 10% palladium-on-carbon (~100 mg) and the reaction was hydrogenated at
42 psi for 5 hours, The catalyst was filtered on Celite®, washed with methyl alcohol (2 x 100
mL), and the solvents were removed in wacuo to give a oil. The oil was dissolved in
methylene chloride (20 mL) and this was removed under reduced pressure to azeotrope away
any residual methyl alcohol. The title compound was isolated as en il (0.40 g, 60%). 'H
NMR (300 MHz, DMSO0-d,): § 3.96 (br 5, 2H); 4.94 (br s, 1H); 7.50 (m, 2H); 7.89 (m, 1H);
8.01 (s, 1H); 8.27 (br s, 1H). MS (-Cl)mlz289 290.

To n.shmdshmyof 7-=blmo-4-mm-2-(pynohdmyleubnwl)hyqumnohne-3
carboxylic acid (5, 0.43 g, 1.34 mmpl) in tetrahydrofuran (20mL) was added 1-cyclohexyl-3-
(2-morpholinocthyl)carbodiimide metho-p-toluenesulfonate (0.68 g, 1.60 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a
salution of N'-[3-(1H-tetrazol-5-yl)-benzyl}-hydrazinecarboxylic acid fers-butyl ester (042 g,
1.47 mmol) and 4-dimethlyaminopyridine (4, 0.05 g, 0.41 mmol) in tetrehydrofuran (S mL),
and the mixture was then refluxed for 16 hours. The solution was filtered and the insolubles
washed with tetrahydrofuran. The tetrabydrofuran was removed under reduced pressure to
give a sticky yellow oil. This material was chromatographed (Si0,, 90/10) to give the title
compound as a yellow solid (0.48 g, 6096). The material was used without further purification
in the following reaction.
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To a stirred solution of N'-{7-chloro-4-oxo-2-(pymolidine-1-carbonyl)-1,4-dihydro-

quinoline-3-carbonyl}-N-[3(1 H-tetrazol-5-yl)-benzyl Hiydrazinecarboxylic acid rerr-butyl
_ester (6, 0.48 g, 0.81 mmol) in tetrahydrofuran (15 mL) was added methanesulfonic acid (1.9
" mL) and the reaction was stirred at room temperature for 16 bours. The tetrehydrofuran was

removed under reduced pressure to yield an orange oil. To this was added dicthy] ether (50
mL) and the reaction stirred for 10 minutes. The diethyl ether was carefully decanted to leave
a thick orange oil. To this was added water (5 mL) and a fluffy yellow precipitate formed.
The mixture was stirred for 10 minixtes and then filtered. The solids were washed with water
(10 mL) followed by diethyl ether (20 mL). The solids were collected and sonicated in
methyl alcohol/dicthyl ether (1:5, 5 mL) for 10 mimutes. The solids were collected and dried
under reduced pressure to give the title compound as a cream-colored solid (0.14 g, 41%, m.p.
>275°C). 'HNMR (300 MHz, DMSO-d,): 5 522 (s, 2H); 7.44 (d, 1H, J = 8.1 Hz); 7.56 (m,
2H); 7.95 (m, 2H); 8.03 (s, 1H); 8.15 (d, 1H, J = 8.7 Hz), 11.97 (br s, 1H); 12.69 (br s, 1H).

To a stitred suspension of 7-Chloro-4-hydroxy-2-(4-carbomethoxy-methylphemyl)-
1,2,5,10-tetrahydropyridazino[4,5-b]quinoline-1,10-dione (4.24 g, 10.2 mmol) in water (500
mL) at room temperature sodium hydroxide was added (122 g, 30.5mmol). The slury was
stitred at 50 °C for 1.5 hours then the reaction acidified to pH ~ 1 with aqueous hydrochloric
acid (12 N). The slhury was filtered and the solid dried in vacuo at 55 °C. Analysis by 'H
'NMR: showed the solid to be a mixture of starting ester and desired product (2) of the ratio
33/66% respectively. The reaction materisl was resubjected to the above conditions for 18
hours then acidified to pH ~ 1 with aqueons hydrochloric acid (12 N). The shury was filtered
to give the title compound as a tan solid (1.60 g, 39%). "H NMR (300 MHz, DMSOQ-d): &
5.18 (s, 2H); 7.46 (m, 3H); 7.92 (d, 1H, J=8.1 Hz); 8.03 (d, 1H, J= 1.8 Hz); 8.15(d, 1H, J=
8.7Hz)
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To a stirred suspension of PS-carbodiimide (77 mg, 0.75 mmol, 0.98 mmol/g,
Argonaut Technologies Inc., lot no. 113-78) in N N-dimethylformamide (3 L) st room
temperature was added 7-chloro-4-hydroxy-2-(4-carboxy-phenyl)-1,2,5,10-
tetrahydropyridazino[4,5-bjquinoline-1,10-dione (2, 100 mg, 0.25 mmol). The reaction was
stirred at 50 °C for 4 hours. The slurry was filtered and the resin washed with ¥, N-
dimethylformamide (4 x 10 mL). The resin was added to N, N-dimethylforamide (3 mL)
treated with furfurylamine (97 mg, 1.0 mmol) and heated at 50 °C for 1 hour. The reaction
was filtered, washed with N, N-dimethylformamide (2 x 3 mL), and the solvents were
evaporated to dryness. The residual oil was treated with aqueous hydrochloric acid (1 mL,
IN) to give the title compound as a tan solid (5 mg, 4 %). MS (-CI) m/z 474 "H NMR (300
MHz, DMS0-d)): & 4.45 (d, 2H, I = 5.4 Hz); 5.16 (s, 2H); 626 (d, 1H, I =3 Hz); 639 (dd,
1H, J= 1.8, 3.0 Hz); 7.37 (d, 2H, J = 8.1 Hz); 7.45 (dd, 1H, J =72, 9.0 Hz); 7.57 (s, ll-I), 7.84
(d, 28, J = 8.4 Hz); 8.03 (d, 1H, J= 1.8 Hz); 8.14 (d, 1H, J = 8.7 Hz); 8.94 (m, 1H); 11.95 (br

8, 1H); 12.66 (br s,1H).

tert-Butoxy)-N-[(4-dimethylaminobenzy])aminolcarboxamid,

To a stirred solution of t-butylcarbazate (3.14 g, 23.8 mmol) in ethano] (40 mL) at
reflux was added 4-dimetirylaminobenzaldehryde (2.50 g, 16.8 mmol) over 5 minutes and the
mixture stirred at reflux for 2 days. The reaction mixiure was cooled to room temperature,
then added to §% palladiuvm-on-carbon (425 mg) and ethanol (20 mL) in & Parr shaker bottle.
The reaction was hydrogenated at 50 pai for 24 h. The mixture was filtered through celite,
which was washed with methyl alcohol. The combined filtrate and washes were concentrated
in vacwo. The material was subjected to flash chromatography (silica gel, 25% cthyl
acotatefioluene) to yield the title compound as an cil (1, 3.5 g, 78%). 'H NMR (300 MHz,
DMS0-dy): 5 1.39 (s, 9H); 2.86 (s, 6H); 3.71 (d, 2H, J = 5.1 Hz); 4.40 (dt, 1H, J = 4.8, 5.1

ML methylaminobenzycarboxamide (3).
To & stirred mixtuie of 7-chloré-4-ox 2.{ xrolidinyleathonyDhydroquinoline-3= * - -
carboxylic acid (2, 2.8 g, 8.7 mmol) and dry tetrakydrofuran (130 mL) under nitrogen was
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added 1-cyclohexyl-3-(2-morpholinoethyljcarbodiimide metho-p-tolucnesulfonate (5.6 g,
13.1 mmol). The yellow reaction mixture was treated rapidly with (tert-butoxy)-N-[(4-
dimethylaminobenzyl)amino]earboxantide (1, 1.6 g, 7.1 mmol) in totrahydrofuran (40 mL).
AﬂusumngwamghgszOnmwﬂm-ndtheﬁlﬁmwmmuﬂedm
5  giveacusty yellow foam (6.85 g). The material was subjected to flash chromatography
' (silica gel, 5% MeOH/methylene c.umde) to give the title compound (3, 4.11 g sm)

To a stirred mixture of N-{(rsr7-butoxy)carbonylamino][7-chioro-4-oxo-2-

10  (pyrrolidinylearbonyl)(3-hydroquinolyl)}-N-(4-dimethylaminobenzyl)carboxamide (3, 3.5 g,
62 mmol) and dry tetrahydrofuran (120 mL) under nitrogen was added methanesulfonic acid

Eg (153, 023 mol). The clear yellow solution wes stimed fur 2 days at roomm trmperatie.
t;. The precipitate that formed was collected by suction filtration and washed with
b tetrabydrofuran and ether. The solid was trested with methanol and scnicated for 30 minutes.
3 15 The solid was again collected by filtration, washe with methanol aod ether, and dried at 90
’;'" *C under vacuum to give the title compound (4, 2.3 g, 72%) as a white powder, m.p. softens
b 218-225 °C, decomposes 270-280 °C. "H NMR (300 MHz, DMSO-d,, TFA shake): § 2.54
Fﬂ (CH,CO,H, 8, 3H)3.23 (s, GH), 5.18 (s, 2H); 7.4 (dd, 1H, J= 1.8, 8.7 Hz); 7.51 (d, 2H, J =
tg 8.4 Hz); 7.67 (d, 2H, J = 8.4 Hz); 8.08 (d, 1H, ] =~ 1.8 Hz); 8.19 (d, 1 H, J =8.7 Hz).
v 20 Calc’d. for CH,CIN,0,¢CH,SO,HeH,0: C, 49.36; H, 4.54; N, 10.96. Found: C,
49.22; H,4.51; N, 10.93
o Toamnedwlmofm-hutylﬂtbama.493.189mmnl)mulhydmﬁnn(4o

mL) was added benzimidazole-5-carboxaldehryde (2.77 g, 18.9 mmol) in tetrahydrofuran (20
mL). The reaction was stirred overnight and the solvent evaporated to give the title
compound as & white solid (3.88 g, 79%). 'H NMR (300 MHz, DMSO-d,): § 1.48 (s, 9H);

30 757(d.lI-LJ-7.2Hz);762(d,lI-I,J-7.2Hz)779(:,11-1),812(:.1}!);8.73(:,11{);
10.83 (s, 1H)
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N-((1-Aza-2-benzimidazole-5-yl)vinyl)(tert-butoxy) carboxamide (0.500 g , was
dissolved in ethyl alcohol (80 mL) and placed in a Parr shaker bottle. Hydrochloric acid (1.92
mL of 1M solution in etlryl alcohol) was added, followed by 10% palladium-on-carbon (750
mg). The reaction was hydrogenated at 40 psi for 2.5 br and then filtered through celite to
remove the catalyst. The catalyst/celite was washed with ethyl alcohol (3 x 100 mL) and the
combined filtrate and washes were concentrated in vacuo. The residual oil (ca. 0.54 g) was
dissolved in water (3 mL) to which a small portion of saturated sodium bicarbonate was then
added (ca. 2 mL) followed by saturated sodium chloride (ca. 2 mL). The resulting aqueous
leyer was then extracted with ethyl acetate (200 mL). The orgenic extract was dried over
MgSO,, filtered and evaparated to dryness to give the title compound (2) as a white solid
(0.27 g, 47%). '"H NMR (300 MHz, DMSO-dy): 5 (TFA shake) 1.36 (s, 9H); 4.51 (s, 2H);
7.68 (dd, 1H, J = 1.5, 8.5 Hz); 7.95 (d, 1H, J = 8.5 Hz); 8.00 (s, LH); 9.68 (s, 1H).

To a stirred shary of 7-:hlmo-4—om-2—(pyxmhdmlmhonyl)hyqummlme—3-
carboxylic acid (0.95 g, 3.00 mmol) in tetrahydrofuran (40 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesuifonate (1.88 g, 4.50 mmol) apd the
reaction was stirred for five minutes. To this mixture was added dropwise a solution of (terr-
butaxy)-N-[(benzimidazol-5-yimethyl)jcarboxamide (0.77 g, 3.00 mmol) and 4-
dimethlysminopyridine (ca. 0.020 g) in tetrahydrofursn (20 mL). The mixture was stirred
overnight at room temperature and then filtered. The collected solids were washed with .
methylene chloride (2 x 150 mL.). The combined filtrate and washes were washed with water
(100 mL) and brine and then dried over MgSO,, filtered and concentrated. The residual
yellow foam was subjected to chromatography (silica gel, gradient of chloroform/methyl
alcohol beginning from 95/5and ending at 90/10 respectively) to give the title compound (3)
as a yellow foam (0.300 g, 19%).

To a stirred solution of (H-)-N-[(M-hﬂwcy)arbonyhmn]ﬂ-chMmm-z-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)-N-(benzimidazo}-5-ylmethyl) carboxamide (0.300 g,
0.53 mmol) in tetrabydrofuran (15-ml.) was sdded methanesulfonic acid-(14-mE) and-the—- -—-—- —=~--- -
reaction was stirred overnight. The reaction mixture was filtered to separate a yellow solid.
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This material was washed with tetrahydrofuran and the resultant solid dried under vacuum.
The material was then sonicated in 5 mL of 1/1 diethyl ether/methyl alcohol for fifteen
minutes, filtered and washed with the same solvent system (40 mL) to give the title compound
(4) as a yellow solid (0.07 g, 25%; m.p. > 280 °C). 'H NMR (300 MHz, DMSO-d,): § 232
(CH,;SO,H); 5.29 (s, 2H); 7.45 (dd, 1H,J= 1.8, 8.7 Hz); 7.56 (4, IH, ) = 1.1'. Hz); 7.81 (m,
2H); 8.03 (d, 1H, ] = 2.0 Hz); 8.16 (d, 1H, J = 8.7 Hz); 9.53 (s, 1H); 12.00 (s, 1H); 12.75 (s,
1H).

etrahydropyridazin munoline-1.10-dione (2

To a stirred sdlution of N'-[7-chloro-4-oxo-2-(pyrrolidine-1-carbomyf)-1,4-dihydro-
quinoline-3-carbonyl}-N'-(4-lrydroxy-3-methyl-benzyl)-hydrarinecarboxylic acid zers-butyl
ester (1, 0.30 g, 0.54 mmol) in tetrahydrofuran (10 mL) was added methanesulfonic acid (1.2
mL) and the reaction was stirred at room temperature for 16 hours. The tetrahydrofuran was
removed under reduced pressure to yicld an orange oil. To this was added dicthyl ether (50
mL) and the reaction stirred for 10 minutes. The diethyl cther was carefully decanted to leave
a thick orange oil. To this was added water (5 mL) and a fluffy yellow precipitate formed.
The mixture was stirred for 10 minutes and then filtered. The solids were washed with water
(10 mL) followed by dicthyl ether (20 mL). The solids were collected and sonicated in
methyl lcohol/diethyl ether (1:10, § mL) for 10 mimutes. The solids were collected and dried
under reduced pressure to give the title compound 2s a cream-~colored solid (0.06 g, 30%). 'H
NMR (300 MHz, DMSO-d,): § 2.07 (s, 3H); 4.94 (s, 2H); 6.69 (d, 1H, J = 8.1 Hz); 6.96 (4,
iH,J=8.1 Hz); 7.03 (s, 1H); 742 (d, 1H, J= 8.4 Hz); 8.01 (s, 1H); 8.14 (d, 1H, J= 8.4 Hx);
9.23 (s, 1H); 11. 89 (s, 1H); 12.54 (s, 1H). MS (-CI): m/r 382/383.

- - - - -
U=-betranvyarooyridannol 4. 5-0 Iounoln U=g10m [ 4

To a stirred solution of N'-[7

-chloro-4-oxo-2-(pyrrolidine-1-carbonyl)-1,4-dibydro-
quinoline-3-carbonyi}-N'{4-hydroxy-3-methyl-benzyl)-hydrezinecarboxylic acid terz-butyl

ester (1, 0.30 g, 0.53 mmol) in N, N-dimethylformamida (5 mL) was added 2-picolyl chloride
hydrochloridé (0.11 g, 0.66 immol) followed by potassivan’ cirbonate (0.500 g, 3.6]1 mmibl). -~ -
The mixture was heated to 100 °C for 8 hours. The solution was cooled to room temperatare

-23-
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and dituted with methylene chloride (50 mL). The organic layer was extracted with water (2 x
30 mL), brine (1 x 30 mL) and dried over Na,SO,. The volatiles wers removed under reduced
pressure to give a dark yellow oil. MS (-CT): m/x 644/647. The oil was subsequently
dissolved in tetrahydrofuran (5 mL) and to this was added methanesulfonic acid (1 mL). The
mixture was stirred for 16 hours and the volatiles removed under reduced pressure. The
residual oil was triturated with diethyl ether (10 mL) for ten minutes and then the ether layer
was carefully decanted away from the oil. The oil was then treated with water (5 mL) which
induced precipitation to occur. The solids were collected by filtration, and washed with
diethyl ether. The material was then sonicated in diethyl ether/methyl alcohol (4:1, 5 mL, 5
minutes) and filtered to give a brown solid (0.006 g, 3% yield for two steps). ‘H NMR (300
MHz, DMSO-d,): § 2.21 (s, 3H); 2.30 (s, 3H); 5.00 (s, 2H); 5.21 (s, 2H); 6.93 (d, 1H, J = 8.7
Hz); 7.09 (4, 1H, J= 8.7 Hz); 7.14 (s, 1H); 7.43 (m, 2H); 7.59 (d, 1H, J = 7.8 Hz); 7.95 (appt,
1H, J=17.8 Hz); 8.01 (s, 1H); 8.14 (4, 1H, ] = 8.7 Hz); 8.61 (d, 1H, J= 4.8 Hz); 11.95 (brs,
1H); 12. 53 (br 8). MS (-CI): m/x 473/474.

To a stirred solution of 4-hydroxybenzaldehyde (1, 2.5 g, 20.0 mmol) in
tetrahydrofuran (80 mL) was added ters-butyl carbazate (2.72 g, 20.5 mmmol) and hydrochlaric
acid (canc., approximstely 2 drops from a Pastuer pipettc). The solution wes stired overnight
at room temperature and the volatiles removed under reduced pressure. The resaltant solid
was triturated with hexames and collected to give the title compound as a tan solid (4.7 g,
100%). 'H NMR (300 MHz, DMSO-d)): 8 1.45 (s, 9H); 6.77 (d, 2H, J = 8.7 Hz); 7.40 (4,
2H, J = 8.7 Hz); 7.88 (br s, 1H); 9.78 (s, 1H); 10.66 (br s, 1H).

'-'_)_l'_'i : b L R Y L Y L e Y A i AL Y i

(k)]

To a shurry of N'-{4-hydroxy-benzylidene)-hydrazinecarboxylic acid rert-butyl ester (2,
1.0 g, 4.23 mmol) in anhydrous pyridine (5 mL) was slowly added N, N-diemthylearhamyl
chloride (0.45 g, 0.39 mL, 4.23 mmol). The mixture was refluxed for 5 hours and then cooled

to room temperatute. Over time, a solid fell out of solution. “The solid-was-collected; washed——————---- --

with water (20 mL) and then dicthyl ether (20 mL). This material was then dried under

-24 -
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reduced pressure to give the title compound as a cream colored solid (1.01 g, 76%). '"H NMR
(300 MHz, DMSO-d): & 1.46 (s, 9H); 2.91 (s, 3H); 3.04 (s, 3H); 7.15 (d, 2H, T = 8.7 Hz);
7.55(d, 2H, J = s7Hz),19a(m.1m.loa9(|n,1H)

N'-(4—D1methylclrbmnoyloxy bulzyhdmc)-hydlmnecu'buxyhc acid M-butyl ester
(3, 1.0 g, 3.25 mmol) was dissolved in methyl alcohol (60 mL) and placed in a Parr shaker
bottle. To this was added 10% palladium-on-carbon (250 mg) and the reaction wes
hydrogensted at 40 psi for 6 hours. The catalyst was filtered on CELITE, washed with methyl
alcohol (2 x 100 mL), and the solvents were removed iz wacuo to give a white solid (0.62 g,
62%). 'H NMR (300 MHz, DMSO-d.): & 1.38 (s, 9H); 2.84 (s, 3H); 3.03 (s, 3H); 3.84 (d,
2H, ] = 3.9 Hz); 4.75 (m, 1H); 7.06 (d, 2H, J = 8.7 Hz); 726 (d, 2H, ] = 8.7 Hz); 825 (txr's,

'l‘ouumdshmyof 7-chlmo-4-mm-2-(pynolldmylen‘hunyl)byqummhm—3—
carboxylic acid (5, 0.53 g, 1.67 mmol) in tetrahydrofuran (30 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.92 g, 2.17 mmol) end the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a
solution of N'-(4-dimethylcarbamoyloxy-benzyi)-hydrazinecarboxylic acid zert-butyl ester (4,
0.62 g, 2.00 mmol) and 4-dimethlyaminopyridine (ca. .00S g) in tetralrydrofiran (10 mL).
tetrahydrofuran (15 mL) and the insolubles collected. The insoluble material was then
washed with water (100 mL) and tetrahydrofuran (20 mL). The renaming insajuble matesial
was dried under vacuum to give the title’compound as a white solid (0.785 g, 763%). The
mmnﬂmusedmthefolbwmgmwnhwtfmﬁlpmﬁm

To a stirred solution ofN-D-chlm-ouo-z-(pynnl:dme-l-u:bonyl)-l.d-dﬂ:ydm-
quinoline-3-carbonyl}-V'<(4-dimethylcarbamoyloxy-benzyl)-hydrazinecarboxylic acid rert-
butyl ester (6, 0.78 g, 0.33 mmol) in tetrehydrofuran (10 mL) was added methanesulfonic acid

(.88 mL) and thic reaction was ticated to 70°°C for 15 ttithites. The mixtare was cooled o~ = **

room temperature and stirred for 4 hours. The tetrahydrofuran was removed under reduced

—25-
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pressure to yield an orange oil. To this was added diethyl cther (50 mL) and the reaction
stirred for 10 mintues. The diethyl ether was carefully decanted to leave a thick orange oil.
To this was added water (15 mL) end a fluffy yellow precipitate formed. The mixture was
stirred for 10 mintues and then filtered. The solids were washed with water (10 mL) followed
by diethyl ether (20 mL). The solids were collected and sonicated in methyl alcohol/diethyl
ether (1:1, 20 mL) for 15 minutes, The solids were collected and dried under reduced pressure
to give the title compound as a cream-colored solid (0.30 g, 55%). 'H NMR (300 MHz,
DMSO-dy): § 2.89 (s, 3H); 3.02 (s, 3H); 5.10 (s, 2H); 7.03 (d, 2H, J= 8.7 Hz); 7.29 (d, 2H, J
= 8.7 Hz); 742 (d, 1H, ] = 8.7 Hz); 8.01 (s, 1H); 8.14 (d, 1H, J= 8.7 Hz); 11.92 (s, 1H); 12. 65
(s, 1H).

Cale*d. for C,,H,,CIN,O;» 0.4H,0: C, 56.29; H, 4.00; N, 12.50. Found: C, 56.46; H,
3.84; N, 1238.

To a stirred solution of4-hyquy—3-uthylbmlddlyde(l,2.03. 14. Gmol)m
totrahydrofuran (80 mL) was added ferr-butyl carbazate (2.03 g, 15.4 mmol). The solution
'was stirred for 16 hours at room temperature and the volatiles removed under reduced
pressure. The resultant solid was triturated with hexanes and collected to give the title
compound as a tan solid (3.5 g, 95%). The material was used without further purification in
the following reaction.

N-(myd.w-a-ml-bmhmmw acid terr-butyl ester (2, 2.0
g 7.99 mmol) was dissolved in methryl alcohol (60 mL) and placed in a Parr shaker bottle. To
this was added 10% palladium-on-carbon (250 mg) and the reaction was hydrogenated at 40
pei for 4 hours, The catalyst was filtered on Celite®, washed with methyl alcohol (2 x 100
mL), and the solvents were removed in vacuo to give a white solid (1.89 g, %4%). 'H NMR
(300 MHz, DMSO-dy): § 1.38 (s, 9H); 2.08 (s, 3H); 3.62 (br s, 2H); 4.40 (br s, 1H); 6.65 (s,
H,J)= 811-!:).689(dd, IHI=1 sﬂz,smz). 698(:, lH) 8.17 (brs, II-I)

eI T NP N ICRETL I S0 W T T

2o
H



10

15

rr mmssn A e HE S e . e .

KFM.1999004

To a stitred slurry of 7-chlaro-4-axo-2-{pyrrolidinylcarbony!)hrydroquinaline-3-
carboxylic acid (4, 1.89 g, 5.91 mmol) in tetrahydrofuran (50 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-tolusnesulfonate (2.99 g, 7.09 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a
solution of N'-(4-hydroxy-3-methyl-benzyl)-hydrazinecarboxylic acid fert-butyl ester (3, 1.61
£ 6.38 mmol) and 4-dimethlyaminopyridine (0.08 g, 0.65 mmol) in tetrahydrofuran (5 mL),
and the mixtore was then reflued for 8 hours. The solution was filtered and the insolubles
washed with methylene chloride (2 x 150 mL). The mother liquor was collected and
concentrated to dryness. The resultant yellow foam was subjected to chromatography (8i0,,
95/5 chloroform/metiryl alcohol) to give the title compound as a yellow foam (2.10 g, 65%).
MS (-CT) m/x 551/552

thylcarbamoyloxy-3-methyl-ben; hvdoazinecarboxviic acid ferr-bmty] ester (6)
To a stitred solution of methylene chloride and N-[7-chloro-4-exo-2-(pyrrolidine-1-
carbonyl)-1,4-dikydro-guinoline-3-carbonyl}-A-(4-hydroxy-3-methyl-benzyl)-
hydrazinecarboxylic acid sers-butyl ester {5, 0.35 g, 0.63 mmol) was added tristhylamine (0.10
mL, 0.72 mmol) and 4-dimethylaminopyridine (0.03 g, 0.24 mmol) and N,N-
dimethylearbamyl chloride (0.07 mL, 0.78 mmol). The solution was stimred for 16 hours and
then dituted with methyylene chloride (50 mL). The organic layer was extracted with aqueous
smmonium chloride (saturated, 1 x 15 mL), aqueous ammaonium hydraxide (15 %, 1 x 15
mL), and aqueous sodium chloride (saturated, 1 x 15 mL). The organic layer was then dried
over Na,SO, and concentrated to dryncss. The resultant oil was used without further

ification in the following reaction. MS (~CI) mvs 624/625

.J CALEY ) 2L LR TR

ACSd 44 /-COrOr-4-ayunaxy-1. 1 O-C100

==D Y R

To a stirred solution of N'-{7-chioro-4-oxo-2-(pyrrolidine-1-carbonyl)-1,4-dihydro-
quinoline-3-carbonyl]-N'-(4-dimethylcarbamoyloxy-3-methyl-benzyl)-hydrazinecarboxylic
acid rerf-butyl ester (6, 0.25 g, 0.40 mmol) in tetrahydrofiran (10 mL) was added
methanesulfonic acid (1.2 mL) and the reaction was stitred at room temperature for 16 hours.
The tetrahydrofuran was removed under reduced pressure to yield an omange oil. To this was

added diethyl athér (50 mil) ahd thie résiction Ytirted for 10 minutes. “The dicthyl ether was == -

carcfully decanted to leave a thick orange ail. To this was added water (5 mL) and a fluffy

-27 -
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yellow precipitate formed. The mixture was stirred for 10 minutes and then fltered. The
solids were washed with water (10 mL) followed by dicthyl ether (20 mL). The solids were
collected and sonicated in methyl alcohol/diethyl cther (1:10, 5 mL) for 10 minutes. The
solids were collected and dried under reduced pressure to give the title compound as a cream-
colored solid (0.06 g, 30%). 'H NMR (300 MHz, DMSO-d,): 3 2.09 (s, 3H); 2.89 (s, 3H);
3.05 (s, 3H); 5.07 (s, 2H); 6.98 (d, 1H, J= 8.1 Hz); 7.13 (d, 1H, J = 8.1 Hz); 7.18 (s, 1H); 7.42
(d, 1H, J = 8.4 Hz); 8.02 (s, 1H); 8.14 (d, 1H, J = 8.4 Hz); 11.93 (br s, 1H); 12. 64 (brs). MS
(-CI): m/z 453/454.

Examples 15 - 27;
Table 1 shows carbamate-containing pyridazino quinoline diones of the present
invention and the physical characteristics thereof.
Table i;
Ex. " Compound Name Y! "NMR . MS | M
(300 MHz, DMSO-d): 8
15 | Dimethyl-carbamic acid 3- | 48% | 2.88 (s, 3H); 3.01 (3,3H); [(CD| A
(7-chloro-4-hydroxy-1,10- 5.11 (s, 2H); 7.02 (m, 2H); | m/z
dioxo-5,10~dihydro-1 - 7.13(4,1H,J=78Hz), |43%/
pyridazino[4,5-b]quinolin-2- 733 (¢, 1H, J=7.8 Hz); 441
ylmethyi)-phenyl ester. 743 (4, 1H, J=8.7 Hz);
8.02 (s, 1H); 8.15(d, 1H,J
= 8.7 Hz); 11.94 (br 5, 1H);
12. 70 (br s, 1H).

16 | Methyl-phenyl-carbamic 40% [3.39(s,3H);5.10(s,2H); [(CD| A
acid 4-(7-chloro-4-hydroxy- 709(4,2H,]=84Hz);, |mAi
1,10-dioxo-5,10-dihydro-1H- 7.24 (m, 3H); 7.43 (m, SH); | 501/
pyridezinof4,5-b]quinolin-2- 8.01 (s, 1H); 8.14 (d, 1H,J | 503
yimethyT)-phenyl ester. = 8.7 Hz); 11.92 (br s, 1H);

12. 66 (br's, 1H). B
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17 | Dicthyl-carbamic acid 4(7- | 38% |[1.10 (m,3 H); 1.16 (m, )
chloro-4-hydroxy-1,10- 3H); 3.30 (m, 4H); 5.10 (s, | m%
dioxo-5,10-dihydro-14- 2H); 7.06 (d,2H, I =84 | 467
pyridazino[4,5-bjquinolin-2- Hz); 733 (d, 1H,J =84 | 468/
yimethyl)-phenyl ester. Hz); 742(d, 1H,J=87 |469

Hz); 8.02 (s, 1H); 8.14 (d,
1H, §= 8.7 Hz); 11.92 (br s,
1H); 12.66 (br 5, 1H)-

18 | Diethyl-carbamic acid 3-(7- | 38% | 1.09 (m, 3H); 1.17 (m, 3H); | (-CD)
chioro-4-hydroxy-1,10- 3.27 (m, 2H); 337 (m, 2H); | m4
dioxo-5,10-dikrydro-14- 5.11 (s 2H); 7.01 (4, 1H, T | 46%/
pyridazinof4,5-b]quinolin-2- w 8.1 Hz); 7.05 (s, 1H); 469/
yimethyl)-phenyl ester. 713(d, 18, J=7.8 0 | 470

733 (s, 1H, J= 7.8 Hz);
743 (4, 1H,I=8.7Hz); .
8.02(4,1H,J= 1.8 Hz);
8.15(d, 1H,J=8.7 Hz);
11.94 (be s, 1H); 12.68 (br
s, 1H).

19 | Morpholine4-carboxylic | 18% | 2.31 (MsOH adduct); 3.39 | (-CD)
acid 3-(7-chloro-4-hydroxy- (br m, 2H); 3.5 (br m, e
1,10-dioxo-5,10-dikydro-LH- 2H); 3.82 (br m , 4H); 5.11 | 48V
pyridazino[4,5-bjquinolin-2- (s, 2H); 7.04 (m, 2H); 7.15 | 482/
ylmetiryl)-phemy] ester. @, 1H,J=78Hz); 735(t, |48

1H, 7= 7.8 Hz); 744 (@,
1H, J= 8.7 Hz); 8.03 (s,
1H); 8.15(d, 1H,J =8.7
Hz).
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20 | Methyl-phenyl-carbamic 31% [3.32(s, 3H);5.10(s,2H);, |(<CD| B
acid 3-(7-chloro-4-hydroxy- 7.06 (m, 3H); 7.14 (d, 1H, ] | mA
1,10-dioxo-5,10-dihydro-1H- =7.8Hz);730(m, 2H); | 501/
pyridazino[4,5-b]quinolin-2- 7.43 (m, 4H); 8.02 (s, 1H); | 502
yimethyl)-phenyl eater. 8.14 (d, 1H, J=8.7 Hz);

11.95 (brs, 1H); 12. 68 (br
s, 1H).

21 | Diphenyl-carbamic acid 3- | 16%" | 5.10 (s, 2H); 7.13 (m, 3H); | (<CD | B
(7-chloro-4-hydroxy-1,10- 7.27 (m, 2H); 7.40 (m, mz
dioxo-5,10-dikydro-1H- 10H); 8.02 (s, 1H); 8.14 (d, | 563/
pyridazino[4,5-b]quinolin-2- 1H, J = 8.7 Hz); 11.93 (brs, | 564
yimethyl)-pheny] ester. 1H); 12. 66 (br s, 1H).

22 | Pynolidine-1-carboxylic acid | 23% | 1.85 (m, 4H); 3.30(d,2H,J [(CD) | B
3-(7-chloro-4-hydroxy-1,10- =63 Hz);346(d,2H,J= |mk
dioxo-5,10-dihydro-1H-, 6.3 Hz); 5.11 (s, 2H); 7.04 | 466/
pyridazino[4,5-b]quinolin-2- (m, 1H); 7.12 (m, 1H); 7.36 | 467
ylmethyl)-phenyl ester. (t, 1H,J=7.8 Hz); 7.44 (d,

1H, J= 8.7 Hz); 8.04 (3,
1H); 8.13(d, 1H, I =8.7
Hz); 11.92 (br s, 1H); 12.68
(brs, 1H).

23 | Morpholine4-carboxylic | 26% | 2.10 (s, 3H); 3.42 (m,4H); |(C) | B
acid 4-(7-chloro-4-hrydroxy- 3.62 (m, 2H); 7.02 (d, 1H, ] | m/
1,10-dioxo-5,10-dihydro-1H- =8 1Hz); 7.14 (4, 1H,J= |495/
pyridazino[4,5-b)quinolin-2- 8.1 Hz); 7.19 (s, 1H); 744 | 496
ylmethyl)-2-methyl-phenyl (d, 1H, ] =8.7 Hz); 8.03 (s,
ester. 1H); 8.14 (d, 1H, J = 8.7

Hz); 11.94 (br s, 1H); 12.
64 (br 5, 1H).
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24 | Methyl-phenyl-carbamic 18% | 2.08 (s,3H); 3.33(s,3H); |(-CD| B |
acid 4-(7-chloro-4-hydroxy- 7.04 (m, 2H); 7.13 (m, 2H); | mA
1,10-dioxo-5,10-dihydro-1H- |, 7.17 (s, 1H); 7.29 (m, 1H); | 514/
pyridazino[4,5-bjquinolin-2- 7.44 (m, SH); 8.02 (s, 1H); | 515
yimethyl)-2-methyl-phenyl 8.15 (d, 1H, J = 8.7 Hz);
ester. 11.91 (br s, 1H); 12. 63 (br

s, 1H).

25 | Dimethyl-carbamic acid 5- | 41% | 2.86 (s, 3H); 3.00(s,3H); [(CD) | B
(7-chloro-4-hydraxy-1,10- 3.73 (s,3H); 5.03 (s, 2H); |m4
dioxo-5,10-dihydro-1H- 7.02 (m, 2H); 7.15 (d, 1H, J | 469/
pyridazino[4,5-bjquinolin-2- =8.1 Hz); 742(d, 1H,J= | 470/
yimethyl)-2-methoxy-phenyl 8.7 Hz); 8.03 (s, 1H); 8.14 | 471
ester. (s, 1H); 11.90 (br s, 1H);

12.64 (br s, 1H).

26 | Diethyl-carbamic acid 5(7- | 3% | 1.09 (m, 3H); 1.17 (m, 3H); [ (-C)) | B |
chloro-4-hydroxy-1,10- 3.26 (m, 2H); 3,37 (m, 2H); | mAk
dioxo-5,10-dihydro-1H- 3.73 (s, 3H); 5.03 (s, 2H); | 497
pyridazinof4,5-bjquinalin-2- 7.04 (m, 2H); 7.13 (m, 1H); | 498/
yimethyl)-2-methoxy-phenyl 743(d, 1H,J=87Hz); |499
exter. $.03 (s, 1K); 8.14 (d, 1H, J

= 8.7 Hz); 11.90 (br s, 1H);
12.63 (br s, 1H).

27 | Morpholinc-4-carboxylic 10% | 337 (m, 4H); 3.62 (m, 2H); | (<CD | B
acid 5+(7-chloro-4-hrydroxy- 5.03 (s, 2H); 7.05 (m, 2H); | mA
1,10-dioxo-5,10-dilydro-1H- 7.15(m, 1H); 743 (4, 1H,J | 511/
pyridazino[4,5-bjquinolin-2- = 8.7 Hz); 8.02 (s, 1H); 512
ylmethyl)-2-methoxy-phenyl 8.14 (4, 1H, J = 8.7 Hz);
ester. 11.89 (br 5, 1H); 12.61 (br

s, 1H). )

' is Yicld (given is for final step). ? (given for final two steps). * Method of Example 13 (A)

or 14 (B).
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dimethylformamide (400 mL) under nitrogen was added triethylamine (108 mL, 0.78 mole)
followed by 4-picolyl chloride hydrochloride (1, 40.0 g, 0.243 mole). The reaction mixtare
was then heated at 75 °C for 5 hours and aliowed to cool to room temperature. The reaction
mixture was diluted with water (2 L) end the resulting mixture extracted with ethyl acetate (4
x 500 mL). The combined etiryl acetate extracts were concentraied under reduced pressure
and the residue was dissolved in ether (1 L). The resuiting solution was washed successively
with water (3 x 400 mL) and brine (400 mL) and then dried over Na,SO,. The Na,SO, was
filtered off and the filtratz was concentrated under reduced pressure to give an amber oil
(130.4 g). This product was purified by fiash chromatography on silica gel eluting with
hexane:ethyl acetate (1:1) to give the title compound (2) as a solid off-white foam (24.46 g,
45%). "H NMR (300 MHz, DMSO-d,): 3 1.36 (s, 9H); 3, 90 (d, 2H, J= 4.0 Hz); 5, 04 (d, 1H,
J=4.0Hz); 7.34 (d, 1H, J = 4.5 Hz); 8.48 (4, 1H, ] = 4.5 H2).

lerf-DutoxXy )carDonYIamINo if /-Crinro-3-0xg

To a stirred mixture of 7-chloro-4 2-(pymrolidinylcarbonyl)hydroquinoline-~3-
carboxylic acid (3, 24.29 g 75.73 mmole) and dry tetrabrydrofiran (1175 mL) under nitrogen
was added 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (50.55 -
g 11934 mmole) in portions (35 g followed by 15.55 g after 10 min ). After stirring the "
reaction mixture for an additional 20 minutes, a solution of (ferr-butoxy)-N-[(4-
pyridylmethryl)amino)carboxamide (2, 22.0 g, 98.5 mmole) and tetrabrydrofuren (580 mL) was
rapidly added and the mixture was stirred overnight. The reaction mixture was filtered and
the filter cake was washed with methylens chloride (300 mL). The filtrate and washings wers
combined and additional methylene chloride (800 mL) was added. The resulting solution wes
washed with water (2 x S00 mL) and then dried over Na,SO,, filtered and concentrated under
reduced pressure to give 28.90 g of yellow foam. This foam was treated with ether (800 mlL)
and the resulting inixture was stirred and then filtered. The fiiter cake wasdried at 45 °C—-- - - -
under vacuum to give the desired N-[(fer/-butoxy)carbonylamino][7-chloro-4-oxo-2-

-32-
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To a stirred mixture of N-[(fert-butoxy)carbonylamino][7-chloro-4-oxo-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)}-N-(4-pyridylmethyl)carboxamide (4, 24.0 g, 45.62
mmole) and dry tetrahydrofuran (960 mL.) under nitrogen was added methanesulfonic acid
(120 mL, 177.7 g, 1.85 moles) all at once. The mixture was stirred overnight and then filtered
to scparxte the solids. The collected solids were successively wasbed with tetrahydrofuran (2
x 100 mL), methanol (2 x 50 mL), and ether (100 mL). The filter cake (13.4 g) was then
suspended in methanol (250 mL) and the resulting mixture sonicated for 20 mimites and then
filtered. The collected solids were washed with methanol (2 x 100 mL) and ether (100 mL)
and then dried at 45 “C under vacunm to give 7-chloro-4-hydroxy-2-(4-pyridylmethyl)-
1,2,5,10-tetrahydropyridazino[4,5-bjquinoline-1,1 0-dione methanesulfonate (S, 12.1g, 59%)
as a yellow powder, m.p. > 250 °C. 'H NMR (300 MHz, DMSO-d,): 8 232 (s, 3H), 5.36 (s,
2H); 7.49 (dd, 1H, J=8.1 Hz, 1=2.1 Hz); 7.86 (d, 1H, J = 6.6 Hz); 8.06 (d, 1H, J=2.1 Hz);
8.12(d, 1H,J=8.1 Hz); 8.82(d, 1H, J = 6.6 Hz); 12.6 (br s, 1H); 12.84 (br s, 1H).

Calc'd. for C,,H;,CIN,0,*CH,S0,He0.8H,0: C, 4647; H, 3.60; N, 12.04 Found:
C,4639; H,3.65; N, 11.98

dimethylficrmamide (300 mL) under nitrogen was added triethylamine (128 mL, 0.92 mole)
followed by 3-picolyl chloride hydrochloride (1, 50.0 g, 0.30 mole) as a slurry in N.N-
dimethyificrmamide (300 mL). The reaction mixture was heated at 75 °C for 3 hours, cooled
to room temperature, and diluted with water (24 L). The resulting mixture was extracted with
ether (3 x 800 mL). The squeous Layer was saturated with salt and extracted with ether (3 x
800 mL). The combined extracts were washed with water (1 x 1L), brine (1 x 1L) and then

dried over Na,SO;:- The'Ne;SO; was-filtered offend the filtrate was concentrated-undeg—- - =~——~ - ---- -

reduced preasure. The product was purified by flash chromatography on silica gel eluting
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with ether to give the title compound (2) as an off-white solid (23.3 g, 34%). 'H NMR (300

MHz, DMSO-d,): d 1.36 (s, SH); 3.88 (d, 2H, J = 4.0 Hz); 4.96 (d, 1H, J = 4.0 Hz); 7.33 (dd,

1H,J=7.7Hz, J=4.8 Hz); 7.71 (d, 1H, ] = 7.7 Hz); 7.44 (d, 1H, 1= 4,7 Hz); 8.49 (s, 1H).
inolyl}]- i ide (4).

To a stirred mixture of 7-chloro-4-oxo-2-{pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (3, 20 g, 62.4 mmole) and tetrahydrofuren (800 mL) under nitrogen was added
1-cyclohexy1-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (40.0 g, 94.4
mmole). A solution of (fert-butoxy)-N-[(3-pyridylmethyl)amino]carboxamide (2, 20.9 g, 93.6
mmole) and tetrahydrofuran (450 mL) was rapidly added and the mixture stirred overnight.
The reaction mixture was filtered and the filter cake was washed with tetrabydrofuran. The
filter cake was slurried with methylene chioride and fittered. The filtrates were combined and
evaporated under reduced pressure. The residue was dissolved in methylene chloride, dried
over Na,SO,, filtered and evaporated under reduced pressure to give & foam. The fosm was
stirred with ether (200 mL) and filtered. The filter cake was sonicated with ether (200 mL),
filtered, washed with ether and was dried at 40 °C under vacumm to give N-[(fert-
butoxy)carbonylamino](7-chloro-4-oxo-2-(pyrralidinylearbonyl)(3-hydroquinolyl)}-N-(3-

1noune: none menanesuijonaie ()
To a stirred solution of N-{(fer-butcory)carbonylamino][7-chloro-4-oxo-2-
(pyrrolidinylcarbomy )(3-hydroquinolyl)}-N-(3-pyridyimethyl)carboxamide (4, 32.8 g, mole)
and tetralrydrofuran (1L) under nitrogen was added methanesulfonic acid (150 mL, 222 g,
2.31 moles) over 10 mimites. The mixture was stirred overnight and then filtexed to separate
the solids, The collected solids were washed with tetrahydrofiaran. The filter cake was
suspended in methanol, sanicsted (30 mimutes).and filtered. The solids were resuspended in
methanol, sonicated (30 minutes) and filtered. The collected solids were washed with
methano] and then dried at 100 °C under vacoum to give 7-chloro4-hydroxy-2-(3-
pyridylmethyi)-1,2,5,10-tetrahydropyridazino[4,5-b]quinoline-1,10-dione methanosulfonate -
(5) (19.4, 66%) as a white solid, m.p. > 300 °C. *H NMR (300 MHz, DMSO-d,): d 2.33 (s,
3H); 5.29 (s, 2H)); 7-46-(dd, HE; J=9.0 He; J-= 2.1 Hz); 7.94-(dd, 1H, J = 9.0 Hz, J=S6Hz);- -  ...oooen :

-4



rnn e ctwe e v s AmE AR R e - o . . R -.-.---u..tnuh.lunnhq.-

10

15

30

TEEsAE m meker tEE msmr osmmms L s

criommos 2

8.04 (d, 1H, J~ 1.8 Hz); 8.16 (d, 1H ] = 8.7 Hz); 8.37(d, 1H, J =8.1 Hz); 8.82(d, IH J = 4.8
Hz); 8.89 (s, 1H).

Calc"d. for C,,H,,CIN,0,e CH,SO,He H,0: C, 46.11; H, 3.66; N, 11.95 Found: C,
4634, H,3.61; N, 11.94

Touunedsohmanoft—butylarbm(l74g,153moh)mddryN N-
dimethylformamide (400 mL) under nitrogen was added triethylamine (130 mL, 0.94 molc)
followed by 2-picolyl chloride hydrochlaride (1, 54.0 g, 33 mole). The rcaction mixture was
allowed to stir at ambient temperatare for 1 hour, then heated at 70 °C for 3 hours and allowed
to cool to room temperature. The reaction mixture was diluted with 1:1 mixture of ethyl
acctate/ether and washed with brine and extracted The aqueous layer was monitored by TLC
(eluént: 100% ether) and was extracted several times with ethyl acetate (200 mL) until no
product was observed. The combined organic extracts were washed with brine, dried over
Na,SO, and filtered. The filtrate was concentrated under reduced pressure to give en amber
oil (~100 g) which crystallized. The material was triturated with 1:1 etherhexanes, filtered
and dried under reduced preasure to afford the title compound (2) as an ofF-white solid (33.4
g, 45% yield). 'H NMR (300 MHz, DMSO-d,): & 1.38 (s, 9H); 3.96 (d, 2H, J = 4.0 Hz); 498
(d, 1H, = 4.0 Hz); 724 (dd, 1H,J=7.8 Hz, ) = 7.8 Hz); 748 (d, 1H); 7.74 (dd,1H, J= 7.5
Hz,J=78Hz), 8.32(s, br, 1H); 847 (d, 1H, ] = 4.8 Hz).

To a stirred mixture of7-chlm-4—oxo-2-(pyuoh:hnylmbml)hyqummlmc-3—
carboxylic acid (3, 17.5 g, 54.7 mmole) and dry tetrabrydrofuran (900 mL) under nitrogen was
added 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (35.7 g,
81.2 mmole) in portions (25.0 g followed by 10.7 g after 10 minntes). After stirring the
reaction mixture for an additional hour, a solution of (ferr-butoxy)-N-{(2-
pyridylmethylamino]carboxamide (2, 16.5 g, 73.9 mmole) and tetrabrydrofuran (400 mL) was

added and the mixture was-stirred vigorously- overnight. -The reaction was-monitored by TLC-————...-. ... .

(10% methanol/methylene chloride) and determined to be complete. To separate the

-35-
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precipitated solids, the reaction mixture was filtered and the collected solids were washed
with tetrahydrofuran. The filtrate and washings were comibined and concentrated in vacuo.
The filter cake was suspended in aqueous bicarbonate and brine solutions and extracted with
methylene chloride (3 x 300 mL). These extracts were combined with the previously
concentrated organic extracts and were washed with bicerbonate, brine (3x) and dried over
Na,S50,. The Na,SO, was filtered off and the filtrate was concentrated under reduced pressure
to provide a residue which was purified by flash chromatography on silica gel eluting with
5% isopropenol/chloroform. After concentration of the desired fractions in vacuo the. desired
N-[(rert-butoxy)carbonylamino][7-chloro-4-oxo-2-(pyrrolidinylcarbomyl)(3-hydroquinolyi)]-
N-(2-pyridylmethyl)carboxamide (4) was isolated as a light tan powder (24.3 g, 61% yield).

mefnyl)-1.2.0, 10-1etra Y argpYIaeanot 4 5=

inoline-1.10-diene methanesulfonate (5) .
To a stirred mixture of N-{(ters-butoxy)carbonylamino][7-chloro-4-0x0-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl) N-(2-pyridylmethyl)carboxamide (4, 24.0 g, .045
mole) end dry tetrahydrofuran (800 mL) under nitrogen was added methanesulfonic acid (100
mL, 148 g, 1.54 moles) all at once, The mixture was stirred overnight and then filtered to
separate the solids. The collected solids were successively washed with tetralrydrofuran (2 x
100 mL) and ether (2 x 100 mL). The filter cake (15.8 g) was then suspended in methanol
(250 mL) and the resulting mixture sonicated for 30 minutes and then filtered. The collected
solids were washed with methanol (2 x 100 mL) and ether (100 mL) and then dried at 35 °C
under vacuum o give the methane sulfonate salt of 7-chloro-4-hydroxy-2-(2-pyridylmethyl)-
1,2,5,10-tetrahydropyridazino[4,5-b]quinoline-1,10-dione (S, 12.1g, 59%) as an orange
powder, m.p. >300 °C. "HNMR (300 MHz, DMSO-dy): 5233 (s, 3H), 5.35 (3, 2H); 7.46(d,
1H,J=8.7Hz); 764 (d, 1H, J=7.8 Hz); 7.68 (dd, 1H, J=4.8 Hz, J=6.6 Hz); 8.02 (s, IH);
8.14(d, 1H, J=8.7 Hz); 8.19 (dd, 1H, J= 6.6 Hz, J = 7.8 Hz); 8.73 (d, 1H, J = 4.8 Hz); 10.06
(s, br, 1H); 12.84 (8, br, 1H).

Calc’d. for C,,H,,CIN,O,+CH,;S80,H: C, 47.95; H,3.35; N, 1243 Found: C, 47.93;
H,342;N, 12,01

-36-
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To a stirred solution of fert-butylcarbazate (1.22 g, 9.82 mmol) in tetrahydrofiran (40
ml) was added pyridoxal hydrochloride (2.00 g, 9.82 mmol). After2 h at room tempexature,
the reaction was refluxed for 4 h, and the solvent was removed in vacwo. The resultant salid
was triturated with hexanes and filtered to give the title compound (2) as a white solid (3.00 g,
96%). 'H NMR (300 MHz, DMSO-dy): § 1.50 (s, 9H); 2.59 (s, 3H); 4.70 (s, 2H); 8.19 (s,
1H); 8.51 (s, 1H); 12.06 (s, 1H); 12.72 (s, 1H).

N-{1-Aza-2-[3-hydroxy-5(bydroxymethyl)-2-methyl(4-pyridyl)}vinyl} (ters-butoxy)-
carboxamide hydrochloride (3.0 g, 9.46 mmol) was dissolved in methy) alcobol (S0 mL) and
placed in a Parr shaker boitle. To this was added 10% palladium-on-carbon (300 mg) and the
reaction was hydrogenated at 40 pai for 24 h. The mixtore was filtered through celite, which
was then washed with methyl alcohol (3 x 100 mL). The combine filtrate and washes were
concentrated in wacuo. The resulting solid residue was dissolved in methylene chloride (400
mL) and the resulting solution washed with saturvated sodinm bicarbonate. The organic layer
was washed with brine, dried over MgSO, and concentrated to give the title compound (3) as
a white solid (1.4 g, 52%). 'H NMR (300 MHz, DMSO-d): 5 1.39 (s, 9H); 2.53 (s, 3H); 3.16

To a stinred slurry of 7-chloro-4-0x0-2-(pyrrolidinylcarbonyl)ixydroquinoline-3-
carbonylic acid (1.5 g, 4.94 mmal) in tetralrydrofuran (100 mL) was sdded 1-cyclohexy-3-
(2-morpholinoethyl jcarbodiimide metho-p-toluenesulfonate (2.4 g, 5.68 mmal) and the
reaction wes stirred for five minutes. To this mixture was added via dropwise addition &
solution of (+/-)(tert-butoxy)-N-[3-hydroxy-S(hydroxymethyl)-2-methyl(4-
pyridylmethyl)jcarboxamide (1.4 g, 4.94 mmol) and 4-dimethlyaminopyridine (0250 g, 2.04
mmol) in tetrahydrofuran (20 mL), and the mixture was stirred at room temperature for 1
hour. The reaction mixture was filtered and the collected solids washed with methylene
chloride (2 x 150 mL). The combined filtrate and washes were washed with water (100 mL)

-37-
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and brine and then dried over MgSO, and filtered. The filtrate was concentrated to dryness to
give the title compound (4) as a yellow foam (1.7 g, 58%).

To a stitred solution of (+/-)-N-{(fer¢-butoxy )cubonylumm][‘l-eblom—tl—om-z-
{pyrrolidinylcarbonyl)(3-hydroquinolyl]-N-[3-hydroxy-5(hydroxymetiry])-2-methyl(4-
pyridylmethyl)] carboxamide {1.72 g, 1.5 mmol) in tetrahydrofuran (40 mL) was added
methsnesulfonic acid ($ mL) and the reaction was stirred overnight. The volstiles were
removed in vacuo and the resuitant oil was poured on to crushed ice. To this mixture was
carcfully added 10N sodium hydroxide until a solid precipitate formed. The solution was
filtered to give an orange solid. The resultant aqueous layer formed a fine precipitate which
was collected by filtration, washed with diethy] ether and dried to give the title compound (5)
a5 an off-white powder (m.p. dec a2 275 °C). *H NMR (300 MHz, DMSOQ-d,): 5 2.30 (s,
CH,SO,H); 2.39 (s, 3H); 4.84 (s, 2H); 521 (s, 2H); 7.45 (dd, 1H, J = 2.1, 9.0 Hz); 8.03 (m,
2H); 8.13 (4, 1H, ] =72 Hz2).

Calc’d. for C,,H,,CIN,0,¢0.5CH,SO,He H,0: C, 49.63; H,3.37; N, 11.84. Found:
C,49.74; H,3.84;N, 11.74,

To a stirred slurry of7-ch1mo-4—hydmxy-2—pyndm—4—ylm=ﬂwl-l 2,5,10-
tetrahrydropyridazino(4,5-b]quinoline-1,10-dione (1, 0.50 g, 1.07 mmaol) in pyridine (5 mL)
was added N, N-dimethylcarbemyl chloride (0.15 g, 0.13 mL, 1.4S mmeol). The mixture was . .
heated to reflux for 8 hours, cooled ¢ room tempersture and stirred for 16 hours. The
resultant solid was collected by filtration and washed with water (20 mL) and dicthryl cther (20
mL). This material was subjected to chromatography (SiO,, 9010 chioroform/methyl
alcobol) to give the title compound es a yellow powder (0.10 g, 22%). "H NMR (300 Mz,
DMSO-d,): 5 2.97 (s, 3H); 3.15 (s, 3H); 522 (s, 2H); 7.24 (d, 2H, S.7H, I = 5.7 Hz); 7.46 (d,
1H, J = 8.7 Hz); 7.91 (s, [H); 8.16 (¢, 1H, J = 8.7 Hz); 8.50 (d, 1H, J=5.7 Hz); 11.87 (brs,
1H). MS (-CT) m/k 424/425.
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To a stitred solution of 4-(2-hydroxyethyl)pyridine (4.95 g, 40.19 mmole) and
chloroform (30 mL) under nitrogen was added thionyl chloride (8.04 g, 67.58 mmole). The
reaction mixture was then heated at 60 °C for 0.5 hour. The reaction mixture was
concentrated under reduced pressure and the residue was dissolved in water. The resulting
solution was neutralized with concentrated ammonium hydroxide and extracted with etiryl
acetate (2 x 30 mL). The combined ethyl acetate extracts were dried over Na,SO,. The
Na,SO, was filtered off and the filtrate was concentrated under reduced pressure to give the
title compound (2) as an amber oil (5.47 g, 96%). "H NMR (300 MHz, DMSO-dy): 5 3.16 (¢,
2H,)J=69Hz);83.93,(+2,]=69Hz);87.34(d,2H,J=1.5H=z); § 850 (d, 2H, = 1.5 H2)

srt-Butoxyi-N-I4 nvridviethvDaminolcarboxamide (3)

To a stirred solution of t-butylcarbazate (12.64 g, 95.34 mmole) and N)N-
dimethylformamide (50 ml.) under nitrogen was added 2-chloroethylpyridine 2 (5.4 g, 38.14
mmole). The reaction mixture was then heated at 75 °C for 18 hours and allowed to cool to
room temperature. The reaction mixture was diluted with water (400 mL) and the resulting
mixture extracted with ethyl acetate (2 x 125mL). The combined ethyl acetate extracts were
concentrated under rednced pressure and the residne was dissolved in ether (200 mL). The
resulting solution was washed with 1N sodium bicarbonate (2 x 50 mL) and concentrated
under reduced pressure to give an amber oil (1024 gms). This product was purified by flash
chromatograplry on silica gel eluding with chloroform;methanol (93:7 to 95:5) to give the title
compound (3) as a solid light amber foam (4.88 g, 54%). "HNMR (300 MHz, DMSO-d,: &
1.4 (m, 9H); 5 2.66 (t, 2H, J=6.9 Hz); § 2.90 (¢, 2H, ]=6.91 Hz); 5 4.84 (s, 1H); 8 7.26 (d, 2H,

To a stirred mixture of 7-chloro-4-oxo0-2-(pyrrolidinylcerbonyl)irydroquinoline-3-
carboxylic acid (4, 2.7 g, 8.42 mmole) and dry tetrahydrofuran (132 mL) under nitrogen was
added 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (7.13 g,

16.24 mmole) in portions (10.0°g followed by 6.84-g after10 mim)-—After stiring the reactionr~——- - - =+ == - -

mixture for an additional 20 minutes, a solution of (ters-butoxy)-N-[4-
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pyridylethyl)amino]cerboxamide (3, 2.0 g, 8.43 mmole) and tetrahydrofuran (64 mL) was
rapidly added and the mixture was stirred overnight. The reaction mixture was filtered and
the filter cake was washed with methylene chioride (40 mL). The filtrate and washings were
combined and additional methylene chloride (80 mL) was added. The resulting solution was
washed with water (2 x 50 mL) and then dried over Na,SO,, filtered and concentrated under
reduced pressure to give 3.8 g of yellow foam. This foam was treated with ether (80 mL) and
the resulting mixture was stirred and filtered. This product was purified by flash
chromatography an silca gel eluting with chloroform:methano] (95:5) to give the tite
compound (5) as a solid yellow foam (1.20 g, 34%). MS m/z 538 (M-1); TLC, R,=0.62
chloroform:methanol (90:10) silica

To a stirred mixture of N-[(tert-butoxy)carbonylamino][7-chloro-4-oxo-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)]-N-(4-pyridylethyl)carboxamide (S, 1.15 g, 2.18
mmole) and dry tetrahydrofuren (40 mL) under nitrogen was added methanesulfonic acid (5
ml., 7.4 g, 77 mmoles) all at once. The mixture was stirmed ovemight and then concentrated
under reduced pressure. The residue (cil) was washed with ether (2 x 50 mL) and the ether
was decanted off. The residual oil was treated with water (60 mL) and stirred for 1 hr. then
filtered. The filter cake was washed with water (2 x 20 mL) and dried under vacuum at 45 °C
to give 7-chloro-4-hydroxy-2-(4-pyridylethyl)-1,2,5,10-tetrahydropyridezino{4,5-bjquinoline-
1,10-dione (6, 620 mg, 48% yisld) as a yellow powder, m.p. 223-225 °C. 'HNMR (300 MHz,
DMSO-d,, TFAD) & 3.37 (t, 2H, J=6.0 Hz); & 4.38 (t, 2H, J=6.0 Hz); 5 7.43 (dd, 1H, }=8.4 .
Hz, J=1.8 Hz); 8 7.94 (d, 2H, J=6.6 Hz); 8 8.03 (d, 1H, J=1.8 Hz); § 8.12 (d, I1H, J=84 Hz) §
8.78 (d, 2H, J=6.6 Hz)

Calc'd for C,H,,CIN,0;#CH,S0,He1.25 H,0: C, 46.82; H, 4.03; N, 11.50. Found:
C,46.71; H,4.02; N, 11.48.

2-Mcthylpyrazine (1.0 mL; 22 mmol) in carbon-tetrachloride (80-mi.)-was treated with-- -- --- . -cce .. ..

N-chlorosuccinimide (4.27g, 31.5 mmol) and benzoyl peroxide (0.26 g, 1.1 mmol). The
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mixture was heated to reflux for 7 hours, and then cooled to room tempersture, The solids
were filtered through celite end washed with methylene chloride. The filtrate was washed
with aqueous sodium thiosulfite (sat., 1X), aqueous sodium bicarbonate (sat., 1X), water
(1X), and aqueous sodium chloride (sat., 1X). The organic layer was dried over sodium
sulfate, filtered, concentrated under reduced pressure, and used directly in the following
reaction. (Contains 5-10% of the a.a -dichlorinated material). 'H NMR (300 MHz, DMSO-
do): 8 4.88 (s, 2H), 8.65-8.68 (m, 2H); 8.85 (s, 1H).

tert-Bitox, pyrazin-2-yimethy]}aminojcarboxamide (2

To a stirred solution of 2-chloromethylpyrazine (1, 1.2 g, 93 mmol) and dry N,N-
dimethylformsmide (16 mL) was added t-butylcarbazate (6.3 g, 48 mmol) and triethylamine
(2.6 mL., 19 mmol) under nitrogen. The reaction mixture wes then heated at 7S °C for 17
hours and cooled to room temperature. The reaction mixture was diluted with water and
extracted with ether (5X). The combined ether extracts were washed with brine and dried
over Na,SO,. The Na,SO, was filtered off and the filtrate was concentrated under reduced
pressure to give a brown oil (1 g). The oil was subjected to flash chromatography (silica gel,
2-5% gradient of methanol in methylene chloride) to give the title compound as a waxy brown
solid (2, 1.64 g, 79%). 'H NMR (300 MHz, DMSO-d,, TFA shake): 8 1.44 (s, 9H); 4.53 (s,
ZH); 8.71-8.78 (m, 2H); 8.81 (s, 1H).

N=1 8 FEF =D Y R DOR Y I N

pauinolv N-{pymazin-2-vimethylcarboxamide (4).

To a stirred mixture of 7-chloro-4-oxn-2-(pyrmrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (3, 2.3 g, 7.2 mmol) and dry tetralrydrofuran (100 mL) under nitrogen was
added 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (4.56 g,
10.8 mmol). After stirring 20 minutes, the reaction mixture was treated with a solution of
(tert-butoxy)-N-[(pymzin-2-ylmethyl)aminojcarboxamide (2, 1.6 g, 7.1 mmol) and 4-
dimethylaminopyridine (46 mg, 0.4 mmol) in tetrahydrofuran (10 mL). The reaction mixture
'was stirred at reflux for 2 days and cooled to room tempershure. The reaction mixture was
filtered and the filter cake was washed with tetrahydrofuran. The combined filtrate and
washes were concentrated to give a brown foam (4.9 g). The foam was subjected to fiash
chromatography (silica gel, 2% methanol/methylene chloride) to give the title compound (4,
3.0g82%). - -~ - -

—4] -
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plipe-1.10-dione methanesulfonate (5)

To a stirred mixture of N-{(rers-butoxy)carbonylamino][ 7-chloro-4-0xo-2-
(pymolidinylcarbonyl)(3-hydroquinolyl)]-N-(pyrazin-2-ylmethyl)carboxamide (4, 3.1 g, 5.9
ramol) and dry tetrahydrofuran (100 mL) under nitrogen was added methanesulfonic acid
(13.5mL, 021 mol). The mixture was stirred overnight, filtered, and the collected solid
washed with tetrahydrofuran. The solid was treated with methanol and the mixture sonicated
for 1 b. The solid was again collected by filtration, washed with methanol, and dried at 50 °C
under vacuum to give the title compound (5, 2.0 g, 80%) as a white powder, m.p. 235-245 °C.
"H NMR (300 MHz, DMSO-d,): 5 238 (CH,CO,H, s, 3H), 527 (s, 2H); 7.44 (dd, 1H,J =
1.8,8.7Hz); 8.04 (d, 1H, J = 1.8 Hz); 8.14 (d, 1H, ] = 8.7 Hz); 8.58 (dd, 2H, J =24, 7.5 Hz);
8.63 (s, 1 H). Calc’d for C,;H,,CIN,O,«CH,SO,HeH,0: C, 43.46; H, 3.43; N, 14.90.
Found: C, 43.28; H,3.34;N, 15.17

N-1-az8-2-02-fimeny{}vinvXterr-butoxy)carboxamids

To a stirred slurry of fert-butylcarbazate (131.5 g, 0.99 mol) in hexane (1000 mL) was
added 2-furaldehyde (91.9 g, 0.95 mol). The slurry was refluxed for 2.5 b, and then cooled to
room temperature. The resultant tan solid was filtered, dried and used without further
purification in the following reaction (1, 200 g, 99%). 'H NMR (300 MHz, DMS0-d,): § 1.52
(s, SH); 6.45 (dd, 1H, J=33, 12 Hz); 6.71 (d, 1H, =33 Hz); 747 (d, 1H, ] = 1.2 Hz); 791
(s, 1H).

ferf-Dutgx [2-furanvimethvDaminolcarboxamide (2).
A one liter, three-neck round bottomn fiask was equipped with an addition funnef,
nifrogen inlet and an overhead mechanical stirer. The appareins wes dried under vacuam and
flushed with a steady stream of nitrogen gas. The flask was charged with lithium aluniimm
hydride (7.75 g, 0.20 mol) and tetrahydrofiren (30 mL). N-1-Aza-2-(2-furanyl)vinyl)rert-
butoxy)carboxamide (20 g, 0.095 mol) was dissolved in tetrahydrofuran (250 mL) and then o
slowly added to the stirred lithium aluminum hydride suspension over a 30 minute period.
Any regidual material remaining in the addition funnel was-washed into-the flask-by-ringing - -+~ -----=- -+ ---- ==
with tetrahydrofuran (2 x 30 mL). The reaction was stired overnight, cooled with an ice bath

Y v
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and then carefully quenched with a saturated aqueous solution of Na,SO,. The resulting
mixture was filtered and the collected solids washed with tetrahydrofuran. The combined

""" filtrate and washes were concentrated to an oil, which was stirred for 18 hours with hexanes
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(ca. 600 mL). The resulting mixture was filtered and the filtrate concentrated to give the
desired material 2 as a yellow oil (10.0 g, 50%). 'H NMR (300 MHz, DMSO-d,): 5 1.46 (s,
9H); 3.99 (d, 2H, ] =4.9 Hz); 4.21 (br s, 1H); 6.17 (br s, 1H}; 6.24 (d, 1H, J =3.0 Hz); 6.32
(dd, 1H, J=3.0, 1.2 Hz); 7.38 (d, 1H, J = 1.2 Hz).

Toasun'edllmry of 7-chloro-4-oxo0-2-(pyrrolidinylcarbonyi)hydroquinoline-3-
carboxylic acid (26.99 g, 84.3 mmol) in tetrabydrofuren (1300 mL) was added di-
isopropylcarbodiimide (13.94 g, 110 mmol) and the reaction was stirred for ten minutes. To
this mixture was added dropwise a solution of (fert-butoxy)-N-{(2-
furarylmethylJamino]carboxamide (22.9 g, 103 mmol) in tetrahydrofirran (200 mL). After
stirring the reaction for 18 hours, it was concentrated in vacuo to a hrown tar which was
triturated with chloroform. The resulting mixture was filtered, washed with chloroform and
dried. This material (3) was used without further purification in the following reaction (mass
of material approximately 30 g).

To a stirred solution of (+/-)-N-[(¢ert-butoxy)carbonylamino) [7-chloro-4-oxo-2-
(pyrrolidinylearbonyl)(3-krydroquinalyl]-N-(2-furanylmethyl)carboxamide. (29.00 g, 56.3
mmol) in tetrahydrofaran (1000 mL) was added methanesulfonic acid (118 mL) and the
reaction was stirred for 18 hours at room temperature. The reaction mixture was poured on 3
liters of ice-water and the resulting mixture was filtered to give an off-white solid. This
material was dissolved im hot tetrahydrofuren (ca. 1 liter) and then concentrated to half-
volume. The resultant slurry was poured on ice-water (2 liters) and after twventy minutes the
mixture was filtcred. The collecied material was dried to give the title compound (4)asa
white solid (14.4 g, 74%; m.p. >265 °C). 'H NMR (300 MHz, DMSO-d,): & 5.08 (s, 2H);
6.37 (d, 1H, 1 =3.0 Hz); 6.42 (dd, 1H, J =3.0, 1.5 Hz); 7.43 (d, 1H, 1 = 7.8 Hz); 7.54 (s, 1H);

B.00(d, 1H,J=1.5 Ha); 8.14 (d; IH, T =8F Hz).~—- - - — === — =
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Calc'd. for C,H,,CIN,O,: C, 55.91; H,2.93; N, 12.23 Found: C, 56.10; H, 2.98; N,
12.03.

To a 0 °C solution of methy! 2,5-dimethyl-3-furcate (2.0 g, 13.0 mmol) in THF (130
mL) under N, was added lithium aluminum hydride (39 mL of a 1.0 M solution in THF, 38.9
mmol) dropwise. The reaction was stirred at 0 °C for 3.5 h, at which time it was quenched
cautiously with saturated aqueous Na,SO, solution and allowed to warm to room temperature,
The reaction mixturewas filtered and rinsed with ethryl acetate, the filtrate was diluted with
more ethyl acetate and the layers separated. The organic layer was washed with saturated
aqueous NH,Cl, water and brine and dried over Na,SO,. The solution was filtered and
concentrated to afford 2,5-dimethyl-3-furanmethanol as a clear liquid (1.54 g, 122 mmol, 94
%). 'H NMR (300 MHz, DMSO-d,)): d 5.93 (s, 1H); 4.18 (s, 2H); 2.17 (s, 3H); 2.15 (s, 3H).

N'-(2.5-Dimethyl-furan methv-hydrezinecarboxylic acid tert-butyl ester (2)

To a 0 °C solution of 2,5-dimethy}-3-furanmethanol (750 mg, 5.95 mmal) in THF (60
mL) under N, was added phosphorus tribromide (169 mL, 1.78 mmol). After 0.5 hour, water
was added and the solution was warmed to room temperature. The reaction was diluted with
ethyl acetate and weashed with saturated aqueous NaHCO,, water and brine and dried over
Na,SO,. It was then filtered and concentrated to afford a yellow-brown oil which was used in

To a stirred solution of 2,5-dimethyl-3-hromomethylfuran (5.95 mmol theor.) in DMF
(30 mL) was added K,CO, (1.64 g, 11.9 mmol) and stert-butyicarbazate (3.1 g, 23.8 mmol).
The reaction was heated to 65 °C for 1 h. The reaction was cooled to room temperature,
saturated aqueous NH,Cl, water and brine and dried over Na,S80,. The mixture was filtered,
concentrated and distilled on a Kuglerchr appamatus at 100 °C and 35 mTorr to remove the
excess DMF and rerr-butylcarbazate. This material was then purified using silica gel columm
chromatography (hexanes - 4:1 hexanes:ethyl acetate as eluant) to afford N°-(2,5-dimethyl-

furan-3-ylmethyl)-ydrazinecarboxylic-acid ferf-butyl-ester as- dark-yellow oil {670 mg; 279~ — — - -= - - -
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mmol, 47 % for the two steps). "H NMR (300 MHz, DMSO-d,): d 8.11 (brs, 1H); 5.91 (s,
1H); 4.38 (br s, 1H); 3.54 (s, 2H); 2. 16(s.3H).214(s.3H). 1 39(s.9H)

To a stirred slurry of 1-:hlom-4-oxn-2-(py:mlxdmylmbonyl)hyqummlme-3—
carboxylic acid (500 mg, 2.79 mmol) in THF (10 mL) was added |-cyclohexyl-3-(2-
morpholinoetbyljcarbodiimide metho-p-toluenesulfonate (2.36 g, 5.58 mmal). To this canary
yellow mixture was added a solution of N'-(2,5-dimethyl-furan-3-ylmethyl)-
hydrazinecarboxylic acid rerr-butyl ester (670 mg, 2.79 mmol) and N,N-dimethyl-
aminopyridine (51 mg, 420 mmol) in THF (20 mL). The resultant mixtore was refluxed
under N, for 3.5 b, then cooled and filtered. The filtrate was concentrated and filtered through
2 small column of silica gel (CH,Cl, - 5% McOH/CH,Cl,) to afford N'-{7-chloro-4-0x0-2-
(pyrrolidine-1-carbonyl)-1,4-dibydro-quinoline-3-carbonyl}-N" <(2,5-dimethyl furen-3-

ylmethyl)-hydrazinecarboxylic acid fers-butyl ester as a yellow solid; this material was used in
mmmmmmmpmm MS m/z 5432 (M+1)

To a stirred solution ofN'-[T-nblmo-4-oxo-2-(pynohdmn—l-a:bonyl)—l /A-dihydro-
quinoline-3-carbonyl}-N"(2,5-dimethylfurmn-3-yimethyl)- hydrazinecarboxylic acid ferr-butyl
ester (2.79 mmol theor.) in THF (60 mL) was added methanesulfenic acid (7.25 mL, 112
mmol) dropwise. This solution was stirred at room temperatore overnight, at which time
water (ca. 150 mL.) was added to induce precipitetion of the product. The material was
filtered to give a tan powder; this powder was dried at 30 °C under 500 mTomr overnight to
afford the title compound as a tan powder (680 mg, 1.82 mmol, 66 % for two steps). 'H NMR
(300 MHz, DMSO-d,): d 12.51 (br s, 1H); 11.88 (br s, 1H); 8.14 (d, J=8.7 Hz, 1H); 8.01 (d,
J=2.1 Hz, 1H); 742 (dd, J= 1.8, 8.7 Hz, 1H); 5.94 (5, 1H); 4.79 (3, 2H); 2.27 (s, 3H); 2.14
(s, 3H). MS m/z 370.0 (M-1)
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1-(2-Hydroxy-ethyl)-piperazine (1, 2.00 g, 1.88 mL, 15.3 mmol) was dissolved in
methylene chloride (80 mL) and to this was added di-ferr-butyl dicarbonate (3.35 g, 15. 3
mmol). The reaction was stirred at room temperature for 72 bours, diluted with methylene
chloride (100 mL) and extracted with water (1 x 50 mL). The organic layer was then washed
with aqueous sodium chloride (saturated, 1 x 50 mL) and dried over Na,SO,. The organic
layer was collected and removed under reduced pressure to give the title compound as an oil
(3.5 g 99%). 'H NMR (300 MHz, DMSO0-d)): § 1.38 (s, 9H); 2.39 (m, 6H); 328 (t, 4H, J =
5.1 Hz); 3.46 (dd, 2H J= 6.0 Hz); 4.39 (s, 1H, J = 6.0 Hz).

-(2-Hydroxy-ethyl)-pipemzine, polystyrene bound (3

4-(2-Hydroxy-ethyl)-piperazine-1-carbaxylic acid rers-butyl ester (2,33 g, 14.3
mmol) was dissolved in tetrahydrofuran (80 mL) and to this was added solid potassium ferz-
butoxide (1.57 g, 13.9 mmol). The mixture was stirred for 30 minutes at 0 °C, and then at
room temperahure for 2 hours. The reaction mixture was then transferred to an Erlenmeyer
flask which was charged with chioromethyiated styrene/divinylbenzene copolymer (19 cross
linked, 1 meq/gram, 2.8 g). The reaction flask was shaken for 48 hours, and the resin
collected by filtration. The resin was washed with tetrahydrofiran (2 x 50 mL), water (2 x 50
mL), water/N,N-dimethylformamide (1/1, 2 x 50 mL), methylene chloride (2 x 50 mL) and
ethyl ecetate (2 x 50 mL). The resin was dried under reduced pressure to give polystyrene
resin bound 4-(2-hydroxy-ethyl)-piperazine-1-carboxylic acid fers-butyl ester (3.1 g). IR (on
resin) 1696 (s); 1492 (w); 1452 (w); 1242 (s); 1172 (s) em™.

Polystyrens bound 4-(2-hydroxy-cthyl)-piperazine-1-carboxylic acid rerr-butyl ester
(3.1 g) was sharied in methylene chloride (50 mL) and trifluoracetic acid (10 mL) at room
temperature for 2 hours. The resin was collected by filtration snd washed with ammoniated
methanol (2N, 2 x 30 mL), N,N-dimethyifonnamide (1 x 40 mL), and methylene chlorido (3 x
30 mL). The resin was dried under reduced pressure to give the title compound (2.45 g). IR
(om resin) 1601 (w); 1493 (w); 1452 (w).

7-Chloro-4-0x0-1,4-dihydro-quinoline-2,3-dicarboxylic acid 3-methyl ester (1.00 g,
3.55 mmol) was shuried in chloroform (25 mL, cthanol free) and to this was added thionyl

chloride (~2'mL): The mixture-was heatedto reflux for-6-hours;-and then cooled to-room - - -+~

temperature. The volatiles were removed under reduced pressure to give the title compound
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as a solid. This material was used in the following reaction without further purification. 'H
NMR (300 MHz, CDCL,): & 4.06 (s, 3H); 7.58 (dd, 1H, J =8.1 Hz); 8.06 (dd, 1H, J = 1.8 Hz);
329 (d, 1H, J=8.1 Hz); 12.59 (s, 1H).

Polystyrene bound 1-(2-hydroxy-cthyl)-piperazine (3, 2.45 g) was slurried in
tetrahydrofuran (50 mL) and to this was added 7-chlaro-2-chlorocarbonyl-4-oxo-1,4-dihydro-
quinoline-3-carboxylic acid methyl ester (1.0 g, 3.55 mmol). The mixture was shaken for 16
hours, and the resin was collected by filtration. The resin was washed with tetrahydrofuran
(50 mL), N,N-dimethylformamide/water (1/1, SO mL), N, N-dimethylformamide (50 mL),
methyl alcohol (50 mL), and methanolic ammania (0.5 N, 2 x 50 mL). The resin was dried
under reduced pressure to give polystyrene resin bound 7-chloro-2-{4-(2-hydroxy-ethyl)-
pipemazine-1-carbonyl}-4-oxo-1,4-dilrydro-guinoline-3-carboxylic acid methy] ester (2.10 g).
IR (on resin) 1656 (w); 1601 (w); 1492 (w); 1467 (w); 1452 (w).

Polystyrene bound 7-chloro-2-[4-(2-hydroxy-ethyl)-piperazine-1-carbonyi]-4-oxo-1,4-
diliydro-quinoline-3-carboxylic acid methyl ester (2.10 g) was added to a mixture of
tetrahydrofuran (10 mL) and water (4 mL). To this was added potassium hydroxide (0.35 g,
6.3 mmol) and the reaction stirred at reflux for 6 hours. The reaction was quenched by the
addition 'of aqueous hydrochloric acid (3.10 mL., 2N) and the resin collected by filiration. The
resin was washed with water (30 mL), N, N-dimethylformsmide/water (1/1, 50 mL), N, N-
dimethylformamide (50 mL), methyl alcobol (50 ml.), and methylene chlorids (50 mL). The
resin was then dried under reduced pressure to give the title compound (0.75 g). IR (on resin)
1666 (w); 1602 (w); 1582 (w); 1492 (w); 1452 (w)

Anlmafﬂ-fmm—Z—yMﬁ::—hﬁ:-:mbmqhemdm—buylm(zos;
9.80 mmol) was dissolved in S0 methryl alcohol (50 mL) and charged into a Parr shaker bottle.
To this was added palladium on carbon (1094, 0.310 g) and the mixture shaken at 40 psi for 4
hours. The mixture was filtered on CELITE and solvent removed under reduced pressure to
give the title compound as an 0il. The material was used in the following reaction without
further purification.

-7 -
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Polystyrene resin bound 7-chloro-2-[4-(2-hydroxy-ethyl)-piperazine-1-carbonyl]-4-
oxo-1,4-dihydro-quinoline-3-carboxylic acid (5, 0.50 g) was added to tetrahydrofuran (30 mL)
end to this was added 1-cyclohexyl-3-(2-morpholinocthyl)carbodiimide metho-p-
toluenesulfonate (1.0 g, 2.3 mmol). The reaction was allowed to shake for 15 minutes at
which point the resin turned bright yellow. To this was edded N'<{tetralydro-furan-2-
ylmethyl)-hydrazinecarboxylic acid sert-butyl ester (6, 0.44 g, 2.05 mmol) and N N-
dimethylaminopyridine (0.10 g, 0.08 mmol) and the mixture was shaken for 16 hours. The
resin was collected by filtration and washed with water (30 mL), N,N-
dimethylformamide/water (1/1, 50 mL), N N-dimethylformamide (30 mL), methyl alechol (2
x 30 mL) and methylene chloride (2 x 30 mL). The resin was dried under reduced pressure to
give the title compound (0.40 g). IR (on resin) 1666 (w); 1602 (w); 1582 (w); 1492 (w); 1451
(w)-

Polystyrene resin bound N'-{7-chloro-2-[4-(2-hydroxy-ethyl)-piperazine-1-carbonyl]-
4-gx0-1,4-dihydro-quinoline-3-carbonyl }-N'-(tetrahydro-foran-2-ylmethyl)-
hydrazinecarboxylic acid ferr-butyl ester (7, 0.40 g) was added to tctrahydrofuran (15 mL) and
to this was added methanesulfonic acid (1 mL). The mixture was shaken at room temperatore
for 24 hours. The resin was filtered and washed with tetrabydrofuren. The solvent was
evaporated and the residual oil diluted with of tetrahydrofuren (3 mL). This mixture was
poured into mixture of ice/water (80 mL) and stirred for 10 minutes. The resultant solid that
formed wes filtered and washed with diethylether (5 mL). The material was dried under
reduced pressure to give the title compound as an off-white solid (0.01 g). 'H NMR (300
MHz, DMSO-d,): § 1.65 (m, 1H); 1.85 (m, 3H); 3.61 (m, 1H); 3.75 (m, 1H); 3.87 (m, 1H);
3.95 (m, 1H); 4.20 (m, 1H); 7.42 (d, 1H, J = 8.1 Hz); 8.02 (s, 1H); 8.14 (d, 1H, J = 8.1 H2);
12. 35 (br, 5). MS (+CT) m/z 348/349.
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A mixture of S-hmmomethyl-:mle (1.62g, 10 mmo}), tm—hnyhrbnm (5.29g
40 mmol) end sodium carbonate (2.76 g, 20 mmol) in DMF (25 mL) was heated to 80°C
under a nitrogen atmosphere for 6 hours. The mixtare was cooled and partitioned between
cthyl acetate (100 mL) and water (200 mL). The organic layer was washed with brine (3 X 50
mL) and dried over MgSO,. The solvent was removed by rotary evaporation. The residual
DMF and excess fert-butylcarbazate was removed by vacuum distillation (50 mTorr, 30°C).
The residue was subjected to chromatography (silica gel, 1/1 ethy] acetate/hexane) to give the
title compound (1) as a white solid (1.01 g, 49%). 'H NMR (300 MHz, DMSO-d,): 5 1.38 (s,
9H); 4.01 (s, 2H); 5.13 (bs, 1H); 6.38 (s, LH); 838 (s, 1H); 8.48 (s, 1H).

Touhmdslm-ry of 7-¢lm4—ww—2{pynohdmy!urbouyl)hydroqmlme—3—
carboxylic acid (1.51 g, 4.7 mmol) in tetrahydrofaran (50 mL) was added 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (4.24 g, 10 mmol) and the reaction
was stirred for five mimutes. To this mixture was added a solution of N*-Isoxazol-5-ylmethyl-
hydrazinecaboxylic acid fers-butyl ester (1.0 g, 4.7 mmol) and 4-dimethlyaminopyridine (0.06
£ 0.5 mmol) in tetrahydrofuran (10 mL). The mixture was heated to refhux for 1.5 hours then
allow to stand at room temperature for 16 hours. The solids were filtered off and washed with
methylene chloride (2 X 50 mL). The combined filtrate was evaported to dryness by rotary
cvaporation. The residual solid was subjected to chromatography (silica gel, 19
methanol/methylene chlaride) to give the title compound (2) as an off-white foam (2.09 g,
36%). MS (CY) m/t 514/516.
piquinoline-1,10-diope G3)

To a solution of N°-[7-chloro-4-hydroxy-2-(pyrrolidine-1-carbomyl)-quinoline-3-
carboxyl]-N'-isoxazol-5-ylmethyl-hydmzinecarboxylic acid terr-butyl ester (1.0 g, 1.94
mmol) in THF (50 mL) was added methanesulfonic acid (5.2 mL). After 18 hours the solvent
was removed by rotary evaporation and the product was precipitated by the addition of water
(100 mL). The solid was collected by vacuum filtration and washed with water (2 X 50 mL)

then dried in wacuo (500 mTorr, 36°C)for-t6-hours:- The solid was-suspended in ether (45---- —————- -

mL) and methanol (5 mL) and sonicated for 10 mimrtes. The solid was collected by vacuum

a— —
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filtration, washed with ether (2 X 30 mL), and dried.in vacuo (500 mTorr, 30°C) for 18 bours.
This gave the title compound as a yellow solid (0.54 g, 81%). 'H NMR (300 MHz, DMSO-
do): 5 5.27 (s, 2H); 6.44 (s, 1H); 7.45 (dd, 1H, J,=8.7 Hz, J_=1.8 Hz); 8.03 (d, 1H, J=1.8 Hz);
8.15 (d, 1H, J;=8.7 Hz); 8.53 (s, TH, J,=1.8 Hz); 12.99 (s, 1H); 12.82 (s, 1H).

Calc’d. for C,;H,CIN,0,:0.40H,0: C, 51.20; H, 2.81; N, 15.92; Found: C, 51.48-
51.33; H, 2.79-2.7T; N, 15.60-15.57.

(10 mL) and to this was added 2-chloromethy] acetimidate hydrochloride (1.0 g, 6.36 mmol).
The solution was stirred and heated to reflux for 2 hours. The mixtare was dissolved in ety
acetate (100 mL) and extracted with aqueous sodium bicarbonete (saturated, I x 20 mL),
water (1 x 20 mL) and aqueous sodium chioride (saturated, ! x 20 mL). The organic layer
was dried over Na,SO, and solvent removed under reduced pressure to give the title
compound as a white solid. (0.83 g, 94%). 'H NMR (300 MHz, DMSO-d,): 5 3.86 (s, 3H);
5.12 (s, 2H); 7.16 (d, 2H, J = 8.4 Hz); 7.92 (d, 2H, J = 8.4 Hz).

[y = 4‘ HMhoXY-phenyl - Db re ) ek "1"\1'-“1'_!'_"_:.‘:.' T

2-Chloromethyl-5-(4-methoxy-phenyl)-{1,3,4]oxadisrnle (2, 0.83 g, 3.70 mmol) was
dissolved in N,N-dimethylformamide (5 ml.) and to this was added tert-butyl carbazate (1.22
B, 9.26 mmol) and N N-diisopropylethylamme (0.71 g, 0.96 mL, 5.55 mmol). The solutian
was stirred and heated to 90 °C for 5 hours. The mixture was dissolved in ethyl acetate (150
mL) and extracted with water (3 x 15 mL), and brine (1 x 20 mL). The material was dried
over Na,SO, and the organic solvent removed under reduced pressure. The residual oil was
triturated with heoanes/ethyl acetate (7:3, 10 mL) giving rise to a white precipitate. The
precipitate was filtered and washed with small portions of hexanes/ethyl acetate (3 x § mL)
giving the title compound as a white solid (0.75 g, 64%). '"H NMR (300 MHz, DMSO-d,): &
1.34 (s, SH); 3.85 (s, 3H); 4.08 (d, 21, J = 4.2 Hz); 527 (m, 1H); 7.15 (d, 2H, J = 8.4 Hz);
793 (d,2H, ] =84 H2);8.39 (brs; tH); ~---~-- - -~
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To & stirred slurry of 7-chloro-4-ox0-2-{pyrrolidinylcarbonyl}hydroquinoline-3-
carboxylic acid (4, 0.54 g, 1.66 mmol) in tetrahydrofuran (10 mL) was added I-cyclohexy]-3-
(2-morpholinocthyl)carbodiimide metho-p-toluenesulfonate (0.87 g, 2.07 mmol) and the
reaction was stirred for five minutes. To this mixtare was added, via dropwise addition, a
solution of N'-[5-(4-methoxy-phenyl)-{1,3,4]Joxadiazol-2-yimethyl}-hydrazinecarboxylic acid
tert-butyl ester (3, 0.56 g, 1.75 mmol) and 4-dimethlyaminopyridine (0.01 g, 0.08 mmol) in
tetrahydrofuran (2 mL), and the mixture was then refluxed for 6 hours. The solution was
filtered and the insolubles washed with tetrahydrofiran. The tetrahydrofuran wes removed
under reduced pressure to give a sticky yellow oil. The material was nsed without further
purification in the following reaction (~ 1 gram materia] isolated).

L NOTO-4-RVArOXY=2= -meioXyY-nienyi)

- ]
e lindt s g peltlikals

quinoline-3-carbonyl}-M-[5-(4-methoxy-phemyl)-{1,3,4]oxadiazol-2-ylmethyl}-
hydrazinecarboxylic acid tert-butyl ester (5, 0.30 g, 0.48 mmol) in tetrabydrofuran (15 mL)
was added methanesulfonic acid (1.0 mL) and the reaction was stirred at room temperature for

2 hours. The tetrehydrofuran was removed under redoced pressure to yield an orange oil. To .

this was added diethyl ether (50 mL) and the reaction stirred for 10 minutes. The diethyl ether
was carefully decanted to leave a thick oraage oil. To this was added water (20 mL) and a
fluffy yellow precipitate formed. The mixture was stirred for 10 minmtes and then filtered.
The solids were washed with water (10 mL) followed by dicthy] ether (20 mL). The solids
were collectsd and sonicated in methyl aleohol/dietity] ether (1:9, 5 mL) for 10 minutes. The
solids were collected and dried under reduced pressure to give the title compound as a cream-
colored solid (0.53 g, 25%). 'H NMR (300 MHz, DMSO-d,): 5 3.83 (s, 3H); 5.42 (s, 2H);
7.13 (4, 2H, J = 8.7 Hz); 7.45 (d, 1H, J = 8.7 Hz); 7.89 (d, 2H, J = 8.7 Hz); 8.04 (s, 1H); 8.15
(d, 1H, J=8.7 H2); 12.03'(br 5, 1H); 12.89 (br s, 1H). MS (+CI) m/z 452/454.

To a stirred solution of N*-{7-chlaro-4-oxo-2-{pyrrolidine-1-carbonyl)-1,4-dihydro- -

I

. amel remLboLAE R R - - -—---wv:-‘m"*“wmuug-ﬁh.ﬁﬁh“i‘ %ﬂ
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Benzo[blthiophene-2-carbaldchyde (2),

To a solution of benzo[b]thiophene (10 g, 74.5 mmole ) in dry tetrahydrofuran (12
mL) at -78 °C was added 65 ml, of 1.6M n-butyl lithium in hexanes. Ten mimutes later N.N-
dimethyiforamide (23 mL, 298 mmole) was added. The reaction was warmed o room
temperature and then refluxed for 3 hours. The tetrabhydrofuran was evaporated and the
residue was poured into N HCl and ice. The acidic solution was extracted with ether (2x).
The combined ether solution was washed with 1 N HC] (3x), saturated NaHCO, (1x), brine
(1x), and then dried with MgSO,. The MgSO, was filtered off and the filtrate concentrated to
an oil which was treated with NaHSO,. The solid that formed was collected, treated with
aqueous NaHCO,, then extracted with methylene chloride. The methylene chioride solution
‘was dried over MgSO, and evaporated to give the title compound (2) as » yellow oil (3.2 g,
26% yield). "H NMR (300 MHz, CDCl,): d 7.44 (dd, 1H, J=6.9, 72 Hz); 7.51 (dd, 1H, J =
6.9,8.1 H2); 791 (d,1H,J=8.1 Hz); 7.95(d,IH,J=18H:),804(s, ll-I). 10.12 (s, 1H).

lert-Butoxy)=N

Tonshnedsolmdbem[b]lhmpbmo-}mhnlddlydeﬂﬁzg.w?mmoh)md
t-butylcarbazate (2.6 g, 19.7 mmole) in ethanol (20 mL) was added 3 drops of concentrated
HCl. After 30 minutes the mixture was filteved, the solid washed with ether, and dried under
vacuum to give the title compound (3, 3.8 g, 70% yield). 'H NMR (300 MHz, CDCL): d 1.54
(s, H); 7.30 - 736 (m, 2H); 7.40 (s, 1H); 7.71 - 7.74 (m, 1H); 7.78-7.81 (m, 1H); 7.89 (s,
1H); 8.31 (br:.ll-l).

To a slurry of (tert-butoxy)-N-((1E)-1 -m-z-bmm[b]thophm-z-ylwnyl)mbomde
(3, 1.8 g., 6.5 mmole) in tetrahydrafuran (6 ml.) was added sodium cyenoborohydride (0.75 g,
11.9 mmole). A solution of p-toluene sulfonic acid (1.86g, 9.8 mmole) in tetralrydrofuran (6
mL) was added dropwise. After stirring overnight, the reaction was diloted with cthyl scetate
and washed with saturated NaHCO, (1x) and saturated NaCl (1x). The ethyl acetate solution
was dried over K,CO,. The K,CO, was filtered off and the filtrate was concentrated under
reduced pressure. The resulting solid was treated with saturated NaHCO, overnight and
extracted with methylene chloride. The methylene chloride solution was dried over Na,SO,.
The Na,SO, was filtered off and the filtrate concentrated to give the title compound (4) asa

white solid (1.7, 76% yield).-'H-NMR (300 MHz, CDCL): d 1.44 (s, 9H); 4.68 (s, 250); 7:36 -~ - - -~

~7.45 (m, 2H); 7.45 (s, IH); 7.78 - 7.86 (m, 2H).

-52—
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To a stirred mixture of 7-chloro-4-oxo-2-(pyrrolidinylearbonyl)hydroquinoline-3-
carbaxylic acid (5, 1.59 g, 5.0 mmole) and dry tetrahydrofuran (60 ml.) tnder nitrogen was
added 1-cyclohexy1-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (3.19 g,
7.0 mmole). This was followed by a solution of (tert-butoxy)-N-[(benzo[bjthiophen-2-
ylmethyl)aminojcarboxamide (4, 1.37 g, 5.0 mmole) and dimethylaminopyridine (27.8 mg,
0.21 mmale) in tetrahydrofuran (15 mL). The reaction was heated at reflux ovemight and the
mixture was filtered, The concentrated filtrate was purified by chromatography
(MeOH/CH,Cl,, 5/95, viv) to give the title compound (6) as a yellow solid (771 mg, 24%

To a stirred mixture of N*-benzo{bjthiophen-2-ylmethyl-N'-{7-chlor-4-oxo-2-
(pymolidine-1-carbonyl)-1,4-dihydroquinoline-3-carbonyl]hydrazinecarboxylic acid tert-butyl
ester (6, 760 mg, 1.3 mmole) and dry tetrahydrofuran (16 mL) at 0 °C onder nitrogen was
added methanesnlfonic acid (3.0 mL, 4.44 g, 462 mmole). After stirring overnight, the
tetrahydroforan was evaporated and the residue cooled in an ice bath. Water was added and
the resulting precipitate was collected, sonicated with methanol, and dried under vacuum to
give the title compound (7) as an off-white solid (470 mg, 88% yield), m.p. > 300°C, 'H
NMR (300 MHz, DMSO-d,): d 5.38 (s, 2H); 7.30-738 (m, 2H,); 740 (s, 1H); 7.44 (4, 1H,J
= 8.7 Hx); 7.90 (d, 1H, T = 7.2 Hz); 7.82 (d, 1H, 7.2 Hz); 8.06 (s, 1H); 8.15 (d, 1H, J=8.7

Hz).
Cale’d. for C,H,,CIN,0,8: C, 58.61; H, 2.95; N, 10.25. Found: C, 58.42; H, 3.19;
N, 10.20.

Tonsm:dsolmaﬂ-mﬁhyllhwphuw-z-uhldd:yde(l.sm g, 39.86 mmole)
and shsolute cthanol-(75-mL) under-nitrogen was-added 3.drops of concentrated HCl,- - - - ooee - - e
followed by the addition of t-butylcarbezate (4.75 g, 35.94 mmole). After 30 mimutes the

-53 -
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reaction mixture was filtered and washed with ethanol (10 mL). The product was dried at 30
“C under vacuum to give the title compound (2) as an off-white powder (6.92 g, 80% yield).
'H NMR (300 MHz, DMSO-d,): 8 1.45 (s, 9H); 2.24 (s, 3H); 6.91 (d, 1H, J = 5.1 Hz); 7.46 (d,
1H, J =5.1 Hz); 8.25 (s, 1H); 10.70 (s, ll-l).

To a stirred solution of (ter-butoxy)-N-[(1E)-1-aza-2-(3-methyl(2-
thienyl)vinyljcarboxamide (2, 2.60 g, 10.82 mmole) and dry tetrahydrofuran (40 mL) under
nitrogen was added p-toluene sulfonic acid monohydrate (2.09 g, 10.99 mmole) followed by
sodium cyanoborohydride (1.78 g, 28.33 mmole). The reaction mixture was stirred at room
temperuture for 4 hours and then diluted with 2N NeOH (40 mL). The resulting solution was
extracted with ethyl acetate (3 x 40 mL) and the combined organic extracts were washed with
brine (50 mL), then dried over Na,SO,. The Na SO, was filtered off and the filtrate was
concenirated ynder reduced pressure to give an off-white solid (2.79 g). This product was
purified by flash chromatography an silica gel eluting with hexana:ethyl acetate (3:1) to give
the title compound (3) as a colorless oil (2.44 g, 92% yield). "H NMR (300 MHz, DMSO-d):
5139(s,5H); 2.14 (s, 3H); 3.95(d, 2H, I~4.5Hz); 4.65(d, 1H,J =39 Hz); 6.82(d, 1H,] =
5.1 Hz); 7.29 (d, 1H, J = 5.1 Hz); 8.26 (s, 1H).

Toa:hnedmnf?—nhlmz-(pyuohdnwhmnhyﬁoqmmhm-}
carboxylic acid (4, 3.56 g, 11.10 mmole) sud dry tetrahrydrofursn (80 mL) under nitrogen was
added 1-cyclohexyl-3-(2-morpholincethyl)carbodiimide metho-p-tolnenesulfonate (7.11 g,
16.78 mmole). After stirring the resction mixture for an additional 20 minutes, a solution of -
(ters-butoxy)-N-{[(3-methyl(2-thienyD))methyljamino} carboxamide (3, 2.44 g, 10.07 mmole)
and tetrahydrofuran (15 mL) was rapidly added. The mixture was heated to 70 °C and stirred
ovanight. The reaction was cooled toroom temperature, filtered, and the filter cake was
washed with tetrahydrofuren (30 mL). The filtrate and washings were combined and
concentrated under reduced pressure to give a yellow solid (6.72 g). The product was parified
by flash chromatography on silica gel eluting with methylene chloride-methanol (95:5) to give -
the desired compound (ferf-butoxy)-N-{[7-chloro-4-hydroxy-2-(pyrrolidinylcarbonyl)(3-
quinolyl)]-N-{(3-methyl¢2-thienyl)}methyljcarbonylamino} carboxamido (5, 3.22 g, 5% --=---m -=n -+ - -
yield) as a yallow powder.
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To a stirred mixture of {terr-butoxy)-N-{[7-chloro-4-hydroxy-2-
(pyrrolidinylcarbonyl}(3-quinolyt)]-N-[(3-methyl(2-
thienyl)}methyljcarbonylamino } carboxamide (5, 3.68 g, 6.77 mmole) and dry Imrlhydmﬁnn
(150 mL) under nitrogen was added methanesulfonic acid (10 mL, 14.8 g, 77.8 mmole) all at
was diluted with water (80 mL) and then filtered to separate the solids. The collected solids
were successively washed with water (30 mL), methanol (20 mL), and ether (150 mL) and
then dried at 50 °C under vacuum to give 7-chloro-10-hydroxy-2-{(3-methyl(2-
thienyl))methyl}-2,3-dihydropyridazino[4,5-b]quinoline-1,4-dione (6, 1.98 g, 78% yield) as an
off-white powder, m.p. > 250 °C. 'H NMR (300 MHz, DMSO-d,): 5 232 (s, 3H), 5.17 (s,
2H); 6.84 (d, 1H, J=5.1 Hz); 7.32 (d, 1H, J=5.1 Hz); 743 (d, 1H, J=8.7 Hz); .02 (s, 1H);
8.14(d, 1H, J= 8.7 Hz); 11.92 (br 5, 1H); 12.62 (br 8, 1H).

Cale'd for C,;H,,CIN,0,S¢0.05CH,SO,He0.05H,0: C, 54.62; H,3.24; N, 11.24.
Found: C, 53.96;H,327;N, 11.07.

Toalohuwnafmethylhnetylhenmmﬁzo;.”lmmol)ndm-bmyhubam
(3.85g.292mnl)mﬂ£F(70mL)maddedwmmﬂtedHCl(3¢mp¢).Upmuﬂmng2
hours a solid formed. At thet time the mixture was evaporated to dryness by rotary
evaporation. The resulting solid was tritorated with hexanes (3 X 50 mL) and dried in wacxo
(500 mTorr, 30°C) for 30 mimutes to give the title compound 1 as en off-white solid (8.36 g,
98%). 'H NMR (300 MHz, DMSO-d,): 3 1.49 (s, 5H); 2.22 (3, 3H); 3.34(s, 1H); 3.86 (s, 3H);
7.87 (d, 2H, J=8.4 Hz); 7.97 (d, 2H, J=84Hz),997(s.ll-l)

To a suspension of L[I(!en-btmycnbonyl hydmno)-ethyl]bmc acid methyl
ester (8.35 g, 28.6 mmol) in ethanol (200 mL) was added 10 % palladium on carbon (ca. 0.5

g) and the mixture-was shaken-underhydrogemrat50-psig-ona Parr shaker for 3.5 hows—All- -— --

the organic material dissolved during this time. The catalyst was removed by vacuum

—55-
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filtration through celite. The filtrate was evaporated by rotary evaporation.. The residual solid
was subjected to chromatography (silica gel, gradient of ethyl acotate/methylene chloride
beginning from 10/90 and ending at 2(/80, respectively) to give the title compound 2 as &
white solid (6.41 g, 76%). 'H NMR (300 MHz, DMSO0-dy): 3 1.18 (d, 3H, J=6.6 Hz); 1.35 (s,
SH); 3.84 (s, 3H); 4.16 (m, 1H); 4.71 (m, 1H); 7.48 (d, 2H, J,=8.3 Hz); 7.89 (d, 2H, J,=8.3
Hz); 8.15 (s, 1H).

carboxylic acid (2.15 g, 6.7 mmol) in THF (50 mL) was added 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonste (5.72 g, 13.5 mmol) and the reaction
was stirred for five mimntes, To this mixture was added a solution of 4-[1-(test-
butoxycarbonyl-hydrazino)-cthyl}-benzoic acid methyl ester (1.97 g, 6.7 mmol) and 4-
dimethylaminopyridine (0.10 g, 0.84 mmol) in THF (10 mL), and the mixture was heated to
reflux for 3 hours. The reaction mixture was allowed to cool, then the solids were filtered off
and washed with methylene chloride (2 X 50 mL). The combined filtrates were evaporated to
dryness by rotery eveporation. The residual solid was subjected to chromatography (silica gel,
5/95 methanol/methylene chloride) to give the title compound (3) as an off-white solid (3.53
B 71%). MS (CI) m/z 597/599.

To a solution of 4-(1-{N’-fert-butoxycarbonyl-N-[7-chloro-4-hydroxy-2-(pymolidine-
1-carbonyl)-quinoline-3-carboxyl]-hydrazino}-ethyl)-benzoic acid metiryl ester (3.45 g, 5.78
mmol) in THF (50 mL) was added methsnesulfonic acid (5 mL). After 18 hours the solvent
was removed by rotary evaporation and the product was precipitated by addition of water (100
mL). The solid was collected by vacuum filiration and washed with water (2 X 50 mL) then
ether (50 mL), and dried in vacuo (500 mTorz, 30 °C) for 1.5 hours. The solid was suspended
in ether (175 mL) and methanol (25 mL) and sonicated for 20 minutes. The solid was
collected by vacuum filtration end dried fr vacuo (500 mTorr, 30°C) for 18 hours. The
resulting yellow solid (2.05 g, 83%) was found to be of insufficient purity by HNMR. A

portion of thismaterial(}.73-g)-was suspended inacetonitrile-(10 mLyand-water (10-mE)y to-- - —-=== -

which was added 20% choline hydroxide in water dropwise until all the solids dissolved, then

-56-
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purified by preparative HPLC (41.4 mm X 25 cm C-18 Dynamax 60A column using a
gradient 10-35% of acetonitrile in water with 0.1% TFA over 50 minutes with a flow rate of
20 ml/min, monitoring 210 nM). Product was precipitated from the fractions containing pure
material by addition of 6M HCI to pH 3. The solid was collected by vacuum filtration, washed
with water 2 X 50 ml) then ether 2 X 50 ml) and dried in vacue (500 mToz, 30 °C) for 18
hours to give the title compound as a yellow solid (1.23 g, 59%). 'H NMR (300 MHz,
DMSO0-dy): 8 1.69 (d, 3H, /=6.9 Hz); 3.84 (s, 3H); 6.26 (g, 1H, /=7.2 Hz); 7.38-7.50 (m,
3H,); 7.92 (4, 2H, J=8.4 Hz); 8.03 (d, 1H, J_=1.8 Hz); 8.15 (d, 1H, J,=8.7 Hz); 11.94 (s, 1H);
12.57 (s, 1H). MS (CI) m/z 426/428.

Cale'd. for C,;H,,CIN,0,:0.20H,0: C 58.74 H3.85N 9.79. Found C 58.71-58.85 H
3.89-3.90 N 9.93-9.95.

Toumud:olmdm—butylwhmﬂ lag.lﬁmol)mtetl:lhydmﬁm(do
mL) was added 3-acetylpyrdine (2.00 g, 16.5 mmol), followed by 3 drops of hydrachlaric acid
(conc.). After 1 h, the reaction turned cloudy, and the solvent was removed in vacuo. The
resultant solid was tritmated with hexanes and filtered to give the title compound as a white
solid (3.58 g, 93%). 'H NMR (300 MHz, DMSO-d,): 5 1.48 (s, 9H); 7.43 (dd, 1H,J=4.2, 8.0
Hz); 8.10 (dt, 1H, T = 1.5, aonz),s.SS(d, 1}1.1-4.2}1:);&90(:,11-{), 10.00 (s, 1ED).

N-((lZ)-l-An-Z{S-pyndyl)prup-l-ulyl)(mt-b\m)cubm&(l 0 g 4.2 mmol)

. was dissolved in methyl alcohol (80 mL) and placed in » Parr shaker bottle. To this was

added 10% paliadium-on-carbon (250 mg) and the reaction was hydrogenated at 40 pai for 24
h. The mixture was filtered through celite, which was washed with methyl alcobol (3 x 100
mL). Tho combined filtrato and washes were concentrated iz vacuo. The resultant oil (ca. 1.0
g)'was used in the following reaction without further purificstion. 'H NMR (300 MHz,
DMSO-dg): § 1.19 (d, 3H, J = 9 Hz); 1.33 (3, 9H); 4.14 (m, 1H); 4.81 (m, 1H); 731 (m, 1H);
731 (m, 1H); 843 (dd, 1H, J=1.5, 24Hz) 849(d, 1H,)=1.5 Hz).
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To a stirred slurry of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (1.2 g, 3.82 mmol) in tetrahydrofuran (40 mL) was added 1-cyclohexy!-3-(2-
morpholinocthry)carbodiimide metho-p-tolucnesulfonate (2.42 g, 5.73 mmol) and the reaction
was stirred for five minutes. To this mixture was added, via dropwise addition, & solution of
(+/-)-(text-butoxy)-N-[(3-pyridylethyl)aminolcarboxamide (1.0 g, 4.21 mmol) and 4~
dimethlyaminopyridine (0.080 g, 0.65 mmol) in tetrehydrofiran (20 mL). The mixture was
stirred overnight at room temperature and then refluxed for three hours. The reaction mixture
was filtered and the collected solids washed with methylene chloride (2 x 150 mL). The
combined filtrate and washes were concentrated in vacuo to dryness. The resultsnt yellow
foam was subjected to chromatography (silica gel, 9575 chloroform/metiyy] sicohol) to give

To a stirred solution, of (+/-)"N-{(fers-butoxy)carbonylamino][7-chloro-4-cxo-2-
(pyrrolidinylcarbonyl)(3-hydroguinolyl}-N-(3-pyridylethyl)carboxamide (0.860 g, 1.50 mmol)
in tetrahydrofuren (30 mL) was added methanesulfonic acid (4 mL) and the reaction was
stirred overnight. The volatiles were removed in vacuo and the resultant oil was poured on to
crushed jce. To this mixture was carefully added 10N sodium hydroxide wntil & solid
precipitate formed. The solution wes filtered 1o give an orange solid. This material was
washed with diethy] ether, and then sonicated in 20 mL of 1/1 diethyl ethep/methy] alcohol for
fifieon minntes. The insoluble meterials were collected and washed with the same solvent
system 1o give the title compound (5) (0.402 g, 54%) as en off-white powder (m.p. >280 °C).
'HNMR (300 MHz, DMSO-d,): § 1.75 (d, 3H, J = 6.9 Hz); 2.34 (s, 3H, CH,SO,H); 6.33 (¢,
1H, ) =6.9 Hz); 745 (dd, 1H,J = 1.5, 8.7 Hz); 7.96 (m, 1H); 8.03 (s, 1H); 8.15(d, 1H, J = 8.7
Hz); 8.42 (d, 1H, J=7.8 Hz); 8.82 (d, 1H, J = 4.8 Hz); 8.91 (s, 1H), 12.04 (s, 1H); 1272
(s1H).

Cale'd. for C,H,;CIN,0,+CH,S0,He1 SH,0: C, 46.39; H, 4.09; N, 11.38. Found:
C,;46.35; H,3.94; N, 11.21.
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To a stirred solution of tert-butylcarbazate (2.18 g, 16.5 mmol) in tetrahydrofuran (40
mL) was added 2-acetylpyrdine (2.00 g, 16.5 mmol), followed by 3 drops of hydrochloric acid
(conc.). After | h, the reaction turned cloudy, and the solvent was removed i vacso. The
resultant solid was triturated with hexanes and filtered to give the title compound as & white
solid (3.12 g, 80%). 'H NMR (300 MHz, DMSO-d,): 8 1.49 (s, 9H); 7.38 (dd, 1H, 1= 4.8, 6.7
Hz); 7.94 (m, 1H); 7.99(d, 1H,J = 751-!:),858(d,ll-!.1-4.2Hz) 10.04 (s, 1H).

N-{(12Z)-1- An-2~(2-pyndyl)pmp-l-enyl)(ta't-bumxy)ﬂlbomnde (2.0 g, 8.5 mmol)
was dissolved in methy] alcohol (80 mL) and placed in a Parr shaker bottle. To this was
added 10% palladium-on-carbon (850 mg) and the reaction was hydrogenated at 40 psi for 24
h. The mixture was filtered through celite, which was washed with methyl alcohol (3 x 100
mL). The combined filtrate and washes were concentrated in varuo. The resultant oil (2, ca
1.8 g) was used in the following reaction without further purification. 'H NMR (300 MHz,
DMSO-dy): 8 1.19 (d, 3H, J = 6.6 Hz); 1.33 (s, 9H); 4.1] (m, 1H); 4.79 (m, 1H); 7.22 (m, 1H);
749 (4, 1H,J = 78Hz);8.2.2(m.ll-l.1=15 24 Hz); 8.49(d, IH,J= 4.2!-1':).

To a stirred slurry of 1-chlom-4-m:o-2-(pymhdmyleubonyl)hyqummhnc—3—
carboxylic acid (2.43 g, 7.57 mmol) in tetrahydrofuran (100 mL) was added 1-cyclohexy1-3-
(Z-morpholinoethyDecarbodiimide metho-p-toluenesulfonate (3.69 g, 8.72 mmol) and the
reaction was stirred for five minutes. To this mixture was added dropwise a solution of (+/-)-
{text-butaxy)-N-{(2-pyridylethyl)amino]carboxamide (1.8 g, 7.59 mmol) and 4-
dimethlyammopyridine (0.160 g, 1.30 mmol) in tetrahydrofuran (20 mL). The mixtare was
stirred at room temperature for 45 minutes and then refiuxed ovemnight. The cooled solution
was filtered and the collected insolubles washed with methylene chloride (2 x 150 mL). The
combined filtrate and washes were concentrated i vacuo to dryness. The resultant yellow
foam was subjected to chromatography (silica gel, 95/5 chloroform/methyl alcohol) to give
|hehﬂeeompound(3)asnyellowfmm(33g.81%).

To a stirved solution-of- HI-}N{(W#WW]HM—-—- e

(pyrrolidinylcarbonyl)(3-hydroquinolyl}-N-(2-pyridylethyl)carboxamide (3.0 g, 5.56 mmol) in

-59-

g
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tetrahydrofuran (100 mL) was added methanesulfonic acid (15 mL) and the reaction was
stirred overnight. The volatiles were removed i wacno and the resultant oil was poured on to
crushed ice. A fine precipitate formed which was filtered to give an orange solid. This
material was washed with diethyl ether, and then sonicated in 20 mL of 1/1 diethyl
5  cther/methyl alcohol for fifteen minutes and filtered. The collected solids were sonicated
again in 85 mL of the same solvent system for an additional fifteen minutes. The insoluble
materials were collected, washed with the same solvent system and dried at 55 °C for 12 h to
give the title compound (4, 1.29 g, 48%) as an off-white powder (m.p. >290 °C). 'H NMR
(300 MHz, DMSO-dy): 8 1.77 (d, 3H, J = 6.9 Hz); 2.34 (s, 3H, CH,SO,H); 6.38 (g, 1H, ] =69
. 10 Hz),744(dd, 1H,J = 1,5, 8.7 Hz); 7.82 (m, 2H); 7.90 (d, 1H, I = 8.1 Hz); 8.04 (d, 1H, ] =4.7
Hz); 8.38 (app t, 1H, ] = 7.5 Hz); 8.82 (d, 1H, J = 5.1 H2); 11.98 (s, 1H); 12.80 (s, 1H).
M Cale’d. for C,;H,,CIN,0,»CH,SO,HeH,0O: C, 47.25; H, 3.96; N, 11.60. Found: C,
b 47.26;, H, 3.67; N, 11.50.

lf,g To a stirred solution oftm-hnylmbnnle(z.llg. 16.5 mmnmmhydmﬁmm
td mL) was added 4-acetylpyrdine (2.00 g, 16.5 mmol), followed by 3 drops of lrydrochlaric acid
3 20 (conc.). After 1 b, the reaction turned cloudy, and the solvent was removed in varuo. The -
mﬂmalidwuﬁnmdvﬁthmmdﬂmdhgiwtheﬁﬂempwndluuwﬁh
solid (3.88 g, 100%). 'H NMR (300 MEz, DMSO-d,): 8 1.47 (s, 9H); 7.55 (dd, 2H,J= 1.5, .
4.5Hz).797(g1}l).7.99(d,21-l,1-451-lz).11.22(:.1!-!). »

25 N-((IZ)-! MHWIMI-WIXMM(ZOQ&SI mmol)
.. was dissolved in ethyl alcohol (90 ml.) and placed in a Parr shaker bottle. To this was added
10% palladium-on-carbon (S00 mg) and the reaction was hydrogenated at 40 psi for 24 b
The mixture was filtered through celite, which was washed with methyl alcahol (3 x 100 mL).
The combined filtrate and washes were concentrated i vacuo. The resultant material was . -
30 triturated with 90/10 hexanes/methylene chloride to give the title compound (2) as a white
solid (1.34 g, 66%):- 'H NMR: {300 MHz, DMS0-dp):-5 1:19-(d; 3H,J = 6:6 Hz); 1:34-(s; 91~ - —~~—-—- -+ -
4.09 (m, 1H); 4.86 (m, 1H); 7.35 (d, 2H, J = 5.7 Hz); 8.21 (s, 1H); 8.47 (d, 2H, ] = 5.7 Hz).
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To a stirred shurry of 7-chlom-4-om-2-(pynohdmylcnrbonyl)hytlroqumolmn—3-
carboxylic acid (1.66 g, 5.17 mmol) in tetrahydrofaran (40 ml) was added 1-cyclohexy1-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (2.82 g, 6.72 mmol) and the
reaction was stirred for five minutes. To this mixture was added dropwisc a solution of (+/-)-
(tert-butoxy)-N-[(4-pyridylethyl)amino)carboxamide (1.3 g, 5.69 mmol) and 4-
dimethlyaminopyridine (0.080 g, 0.65 mmol) in tetrahydrofuran (20 mL). After stirring the
reaction mixture at room temperature for 2 hours, an additional portion of 1-cyclohexy1-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.500 g) was added and the mixture
was refluxed ovemight. The solution was cooled to 50 °C, enother portion of difmide added
(0.500 g) and the mixture was refluxed for 3h. The cooled reaction mixture was filiered and
the collected insolubles washed with methylene chlaride (2 x 150 mL). The combined filtrate
and washes were cancentrated in vacuo to dryness. The resultant yellow foam was subjected
to chramatography (silica gel, 92/8 chloroform/methyl alcahol) to give the title compound (3)
as & yellow foam (2.04 g, 73%).

L)
el SER VR lJLJh'__"_'_' .

To a stirred solution of (H-)-N-{(taf—buwxy)wbonﬁammo]ﬂ-dloromz-
(pyrrolidinylcarbonyl)(3-rydroquinolyl]-N-(4-pyridylethyl)carboxamide (2.04 g, 3.8 mmol) in
tetrahydrofuran (100 mL) was added methanesulfonic acid (13.5 mL) and the reaction was
stitred overnight  The volatiles were removed i vacuo snd the resultant oil was poured on o
crushed ice. A fine precipitate formed which was filtered o give an omnge solid. This
materiel was washed with dietiyyl ether, and then sonicated in 40 mL of 1/1 diethryl
ether/methyl alcohol for fifteen minutes. The material was washed with dicthy! ether to give
the title compound (4, 0.715 g, 40%) as an off-white powder (m.p. 245-248 °C). 'HNMR
(300 MHz, DMSO-d,): 5 1.74 (4, 3H, ] = 6.9 Hz); 2.31 (s, 3H, CH,SO,H); 6.24 (q, 14, J = 6.9
Hz); 745 (dd, 1H, ] = 1.8, 8.7 Hz); 7.86 (m, 2H); 8.05 (d, 1H, J = 1.8 Hz); 8.14(d, 1H, J=8.7
Hz); 8.82 (m, 2H); 12.03 (s, 1H); 12.71 (s, 1H).

Calc'd. forC,,H,,CN,O,-CH,SO.H-D.SH,O C,47.61; H,3.91; N, 11.68. Found:
C,47.84; H,3.79;N,; 11,54, ~------ — . '
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To a stirred solution of N-l-m—Z{prndyl)vmyl)(M-bumxy)clrbmde (20g,
9.40 mmol) in tetrahydrofuran at 0 “C was slowly added ethylmagnesium bromide (18.0 mL,
18.8 mmol, 2M solution in tetrahydrofuran). This solution was stirred 4h during which time it
was warmed to room temperature. The volatiles were removed, and the reaction was carefully
quenched with saturated ammonium chloride solution (30 mL). The aqueous layer was
extracted with ethyl acetate (300 mL) and then the organic layers washed with brine. The
otganic layer was then dried over MgSO, and the solution concentrated in vacuo. The
material was chromatographed (SiO,, ethyl acetate as cluent) to give the title compound as a
yellow oil (0.400 g, 189%6). 'H NMR (300 MHzx, DMSO0-d)): § 0.73 (1, 3H, J = 7.5 Hz); 1.44

" (m, 2H); 3.92 (br s, 1H); 4.78 (m, 11‘0:7-31 (m, ZH); 848 (m, 2H).

30

To a stirred shary of 7-chlao-4-m:o-2-(pynohdmylurbonyl)hyquumolma—3—
carboxylic acid (1.22 g, 3.82 mmol) in tetrahydrofiran (80 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (1.77 g, 4.20 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, &

solution of (+/-){tert-butoxy)-N-{(4-pyridylpropylJamino]carboxamide (0.96 g, 3.82 mmol)
and 4-dimethlyaminopyridine (0.080 g, 0.65 mmol) in tetralydrofuran (20 mL), end the
mixture was stirred st room tempesature for 1 hour. An additional partion of 1-cyclohexyl-3-
(2-morpholinoethy)carbodiimide metho-p-toluenesulfonate (0.300 g) was added and the
mixtare was refluxed ovemight. The solution was filtered and the insolubles washed with
methylene chloride (2 x 150 mL). The mother liquor was collected and concentrated to
dryncss. The resultant yellow foam was subjected to chromatography (SiOy, 95/5
ehlmformfmeﬁylaleohol)iogweﬂnuﬂemmpmdunydlowﬂ:m(l72:.81%).

To & stitred solution of(H-)-N-[(m-um)cnbmylm]p-cumz-

(pyrrolidinylcarbonyl)3-hydroquinolyl]-N-(4-pyridyipropyDearboxamide (1:72 g,-1:5 mmol) - -—----
in tetrshydrofuran (60 mL) was added methanesulfonic acid (9 mL) and the reaction was
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stisred overnight. The volatiles were removed in vacuo and the resultant oil was poured on to
crushed ice. To this mixture was carefully added 10N sodium hydroxide until a solid
precipitate formed. The solution was filtered to give an orange solid. This matevial was
washed with diethyl ether, and then sonicated in 40 mL of 3/1 diethyl ether/methyl alcohol for
fifteen minutes, The material was washed with diethyl ether to give the title compound (0.557
& 28%) as an off-white powder (mLp. >265 °C). 'H NMR (300 MHz, DMSO-d,): 5 0.88 (t,
3H, J = 7.2 Hz); 2.16 (m, 2H); 2.31 (s, 3H, CH,SO,H); 5.98 (dd, 1H, ] = 5.7, 9.46 Hz); 7.44
(m, 3H); 8.05 (d, 1H, J = 1.5 Hz); 8.15 (d, 1H, J = 8.7 Hz); 8.58 (m, 2H); 12.04 (s, 1H); 12.69
(s, 1H).

Cale’d. for C,H,,CIN,0502CH,SO,Nas H,0: C, 39.59; H, 3.63; N, 8.79. Found: C,
39.73; H, 3.33; N, $.94.

- . -
hit Al g SR Sl N =

To a solution of benzofuran-2-yl methyl ketone (5.0 g, 31 mmeol) in THF (200 ml)
was added ferr-butyl carbazate {4.1 g, 31 mmol), followed by conc. HC1 (10 drops). This
reaction was stirred overnight at room tempersture, at which time the THF was removed in
vacuo and the resnltant solid was triturated with hexanes and filtered to afford N'<(1-
benzofuran-2-yl-ethylidene)-rydrazinecarboxylic acid fert-butyl ester as a white solid (8.2 g,
30 mmol, 96 %). 'H NMR (300 MHz, DMSO-d.): d 10.03 (s, IH); 7.65 (d, J=78 Hz, 1H);
7.60 (d, J=8.1 Hz, 1H); 7.35 (dd, J = 7.2, 72 Hz, 1H); 7.26 (s, 1H); 7.26 (m, 1H); 2.17 (s,
3H); 1.50 (s, 9H). '

-
A =B eNrFoIurRn-2-vY -84V -IVaraT

Benzoiuran- i

To a solution of N"-(1-benzofuran-2-yi-ethylidene)-hydrazinecarboxylic acid fers-butyl
ester (3.0 g, 11 mmal) in MeOH (55 mL) was added sodiom cyancborohydride (3.4 g, 55
mmol) followed by encugh acetic acid to adjust to pH 3 (ca. 7 mL). This solution was heated
t 65 °C; at 1 h and 3 b, more sodium cyanoborohydride was added (ca. 2 g each timo). After
a reaction time of 4 h, the reaction was then cooled to room temperature, diluted with water
and the methanol was removed under reduced pressure. The remaining material was diluted

LN LR Y l| Iy B |_~‘ =

Na;S0,. The mixture was filtered and concentrated to give N'{1-benzofuran-2-yl-ethyl)-
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hydmzinecarboxylic acid rerr-butyl ester as a white solid (3.1 g, 11 mmol, 100 %). This

sipoline-3-carbonyl}-hydrazinecarboxylic acid fers-buty]
To a stirred siurry of 7-chloro-4-oxo-2-(pyrrolidinylearbonyl)hydroquinoline-3-
carboxylic acid (1.77 g, 5.51 mmol) in THF (30 mL) was added 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (4.67 g, 11.0 mmol). To this canary
yellow mixture was added a salution of 2 (1.5 g, 5.51 mmol) and N N-dimethyl-
aminopyridine (100 mg, §27 mmol) in THF (25 mL). The resultant mixture was refluxed
under N, for 3 b, then cooled and filtered. The filtrate was concentrated and filtered through a
small column of silica gel (10% MeOH/CH,CL,) to afford A"~(1-benzofuran-3-yi-ethyl)-N"-{7-
chloro-4-oxo-2-{pymrolidine-1-carbortyl)-1,4-dilyydro-quinoline-3-carbonyl}-
hydmzinecarboxylic acid 7ert-butyl ester as a pale yellow solid; this material was in the
following reaction without further purification. MS m/z 579.2 (M+1)

To a 0 °C salution of N'-(1-benzofuran-3-yl-ethyl)-N"-[7-chloro-4-0x0-2-(pyrrolidine-
1-carbonyi)-1,4-dihydro-quinoline-3-carbanyl]-hydrazinecarboxylic acid rerr-butyl ester (1.0
g 1.74 mmol) in MeOH (20 mL) was added dropwise a room tempemsture solution of
methanesulfonic acid (3.4 mL, 52.3 mmol) in MeOH (10 mL). This mixture was allowed to

. 'Wwarm to room tempaerature and stirred for 24 h, at which time water (ca. 100 mL) was added

and the precipitate collected. This solid was sonicated (S0 mL of 10% MeOH/Et,0) for 20

. min and the solid collected. This sonication step was repeated, and ultimately a ten solid was

collected. This material was dried at 30 °C at 500 mTorr for 1.5 h to afford pure 7-chloro-10-

mwmwlm»umwm[mhmmm (260

mg, 630 mmol, 36 %). 'HNMR (300 MHz, DMSO-d,): d 12.56 (s, 1H); 11.93 (s, LH); 8.16

(d,J= 8.7 Hz, 1H); 8.02 (d, J= 1.8 Hz, 1H); 7.60 (dd, J= 1.5, 5.7 Hz, 1H); 7.50 (d,J= 7.5

Hz, 1H); 7.4 (4, J=7.2 Hz, 1H); 725 (m, 2H); 6.88 (s, 1H); 641 (q, J="7.2 Hz, 1H); 1.71

(d,J =69 Hz, 3H). ' -
Calc'd. for CyH,.CIN,002H,0: C, 61.31; H, 3.53; N, 10.21. Found: C, 61.14,

61.19; H, 3.54, 3.53; N, 1025,10.25. .— - - = v« ou - -
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Test A: "Hl-glycine binding st the N-inethyl-D-aspartate recepto;

This test measures the ability of ligands to inkibit the binding of PH]-glycine to the
N-methyl-D-aspartate receptor. In the "H}-glycine binding assay, neuronal synaptic

dissected cortices and hippocampi are homogenised in 0.32 M sucrose (110 mg/mf).
Synaptosomes are isolated by centrifugation (1000 xg, 10 min), the supematant is pelleted
(20,000 xg, 20 min) and resuspended in double-distilled water. The suspension was
centrifuged for 20 minutes at 8,000 xg. The resulting supernatant and buffy coat are washed
twice (48,000 xg, 10 mins, resuspension in double-deionized water). The final pellet is
quickly frozen (dry ice/ethanol bath) under double-deionized water and stored at -70 °C.

On the day of the experiment, thawed synaptic membranes arc homogenized with a
Brinkmann Polytron (tm, Brinkmann Instruments, Westbury, N.Y.) tissue homogenirer in 50
millimolar tris(hydroxymethyl)aminomethane citrate, pH 7.1. The membranes are incubated
with 0.04% Sufiact-AMPS X100 (tm, Pierce, Rockford, IL) in buffer for 20 mimites at 37 °C
and washed six times by centrifugation (48,000 xg, 10 min) and resuspended in buffer. ‘The
final pellet is homogenized at 200 mg wet weight/ml of the buffer for the hinding assay.

For {"H]-glycine binding at the N-methyl-D-aspartate receptor, 20 nanomolar
PH]}-glycine (40-60 Ci/mmol, New England Nuclear, Boston, MA) is incubated with the
membranes suspended in 50 millimolar tris (hydroxymethylJaminomethane citrate, pH 7.1 for
30 minutes at 4 °C. Glycine, 1 millimolar, is used to define the non-specific binding. Bound
{*H]-glycine is isolated from the free form using a Brendel (Biomedical Ressarch and
Development Laboratories, Gaithersburg, MD) cell harvester for vacunm filiration over glass
fibre filters (Whatman GF/B from Brandel, Gaithersburg, MD) pre-soaked in 0.025%
polyethylenimine. The samples retained on the glass fibre filters are rinsed 3 times with a
total of 2.5 ml ice cold buffer. Radioactivity is estimated by liquid scintillation comting. ICy,
values are obtained from a least-squares regression of a logit-log transformation of the data.
Typical IC, values for compounds of the invention are usually less than S0 uM (micromolar).
The examples disclosed herein are glycine antagonists.

The NMDA-evoked behavier test is-a-functional-assay-performed-with-rats-to-—— --——- -
deteymine antagonism of the NMDA receptar in vivo. This test measures the ability of

» L J
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various unknown compounds to inhibit aversive behaviors evoked by the injection of NMDA
into the spinal cord.

Male rats weighting 90-150 gm are used in this study. Animals are pretreated with glycine
antagonists (by either intrathecal, systemic or oral routes) at various times before the
intrathecal injection (0.25 - 10 nmol/rat) of NMDA which elicits aversive behaviors. NMDA
is injected into the spinal cord by free hand intrathecal injection. The aversive behaviors
typically observed immediately following the intrathecal NMDA injection include: biting at
the injection site, biting responss lasting longer than 90 seconds, rigid tail weave, scratching
behavior, vocalization, abnormal motor activity, back arching behavior, circling behavior,
flipping or rolling behavior, stretching bebavior, kicking and jumping behaviors. The
manifestation of each behavior is scored and the maximum possible score is 13 behaviors. In
a standard assay used for compound screening, 2.5 nanomolar NMDA is injected inteathecally
into animals and the average aversive behavioral score observed is typically 10 out of 13. All
data for a specific compound of interest are calculated as percentsge inhibition compared with
a vehicle group. The statistical analysis of vehicle and compound-treated groups is the t-test.
Compounds are considered active based on their ability to inhibit the NMDA-evoked behavior
and their potency by the route of interest.

The Focmalin test asseases the inhibitary effects of orally administered glycine
antagonists on formalin-induced nocifensive behaviors in ts. The formalin test is a well -
cstablished pain test (Dubuisson end Dennis, 1977; Wheelar-Aceto e/ al., 1990; Coderre ef al.,
1993). This test consiats of two distinctive phases of formalin-indoced behaviors. The first
phase response, occurring between 0 to 5 minntes, is caused by acute nociception to the
noxious chemical (formalin) injected into the paw. There is s quicscent period between 50
15 min post injection. A secand phase response, occurring afler 15 minutes and lasting up to
60 minutes, is caused by sensitization of the central neurons in the dorsal hom. Centrsl
sensitization augments the noxious afferent input and a stronger pain barrage is transmitted
into the brain. Inhibition of the second phase response indicates s spinal mechanism of drug
action.

The procedure for the formalin test is as follows: male rats are placed in a plexigiass

chamber and observed for 30-45 min. to observe their-basaline activity. - Multiplo groups of - - .-—-.. = .= ...

animals are pretreated with either vehicle or different doges of a test compound. Animals are



10

15

20

25

30

e L, e b oottt oy ot Rbinind. o
. :'ﬁ

KFM.1999004

dosed 3 hours prior to injection of formalin into a hind paw (under the dorsal skin) with
0.05ml of sterile 1% formalin. The number of paw flinches and licks during first phase (0-5
min.) and second phase (20-35 min.) arc scored and recorded. Flinch and lick responses are
calculated as percentage of inhibition compared with the mean score of a saline control group.
Student t-tests are used for statistical analysis to determine the significance of drug effects.

. Compounds are considered active based on their ability to inhibit both flinch and Lick

responses.

TestD: suropathic pain model (Chronic Constriction Inj

The Chronic Constriction Injury (“CCI") test assesses neuropathic pain associated
with nerve injuries that can arise directly from trauma and compression, or indirectly from a
wide range of diseases such as infection, cancer, metabolic conditions, toxins, nutritional
deficiencies, immunological dyafunction, and musculoskeletal changes. A unilateral
peripheral neuropatlry is produced in rats by the nerve ligation in the chronic constriction
injury (CCI) model (Bennett and Xie, 1988).

Sprague-Dawley rats (250-350 g) are anesthetized with sodium pentobarbital and the

* common sciatic nerve is exposed at the level of the mid thigh by blunt dissection through the

biceps femoris. A section of nerve (about 7 mm), proximal to the sciatic trifacation, is freed
of tissue and ligated 4 times with chromic gut suture. The suture is tied with about 1 mm
spacing between ligatures. The incision is closed in layers and the animals are allowed to
recover. Thermal hyperalgesia is measured using the paw-withdrawul test (Hargreaves et al,
1988). Animals are habituated on an elevated glass floor. A radiant hest source is aimed st
the mid-plantar hindpaw (sciatic nerve territory) through the glass floor. The Imtencies for the
withdrawal reflex in both paws are recorded. A 20 second cart-off is nsed to prevent
latencies compared to the uninjured or sham operated paws. Response to test compounds are
evﬂmdbyﬁmeﬁoﬂowingordldmhiﬁlﬁmbdﬁnuﬁmometmddmﬁmddmg_
effect. Dose response studies are canducted with multiple groups of CCI rats dosed orelly
with either vehicle or the test compound for 5 days. Paw withdmawal Iatencies are measured
each day prior to the first daily dose. Data snalysis is performed by muitiple means
comparison (Dunnetit’s test) and compound potencies are expressed by their minimom
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Tablc 2 shows the results from Tests A, B, C and D for certain compounds of the

invention. In teble 1, results from test A are given as the nanomolar (“nM™) concentration of

compound that provided a 50% inhibition of [*H]-glycine binding; results from test B are
given as concentration mg/Kg administered intrathecally that gave an inhibition (%) of

NMDA-cvoked behaviors in the test; results from test C are given as concentration mg/Kg
administered orally that gave an inhibition (%) of formalin-induced nocifensive bebaviors in

the test, and results from test D are given as concentration mg/Kg administered orally that

gave an inhibition (%) of heat-induced responses in the test. ' Where no data is provided the

test was not performed.
Table2:
Ex. No. TestA | TestBmg/Kg| TestC | TestD
ICy ®M) (%) mg/Kg (%) | mg/Kg (%)
1 399 0.004 (81)
2 108.4 0.004 (56) 200 (55)
3 0.005 (50) 190 (59) 2(8316)
4 0.004 (100) 200 (33)
5 95.8
6 37.7 0.014 (22)
7 42.7 0.013 (63)
10 679
i1 625
12
13 59 0.013 (63)
14 165
15 146
16 36.6
17 759
18 106
19 166
20 LX)
21 248
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22 574 0.014 (39)
23 158
24 205
25 37.3
26 279
27 319
28 0.005 (52) 200(48) Active®
29 99.7 0.005 (58) 200 (74) | 30(59x15)
30 146.3 0.005 (44) 200 (56)
31 1150 0.014 (41)
32 5960
33 793
34 30 (64 £ 21)
35 70.8 0.1 (78) 200(59) | 30(124z5) |
36 248
37 449
33 30.5 0.011 (33)
39 146
40 652
41 127 0.011 (74)
42 8
43 272 0.015 (54)
44 282 0.005 (48) 200(83) | 3 (5610)
45 249 0.014 (35)
46 1940 0.06 (41)
47 635

* compound showed measurable activity.
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CLAIMS
1. A method for treatment of pain comprising, administering to an individual in need
therof an effective amount of any compound in accord with structural diagram I,

O O

";00

I .r“‘lh"kf’
or pharmaceutically-aceptable salts of such compounds,
optical isomers of such compounds, wherein-: l"‘

R'ﬂdmuwdmdﬁmwmmdﬁm
ring-A has four R! groups;

' R is sclected from (CH,),L, and C(R?),(CH,),L wherein n is an integer sclegted from
the range 0 to 6 and R® at each occurrence is independently selected from hydrogen, halogen,

" Cyalkyl and C, ;eycloalkyl;

L is pheny! substitated with one, two, three or four groups selected from: OR® where
R’ is selected from hydrogen and pyridyl-methyl, N(R*), where R* at each occurrence is
independently selected from hydrogen and C,_alkyl, halogea, carboxyl, C, qalkyl, 0-C,alkyl,
C,alkenyl, C, ;alkynyl, a heteroeryl group selected from furanyl, coazolyl, oxadizzolyl,
thiadiazole, tetrazolyl, morpholiny] and benzimidazolyl, morpholino-N-carbonyl, the group
oqommmmn’ummuwymmm C,.alkyl

and phenyl; or

L is heteroaryl selected from pyridyl, isooxazolyl, oxadiaznlyl, thiophestyl,

" benzo[bJthiopheny), bemmfuramy] and pymazinyl; whers any said heteroary] is substituted with

one, two or three groups selected from: hydroxy, C, alkyl, hydroxyC, alkyl and
methoxyphenyl; or

L is tetrahydrofuranyl; and

R* in selected from OH or OC(O)N(R"), wherein R? at cach occurrence is
independently selected from hydrogen or C, alkyl
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2. A method according to Claim 1, wherein in ssid compound in accord with structural
diagram I:

R! and ring-A in combination are 7-halophenyl and L is selected fram substituted or
unsubstituted phenyl, pyridy], isooxazolyl, oxadiazolyl, thiophenyl, benzo[b]thiophenyl,
benzofuranyl and pyrezinyl groups, where, when substituted, said groups are substituted with
one, two or three moieties independently selected at each occurrence from halo, hydroxy, oxo,
carbonyl, carbonylamino,C, _alkyl and hydroxyC, ,alkyl.

3. A method according to Claim 2, wherein in said compound in
diagram I: <y
R' and ring-A in combination are 7-chlorophenyL -.un-':.._.:-::“"

4, A method according to Claim 1, wherein in said compound in accord with structural

i diagyam I:

R is (CH,),L, wherein n is en integer selected from the mnge O to 6, and L. is phenry}
substituted with one, two, three or four groups sclected from: OR? where R? is selected from
hydrogen and pyridyl-methyl, N(R*), where R* at each occurrence is independently selected

- from hydrogen and C, ,alkyl, halogen, carboxyl, C, alkyl, O-C,alkyl, C, ,alkenyl, C,

«lkynyl, s hetzroaryt group selected from furanyl, oxazolyl, oxadiazolyl, thiadiszole,
tetrazolyl, morpholinyl and benzimidazolyl, morpholino-N-carbonyl, the group OC(O)N(RY),
where R’ at each occurrence is independently solected fram hydrogen, C, ,alkyl and phenyl,
and R¢ is hydroxy.

5 A method according-to Cleim 1, wherein in said compound in accord with structural
diagram I:
R is (CH,),L, wherein n is an integer selected from the range 0 to 6, and L is heteroaryl
selected from pyridyl, isooxazolyl, oxadiazolyl, thiophenyl, benzo[b}thiophenyl, benzoforanyl
and pyrazinyl; where any said heteroaryl is substituted with one, two or three groups selected
from: hydroxy, C, ;alkyl, hydroxyC, ;alkyl and methoxyphenyl and R® is hydroxy. -

6. A method according.to.Claim 1, wherein in said compound in accord with.strocthoeal ... ...
diagram I:

-71-
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R is (CH,),L, wherein n is an integer selected from the range 0 to 6, L. is
tetrahydrofuranyl and R® is hydroxy.

7. A method according to Claim 1, wherein in szid compound in accord with structural
diegram I:

R is C(R?),(CH,),L wherein n is an integer selected from the range 0 to 6 and R? at
each occurrence is independently selected from hydrogen, halogen, C, ,alkyl and C,
&ycloalkyl.

8. A method according to Claim 1, wherein in said compound is selected
7-chlm4-hyd:oxy-2-(2.4,6—uimﬂhylphmyl)—l,2,5.lﬂ-t:t”£‘ i

blquinoline-1,10-dione; 14

7 MchloM-hydmxyM-mmwwm.s.n&'" -
tetrahydropyridazino[4,5-b]jquinoline-1,10-dione;

7-chloro-4-hydroxy-2-(2-chloro-4-methyl phenyl)-1,2,5,10-tetrahydropyridazino[4,5-
b]quinoline-1,10-dione;

methryl 4-[(7-chloro-4-hydroxy-1,10-diox0-2,5-dihydropyridazinof4,5-b)quinolin-2-
yDmethylJbenzoate;

7-chloro-4-hrydroxy-2-(4-{1,3 4Joxadiazol-2-yl-benzyl)- 1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione (7)

7-chloro-4-hydroxy-2-{4-(morpholine-4-carbonyl)-benzyi}-1,2,5,10-
tetrahydropyridazino[4,5-b)quinoline-1,10-dione (7)

7-chloro-4-hydroxy-2-[3-(1b-tetrazo}-5-yI)-benzyl}-1,2,5, 10-tetrahydropyridezino[4,5-
blquinoline-1,10-dione (7)

4-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dibydro-1 -pyridazino[4,5-bjquinolin-2-
yimethyl)-r-furan-2-yimethyl-benzamide;

preperation of 7-chloro-4-hydroxy-2-(4-dimethylaminobenzyl)-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione methanesulfonate (4);

7-chloro-4-hydroxy-2-(benzimidazol-S-ylmethyl)-1,2,5,10-tetrabydropyridazino[4,5-
blquinoline-1,10-dione methanesulfonate;

7-chloro-4-hydroxy-2-{4-hydroxy-3-methyl-benzyl)-1,2,5,10-. . . .
tetrahydropyridazino[4,5-bjquinoline-1,10-dione (2)

-T2~
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‘7-chloro-4-hydroxy-2-3-methyl-4-(pyridin-2-ylmethoxy)-benzyl)-1,2,5,10-
tetrahydropyridazino[4,5-blquinoline-1,10-dione (2)

dimethyl-carbamic acid 4-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-bjquinolin-2-yimethyl)-2-methyl-phenyl ester (7) (method a)

dimethy}-carbamic acid 4-(7-chloro-4-hydroxy-1,10-dicxo-5,10-dihydro-1h-
pyridazino(4,5-bjquinolin-2-ylmethyl)-2-methyl-phenyl ester (7) (method b)

dimethyl-carbamic acid 3-7-chloro-4-hydroxy-1,10-diaxo-S,10-dihydro-14-
pyridezino[4,5-bjquinolin-2-ylmethyl)-phenyl ester; o™

methyi-phenyl-carbamic acid m—dﬂomA-hydmxy-l,lO-diﬂlﬁdm-l
pyridazino{4,5-bjquinolin-2-ylmethyl)-phenyl ester; L

diethyl-carbamic acid W-chlmwdlnxy-l.lo-dimm-s,lo-dﬂ:yqo-:lj- e
pyridazino(4,5-blquinolin-2-ylmethyl)-phenyl ester;

diethyl-carbamic acid 3-(7-chloro-4-hydroxy-1,10-dioxo-5, 10-diydro-14-
pyridezino[4,5-b]quinolin-2-ylmethyl)-phenyl ester;

morpholine-4-carboxylic acid 3-(7-chloro-4-hydroxy-1,10-diaxo-5,10-dihydro-14-
pyridezino[4,5-b]quinolin-2-ylmethyl)-phenyl ester;

methyl-phenyl-carbamic arid 3-(7-chloro-4-hydroxy-1,10-dicxo-5,10-dikydro-1h-
pyridazino{4,5-b]quinolin-2-ylmethyl)-phenyl ester;

diphenyl-carbamic acid 3-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-b]quinolin-2-yimethy])-phenyl ester;

pymrolidine-1-carboxylic acid 3-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-b]quinolin-2-ylmethyl)-phenyl ester;

morpholine-4-carboxylic acid 4-(7-chloro-4-hydroxy-1,10-dioxo-5, 10-ditydro-h-
pyridazino[4,5-b]quinolin-2-ylmethyl)-2-methyl-phenyl ester;

methyl-pheayl-carbamic acid 4-(7-chloro-4-hydroxy-1,10-diaxo-5,10-dihydro-1h-
pyridazino[4,5-b]quinolin-2-ylmethyl)-2-methyl-phenyl ester;

dimethyl-carbamic acid 5-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dilydro-1h-
pyridazino[4,5-b]quinolin-2-ylmethyl)-2-methoxy-phenyl ester;

dicthyl-carbamic acid 5-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-b]quinalin-2-ylmethyl)-2-methoxy-phenyl ester;

morpholine-4-carboxylic acid 5~(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-

pyridazino[4,5-b]quinolin-2-ylmethyl)-2-methoxy-phenyl ester;

T3
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7-chloro-4-hydroxy-2-(4-pyridylmethyl)-1,2,5, 1 0-tetrahydropyridazino[4,5-
bjquinoline-1,10-dione methancsulfonate;
7-chloro-4-hydroxy-2-(3-pyridylmethyl)-1,2,5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione methanesulfonate;
7-chloro-4-hydroxy-2-(2-pyridylmethyl)-1,2,5, 1 0-tetrahydropyridazino[4,5-
bjquinoline-1,10-dione methanesulfonate;
7-chloro-4-hydroxy-2-{3-hydroxy-5(hydroxymethyl)-2-methyl(4-pyridyl)jmethyl-
1,2,5,10-tetrahydropyridazino[4,5-b]quinoline-1,10-dione methanesulfonate;
dimethyl-carbamic acid 7-chloro-1,10-dioxo-2-pyridin-4-yimethy:-1,2,5,10-

tetrahydro-pyridazino{4,5-blquinolin-4-yl ester (2)

7 - idylethyl)-1,2,5,10- i blquingli

. ~chloro-4-hydroxy-2-(4-pyridylethyl)-1,2,5 W& 4,5-blq Nt~
1,10-dione; " " e

7-dﬂm+hydmy-2-(py.ﬁmz-ylmuhylyus.lo-mﬁvmﬁ_;ay.s!
4]quinoline-1,10-dione methanesulfonate (5)
7-chloro-4-hydroxy-2-(foran-2-ylmethyl)-1,2,5,10-tetrabydropyridazino[4,5-
b]quinoline-1,10-dione;
7-chloro-4-hydroxy-2-[2,5-dimethy] (3-furanyl)jmethyl-1,2,5,10-
tetrahydropyridazino[4,5-5)quinoline-1,10-dione (4)
7-chloro-4-hydroxy-2-(tetrahydro-furan-2-ylmethyl)-1,2,5,10-
tetrahrydropyridazino[4,5-bjquinoline-1,10-dione;
7-chloro-4-hydroxy-2-(5-isoxazolino)methyl-1,2,5,10-tetrshydropyridazino[4,5-
Ylquinoline-1,10-dione (3)
7-chloro-4-hydroxy-2-{5-(4-methoxy-phenyl)-{1,3,4Joxadizzn}-2-ylmethyl}-1,2.5,10-
tetrahydropyridazino|4,5-blquinoline-1,10-dione (6)
2-(benzo[b]thiophen-2-yimethyf)-7-chloro-4-hydroxy-2,5-dihydropyridazino[4,S-
b]quinoline-1,10-dione; '
7-chloro-10-hydraxy-2-[(3-methyl(2-thienyl)ymsthyl]-2,3-dilydropyridazino[4,5-
bjquinoline-1,4-dione;
7-chloro-4-hydroxy-2-[4-(carbomethoxy)phenyl-2-ethyl)-1,2,5,10- -
tatrahydropyridazino[4,5-b]quinoline-1,10-dione;
(+/-)-7-chloro-4-hydrocy=2-(3-pyridyleth-1-y0)-1,2,5,10-tetrahydnopyridazinof4,5-. .. . ..
blquinoline-1,10-dione methanesulfonate;

—-74 -~
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(+/-)-7-chloro-4-hydroxy-2-(2-pyridylethyl)-1,2,5,10-tetrahydropyridazino[4,5-
b]quinoline-1,10-dione methanesulfonate;

(+/-)-7-chloro-4-hydroxy-2-(4-pyridylethyl)-1,2,5,10-tetrahydropyridazino[4,5-
b]quinoline-1,10-dione methanesulfonate;

(+/-)-7-chloro-4-hydroxy-2-(4-pyridylpropyl)-1,2,5,10-tetrahydropyridazino[4, -
b]quinoline-1,10-dions sodium methanesulfonate; and

7-chloro-4-hydroxy-2-(2-benzofiranyl)methyl-1,2,5,10-tetrahydropyridazino[4,S-
blquinoline-1,10-dione. -~ 200

o

9. A phamacentical composition having as an active ingredient a comape#¥R accord
with structura] diagram I

or pharmaceutically-acoptable salts of such compounds, tautomers of such compounds ar
optical isomers of such compounds, wherein:

R! at each occurrence is independently selected from hydrogen, halo and NO,, and
ring-A has four R groups;

R is selected from (CH,),L, and C(R%),(CH,),L wherein n is an integer selected from
the range 0 to 6 and R? at each occurrence is independently selected fram hydrogen, halogen,
C;.alkyl nd C, ceycloalkyl; ‘

-L is pheny] substituted with one, two, three or four groups selected from: OR* where
R’ is selected from hydrogen and pyridyl-methyl, N(R*), where R* at each occumence is
independently selected from kydrogen and C, alkyl, halogen, carbaxyl, C, alkyl, O-C, alkyl,
Cyalkenyl, C, alkynyl, a heteroaryl group selected from furanyl, oxszolyl, cxadiszolyl,
thiadiazole, tetrazolyl, morpholinyl and benzimidazolyl, morpholino-N-carbonyl, the group
OC(O)N(R?), where R at sach occurrence is independently selected from hydrogen, C, alkyl
and phenyl; or

~75—
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L is heteroaryl selected from pyridyl, isooxszolyl, cxadiazolyl, thiopbeayl,
benzo[bjthiophenyl, benzofurany] and pyrazinyl; where any said heteroaryl is substituted with
ons, two or three groups selected from: hydroxy, C, alkyl, hydroxyC, ,alkyl and
methoxyphenyl; or ﬂa
L is tetrahydrofuranyl; and o5
R'nsulemdﬁomOHorOC(O)N(R’),whnmR'atuchM
independently selected from hydrogen or C, alkyl, and
1A
a pharmaceutically-acceptable excipient or diluent. ot ‘::‘--

=76~
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ABSTRACT

A method for treatment of pain comprising administering an effective amount of a
compound in accord with structural diegram I,

0O O

R! | '-"R
N ~N
I!I I

or pharmaceutically-aceptable salts, tautomers or optical isomers of such compounds,
wherein: R! is selected from hydrogen, halo end other groups as disclosed in the specification,
R is selected fram (CH,).L, and C(R?),(CH,).L wherein n is an integer selected from the range
0 to 6 and R? is selected from hydrogen, halogen, C, alkyl and C, ;eycloalkyl and L is
substitted or unsubstituted phenyl, heteroaryl or other groups as disclosed in the specification
whichm, when substituted, are substituted with one, two, three or four groups sclected froma -
variety of substituents as disclsoed in the specification.

- T -
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3.  Unmeétodo para tratar ¢l dolor, que comprende. la administracién de una cantidad
cfectiva pam aliviar ¢l dolor del compuesto acorde con la Reivindicacién 1.

4. Una composicién farmacéutica que comprende un compucsto acorde con la
Reivindicaciébn 1 como ingrediente activo junto con uno o varios aditivos
farmaceuticamente aceptables.

5.  Unmétodo parn tratar el dolor, que comprende. la administracion de una cantidad
efectiva para aliviar el dolor del compuesto acorde con la Reivindicacién 2.

6. Una composicién farmacéutica que comprende un compuesto acorde con la
Reivindicacién 2 como ingrediente activo junto con uno o varios aditivos
farmaceuticamente aceptables.
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METH THE F PAIN
EIELD OF THE INVENTION

This invention relates to the treatment or prevention of pain or nociception.
RELATED ART

Pain is a sensory experience distinct from sensations of touch, pressure, heat and cold.
It is often described by sufferers by such terms as bright, dull, aching, pricking, cutting or
burning and is generally considered to include bath the original sensation and the reaction to
that sensation. This range of sensations, as well as the variation in perception of pain by
different individuals, renders a precise defmition of pain difficuit, however, many individuals
suffer with severe and continzous pain.

Pain that is cansed by damage to nearal structures is often manifest as a neural
supersensitivity or hyperalgesia and is termed “neuropathic” pain. Pain can also be "cansed”
by the stimulation of nociceptive receptors and transmitted over intact neurs] pethways, such
pain is termed “nociceptive” pain.

The level of stimulation at which pain becomes noted is refesred to as the “pain
threshold.” Analgesics are pharmaceutical agents which relieve pain by ruising the pain
threshold without a loas of consciousness. After administration of an analgesic drog a
stimulus of greater intensity or longer duration is required before pain is expeticnced. In an
individual suffering from hyperalgesia mn analgesic drug may have an enti-hyperalgesic effect.
In contrast to analgesics, agents such as local anaesthetics block transmission in peripheral
nerve fibers thareby blocking awareness of pain. Gencral anaesthetics, on the other hand,
reduce the awareness of pain by prodncing a loas of conscionsness,

Tachykinin antagonists have been reported to induce antinociception in animals, which
is believed to be analogous to analgesia in man (Maggi ct al, J. Auton. Pharmacol. (1993) 13,
23-93). In particular, non-poptide NK-1 receptor antagonists have been shown to produce sach
analgesia. For example, the NK-1 receptor antagonist RP 67,580 produced analgesia with
potency comparable to that of morphine (Garret et al, Prot. Natl. Acad. Sci. USA (1993) 88,
10208-10212).

The opioid ansligesics are a well-established class of analgesic agents with morphine- -
like actions. Synthetic and semi-synthetic opioid analgesics are derivatives of five chemical
classes of compound: phenanthrenes; phenylheptylamines; phenylpiperidines; morphinang; ---..-.....-
and benzomorphans. Pharmacologically these compounds have diverse activities, thus some
are strong agonists at the opioid receptors (e.g. morphine); others are moderate to mild
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agonists (e.g. codeine); still others exhibit mixed agonist-antagonist activity (¢.g. nafbuphine);
and yet others are partial agonista (e.g. nalorphine). 'Whilst an opioid partial agonist such as
nalorphine, (the N-alkyl analogue of morphine) will antagonize the analgesic effects of
morphine, when given alone it can be a potent analgesic in its own right.

Of all of the opioid analgesics, morphine remains the most wicely used, but, in
addition to its therapeutic properties, it has a number of drawbacks including respiratory
depression, decreased gastrointestinal motility (resulting in constipatian), nauses and
vomiting. Tolerance and physical dependence also limit the clinical uses of opioid
compounda,

Aspirin and other salicylate compounds are frequently used in treatment to interrupt
amplification of the inflanunatory process in rheumatoid discsses and arthritis and temporarily
relieve the pain. Other drug compounds used for these purposes include phenylpropionic acid
derivatives such as Ibaprofen and Naproxen, Sulindac, phemyl butazone, corticosteroids,
antimalarials such as chloroquine and hydroxychlaroquine sulfate, and fenemates (J. Hosp.
Pharm., 36:622 (May 1979)). These compounds, however, are ineffective for nsuropathic
pain.

Available therapies for pain also have drawbacks. Some therapentic agents require
prolonged use before an effect is experienced by the patient. Other existing drugs have
serious side effects in certain patients, and subjects must be carcfully monitored to ensure that
any side effects are not unduly threatening. Most existing drugs provids anly temporary relief
from pain and must be taken consisteutly on a daily or weekly basis. With disease progression
the amount of medication necded to alleviate the pain often increases, thug increasing the
poteatial for adverse sido effects.

NMDA receptors are defined by the binding of N-methyl-D-aspartate (NMDA)
compriss a receptonion channel complax with several different identified binding domains.
NMDA itself is a molecule structurally similer to glutamate (Glu) which binds at the
glutamate binding suite and is highly selective and potent in activeting the NMDA receptor
(Watkins (1987); Olncy (1989)).

Many compounds are known that bind at the NMDA/GIu binding site (for example
CPP, DCPP-enc, CGP 40116, CGP 37849, CGS 19755, NPC 12626, NPC 17742, D-APS, D-
AP7, CGP 39551, COP-43487, MDL-100452, LY-274614, LY-233536, and LY233053). _

- 11 BRNas mwmes sl Y gm s mndn oy ab Lo =

Other compounds, referred to as non-competitive NMDA antagonfsts, bind at other sites in the
NMDA receptor complex (examples are pheacyclidine, dizocilpine, ketammine, tiletamine,
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CNS 1102, dextromethorphan, memanting, kynurenic acid, CNQX, DNQX, 6,7-DCQX, 6,7~
DCHQC, R(+)-HA-966, 7-chlaro-kynurenic acid, 5,7-DCKA, 5-iodo-7-chloro-kynurenic acid,
MDL-28,469, MDL-100,748, MDL.-29,951, L-689,560, L-687,414, ACPC, ACPCM, ACPCE,
arcaine, dicthylenetriamine, 1,10-diaminodecane, 1.12-diaminododecane, ifenprodil, and SL-
82.0715). These compounds have been extensively reviewed by Rogawski (1992) and
Massieu et. al., (1993), and articles cited therein.

In addition to its physiological function, glutamate {Glu) can be neurotoxic. Glu
neurotoxicity is referred to as "excitotoxicity® because the neurotoxic action of Glu, like its
beneficial actions, is mediated by an excitatory process (Olney (1990); Choi (1992)).
Narmally, when Glu is released at a synaptic receptor, it binds only transiently and is then
rapidly removed from the receptor by a process that transports it back into the cell. Under
certain abnormal conditions, including stroke, epilepsy and CNS traumas, Glu optake fails and
Giu accurnulates at the receptor resulting in a persistent excitation of electrochemical activity
that leads to the death of neurons that have Glu receptors. Many neurons in the CNS have Glu
receplors, 80 excitotoxicity can cause fm enormous amount of CNS damage.

Acute excitotoxicity injury can occur as a result of ischemic events, hypoxic events,
trauma to the brain aor spinal cord, certain types of food poisoning which involve an
can resnlt from persistent epileptic seizure activity (status cpilegticus). A large body of
evidence has implicated the NMDA receptor as one receptor subtype through which Giu

. mediaies a substantial amount of CNS injury, and it is well established that NMDA

antagonists are effective in protecting CNS neurons against excitotoxic degeneration in these
ecute CNS injury syndromes (Choi (1988); Olney (1990)).
In addition to nearonal damage canged by acute inmlts, excessive activation of Gln
receptors may also contribute to more gradual neurodegensrative processes leading to cell
death in verious chronic neurodegenerative diseases, including Alzheimer’s disease,
smyotrophic lateral sclerosis, AIDS dementia, Parkinson's discase and Hintington's disease
(Olney (1990)). It is genera]ly considered that NMDA antagonisis may prove useful in the
therapeutic management of such chronic diseases. -
In the 1980's it was discovered that PCP (also known as “angel dust™) acts at a "PCP
recognition site” within the jon channel of the NMDA Glu receptor. PCPactsagsanon~ .. ... .
competitive antagonist that blocks the flow of ions through the NMDA ion channcl. More
recently it has become evident that drugs which act at the PCP site as non-competitive NMDA
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antagonists are likely to have psychotomimetic side effects. Further, it is now recognized that
certain competitive and non-competitive NMDA antagonists can cause similar
pathomarphological effects in rat brain (Olney et. al., (1991); Hargreaves et. al., (1993)).
Such compounds also have psychotomimetic cffects in humans (Kristensen et. al.,, (1992);
Herrling (1994); Grotta (1994)).

The glycine binding site of the NMDA receptor complex is distinguishable from the
Glu and PCP binding sites. Also, it has recently been discovered that NMDA receptars occur
as several subtypes which are characterized by differential properties of the glycine binding
site of the receptor. Many compounds that bind at the NMDA receptor glycine site, useful for
the treatment of stroke and neurodegenerative conditions, have been described in U.S. Patents
5,604,227, 5,733,910; 5,599,814; 5,593,133; 5,744,471, 5,837,705 and 6,103,721.
SUMMARY OF THE INVENTION

It has now been discovered that a certain compound which exhibits the propesty of
binding to the NMDA receptor glycine site has a utility for the amelioration of pain and
particularly for the amelioration of neuropathic pain.

Therefore, in one aspect, the invention provides a campound, 7-chloro-4-hydroxy-2-
(2-chloro-4-methylphenyl)-1,2,5,10-tetrahydropyridazino[4,5-bJquinoline-1,10-dione,
according to structural diagram I;

H
3
Z N C
a NT NP
OH

L
In another aspect, the invention provides 2 method for the treatment of pain using a
compound in accord with stroctural diagram I, the method comprising administering a pain-
ameliorating effective amount of the compoond.
In another embodiment, the method comprises administration of a pain-ameliorating
effective amount of the compound according to structoral diagram I in the form of a
pharmaceutical composition comprising a compound according to structural disgram I as an

active ingredient-together with one-or more pharmacentically-acceptable additives: - -~
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In a further embodiment, the method comprises binding the compound of the invention
to the NMDA receptor glycine site of a warm-blooded animal, such as a human being, 30 as to
benefictally inhibit the activity of the NMDA receptor,

Another aspect of the invention iz a method far making the compound in accard with
structural diagram L

Yet other aspects of the invention are pharmaceutical compositions which contxin the
compound in accord with structural diagram 1 and the use of the compound in accord with
structural diagram I for the preparation of medicaments and pharmaceutical compositions.
DETAILED DESCRIPTION OF THE INVENTION

The invention provides a corapound, 7-chlaro-4-hydroxy-2-(2-chloro-4-
methylphenyl)-1.2.5,10-tetrahydropyridazino[4,5-b]quinoline-1,10-dione, pharmacentically-
acceptable salts thereof, methods of making the compound and its salts, pharmaceatical
compositions containing the compound or salts thereof and mathods for nsing the compound,
the salts and the pharmaceutical compositions.

Suitable pharmaceutically-acceptable salts of compounds of the invention include acid
addition salts such as methanesulphonate, fumarate, hydrochlcride, hydrobromide, citrate,
tris(hydroxymethyl)aminomethans, maleate and salts formed with phosphoric and sulphuric
acid, In other embodiments, suitable salts are base salts such as an alkali metal salts for
example sodinm, alkaline earth metal salts for example calcium or magnesinm, organic amine
salts for example triethylamine, morpholine, N-methylpiperidine, N-ethylpiperidine, procaine,
dibenzylamins, choline, N,N-dibenzylethylamine or amino acids such as lysine.

To use the compound of the inveation or a phanmaceutically-acceptable sajt theyeof for
the therapeutic treatment, which may include prophylactic treatment, of pain in mammals,
which may be humans, the compound can be fermulated in aceordance with standard
pharmaceutical practice as a pharmaceutical carsposition.

Suitable pharmaceutical compositions that contain a compound of the invention may
be administered in conventional ways, for example by oral, topical, parenteral, boceal, nasal,
vaginal or rectal administration or by inhalation. For these purposes a compound of the
inveation may be formulated by mesns kaown in the art into the form of, for example, tablets, -
capsules, aqueous or oily solutions, suspensions, emulsions, creams, ointments, gels, nasal
sprays, suppositaries, finely divided powders or acrosols for inhalation, and for parenteial uss——. -~ —. .
(including intravenous, intramuscular or infosion) sterile aqueous or oily solutions or
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suspensions or sterile emulsions. A preferred route of administration is orally by tablet or
cepsule.

In addition to a compound of the present invention a pharmacentical composition of
this invention may also contain one or more other pharmacologically-active agents, oc such
pharmaceutical compogition nnyl;esinnﬂtmeonﬂymnqmnﬁally co-administered with one
or maore other pharmacologically-active agents.

Pharmaceutical compositions of this invention will normally be administered so thata
pain-ameliorating effective daily dose is received by the subject. The daily dose may be given
in divided doses as necessary, the precise amount of the compound received and the route of
administration depending on the weight, aps and sex of the patieat being treated and on the
particular disease condition being troated according to principles knowa in the art. A
preferred dosage regime is once daily.

A further embodiment of the invention provides a pharmaceutical composition which
contains a compound of the invention as defined herein or a pharmaceutically-acceptable salt
thereof, in association with a pharmaceutically-acceptable additive such as an excipient or
carrier.

A yet further erabodiment of the invention provide the use of the compound of the
invention, or a pharmaceutically-acceptable salt thereof, in the manufactore of a medicament
useful for binding to the NMDA receptor glycine site in a warm-blooded animal such as a
human being.

Still another embodiment of the invention provides a method of binding the compound
of the invention to the NMDA receptor glycine site of a warm-blooded animal, such as a
humsn being, in need of treatment for pain, which method camprizes administering to said
animal an effective amount of & compound of structural diagam I or a pharmaceutically-
acceptable salt thereof,

Deginitions;

Genenlly in the methods, processes and examples described herein:

concentrations were carried out by rotary evaporation in vecuo;

operations were carried out at ambient temperature, that is in the range 18-26 °C and =
under a nitrogen atmosphere;

column chromatography (by the flash procedurc) was perfarmed on Merck Kieselgel .
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yields are given for illustration only and are not necessarily the maximum attainable;

the structure of the end-producis of the formuia I were genenally confirmed by NMR
and mass spectral techniques, proton magnetic resonance gpectra were determinad in
DMSO-dg unless otherwise stated using a Varian Gemini 2000 spectrometer operating at &
field strength of 300 MHz; chemical shifts are reported in parts per million downfield from
tetramethylsilane as an internal standard (3 scale) and peak multiplicities are ghown thna: &,
singlet; bs, broad singlet; d, doublet; AB or dd, doublet of doublets; ¢, triplet, dt, double of
triplets, m, multiplet; bm, broad multiplet; fest-atom bombardment (FAB) mass spectral data
were cbtained using a Platform spectrometer (supplied by Micromass) nun in electrospray and,
where appropriat, either positive ion data ar negative ion daza were collected, in this
application, (MAH)* is quoted;

intermediates were not generally fully characterized and purity was in general assessed
mass spectral (MS) or NMR analysis. .

The following sbbreviations and definitions when used, have the meanings, as follows:

CDCly ias deuterated chloroform;

CMC is 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide

.100178

metho-p-toluencsulfonste;
DCM is dichloromethane;
DCU is dicyclohexyl urca;
DHC is 1,3-dicyclohexylcarbodiimide;
DMAP is 4-(dimethylamino)pyridine;
DMF is N,N-dimethylformamide;
DMSO is dimethylsulphoxide; . -
m/s is masg spectroscopy;
NMP is N-methylpyrnrolidinone;
NMR is nuclear magnetic resonance;
p.0. is peros,
THF is tetrabydrofuran, and
ti.d. is three times daily. -

The exsmples and tests described herein are intended to illustrate but not limit the
invention, R
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The compound of the invention, 7-chloro-4-hydroxy-2-(2-chloro-4-methylphenyl)-
1,2,5,10-tetrahydropyridazino[4,5-b)quinoline-1,10-dione, may be prepared by the following
procedure: '

A suspension of 2-chloro-4-methy! aniline (10.1 mL, 11.63 g, 82.1 mmal) in 64 mL
water and 60 mL 12 N HC] was cooled to -5 °C (intemal temperature) and stirred with a
mechanical stirrer. A solution of sodium nitrite (8.26 g, 119.7 mmol) in 56 mL water was
added over 30 minutes. The solation became more clear but same eolid remained. The
mixture was stirred at -5 °C for 20 minutes and then cooled to ~10 *C. A solution of tin(1l)
chlorids dihydrate (53.60-g, 237.6 mmol) in 36 mL 12 N HCl was added dropwise over 30
minutes while maintaining an jnternal temperature of -5 1o -10 °C. The resulting pinkish-
brown mixture was stirred at -5 to -10 °C for 2 hours and then filieved cold through a pre-
chilled fritted glass fimnel. The collected solids were washed with cold 1% ethanol in ether
(100 mL.) followed by cald ether (500 mL) and air dried for 30 minutes. After drying in
vacuo, the desired product was obtained as a very pale yellow crystalline solid (7.76 g, 49%).
'HMSGMWI&CDG;)SI0.0BMZE),?.BQ(I.lH).?.ZS(d.lH.J.':l.ZH:).?.lJ

mmol) in 95 mL saturated aqueous NaHCO3 was stirred for 10 minutes and then treated with

solid KzCO; (945 g, 68.37 mmol). The resulting fine light yellow suspension was stimred for

10 minutes. A solution of di-s-butyldicarbonate (12.97 g, 46.12 mmel) in 195 ml. THF was

added over S minutes and the resulting biphasic mixtare was vigorously stimred for 3 hours.

The reaction mixture was partitionsd and the aquecns lxyer was extracted with ether (5 x 25

mL). The combined organic layers were washod with distilled water (2 x 75 mL), dried over

MgSO,, and concentratsd under reduced pressure. Drying in vacuo afforded a light arange oil

(14.07 g). The material was purified by flash chromatography on silica gel using 10:90 o
ether:hexanes as the eluant. The product was obtained as a light yellow oil which solidified

upon standing: (9.92 £,96%)- -'H NMR (300 MHz,CDCh) § 8.88 (a-1-HD); 7:15 (53 H); 70—~ - —- - -
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(d, 1 H, Jo=1.2 Hz), 6.97 (d, 1 H, J,=8.1 Hz ), 6.64 (d. 1 H, J,=8.1 Hz), 2.18 (5, 3 H), L41 (s,
9 H); MS (CT) m/ 279/281.
Dimeth zhloro-4-hydroxyquingline-2 3-dicarboxviste:
A stirred mixwre of methyl 2-amino-4-chlorobenzoate (2.50 g, 13.5 mmol) and
5 dimethyl acetylenedicarboxylate (2.05 g, 14.4 mmol) in ters-butanol (22 mi) was refluxed for
7 hours under a nitrogen atmosphere. After adding additional dimethyl
acetylenedicarboxylate (1.16 g, 8.13 mmal) and refluxing another 2.5 hours, the reaction
mixture was allowed to cool to room temperature and potassium tert-butoxide (1.56 g, 13.9
mmol) was added in one partion. A precipitate formed and the resulting mixture was refluxed
10 for 1.5 hours. The mixture was cooles to room temperature and filtered to scparats the solids,
which were washed with zerr-atanol and ether. The solids wezre dissolved in water snd
acidified with 1 N sulfuric acid to form a precipitate. The resulting mixture was extracted
with methylene chloride and the combined exrracts were washed with brine and walter, dried
over MgSO,, filtered and concentrated to give 2 green solid. Recrystallization of this material
15  from methanol provided the title compound (1.15 g, 47%) as an off-white solid, mp 232-233
°C; MS (CI):296 (M+H). Analyzis for C;3HcCINOs: Cale’d: C, 52.81; H, 3.41; N, 4.74; -
Found: C, 52.75; H, 3.47; N, 4.69.
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stirred suspension
20 (1.0 g, 3.38 mmol) in water (20 mL) was added an aquecus solution of sodium hydroxide
(0.27 g. 6.75 mmol). Upon addition, the suspension digsolved. The reaction mixture was
warmed to 60 °C for 1 hour. After this time the reaction was cooled to room temperature and
. acidified with concentruted hydrochloric acid. The product was then extracted into diethyl
cther and ethyl acetate. The organic extracts were dried over MgSO,, filtered and
25 concentrated in wacuo to provide the title compound as a solid (900 mg). This material was
purified by recrystalization employing an cthyl acetate/hexane co-solvent system to provide
the title compound (571 mg, 60%) as a white solid mp 296 °C (dec); MS (CI) = 238 (M+H).
Analysiz for Ci2HaNOsCl . 0.45 CHyCO:CH;CH, . 0.10 H;O: Cale’d: C, 51.30; H, 3.68; N
4.34, Found: C, 51.28; H, 3.62; N 3.97 'H NMR 8.22 (d, J = 8.7 Hz, 1H), 7.92(d, J = 1.8 Hs, o
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To a suspension of 3-carbomethoxy-7-chloro-4-hydroxyquinoline-2-carboxylic acid
(2.25 g. 8.0 mmol) in THF (20 mL) at ambient temperature undex a N; atmosphere was added
dicyclohexylcarbodiimide (1.65 g, 8.0 mmol) and pyrrolidine (0.596 g, 8.4 mmol). The reaction
was stirred room temperature for lShmnfm-whichﬁmeﬂwby-promeumvedvin
filtration. The desired product was purified via flash column chromatography employing 5%
methanol in chloroform to provide the title compound (2.52 g, 94.3%) es a tan solid, mp = 215
°C; MS (CD: 335 (M+H). 300 MHz 'H NMR (DMSO-dq): 8.12(d, J =8.7 Hz, 1H), 7.60 (d,
1H, ] = 1.8 Hz), 7.47 (dd, 1H, ] = 8.8, 2.0 Hz), 3.69 (s, 3H), 3.40-3.49 (m, 2H), 3.27-333 (m,
2H), 1.80-1.96 (m, 4H).

To a suspension of 3-urbomad1my-2—pynohdmocnl:nude—7—chho—4—hyd:uy
quinoline (2.52g, 7.5 mmol) in do-ionized water (40 mL) was added dropwise a solution (20
mL) of an equeous potassium hydroxide (882 mg, 15.75 mmal). Upon complete addition, the
reaction was warmed to 60 °C, After 3 hours, the reaction was filtered to remove a small
amount of insoluble material. The filtrata was then acidified to pH = 1 which yield a white
precipitate. The solid was isolated by vacunm filtration, washed with water, and dried at 30 °C
in vacuo for 16 howrs. This provided the titie compound (1.5 g, 64%) as a white solid, mp =
225-8 °C; MS (CD): 321 (M+H). 300 MEz '"H NMR (DMSO-dg): 8.28 (d, J =8.8 Hz, 1H), 7.77
(s, 1H), 764 (4, 1H,J = 87).3.52-357(m.2ﬂ) 3.173. 19(m.2[-l),l.83—198 (m, 4H).

Touumduapannm of1-chluo+oxo-2-(pynohdmylwbmyl)hyqumnohne-3-
carbaxylic acid (14.57 g, 45.43 mmol) in anhydrous THF (300 mL) undexr nitrogen was added
1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-iolnenesnlfonate (CMC, 34.89 g,
8237 mmol). The white suspension immediately became bright yellow. The: (tert-butoxy)-N-
{(2-chloro-4-methyl phenyl)Jamino)carboxamide (13.49 g, 54.10 mmol) was added as a solid
followed by 50 mL anhydrous THF. The bright yellow reaction mixtnre was sticred st room
temperature for 22 hours. A second portion of CMC (16.77 g, 39.59 mmol) was added to the
resction mixture. After 2.5 hours at room temperature, the reaction was heated ar 60 *C for
3.5 hours. After cooling to room temnperature, the reaction mixture was filtered and the

collected solids-were washed-with-THF: -The-filtrate and washes were concentrated-and-dried— - +om- e oo -

in vacuo to afford a light yellow foam. The material was dissolved in methylene chloride (400
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mL), washed with distilled water (2 x 150 mL), and extracted with 109% NaHCO; (2x 500 .
mL). The organic layer was dried over Na;SO,, concentrated and dried in vacuo to afford a
light tan foamn. The material was purified by flash chromatography on silica gel using a
gradient of 95:5 to 85:15 chloroform:methanol as eluant to afford 15.42 g (61%) of the
desired product as a white solid. *H NMR (300 MHz, DMSO, dg) § 13.03 (bs, 1 H), 9.19 (bs,
1H), 825(d, 1 H, J=8.7 Hz), 7.68 (d, 1 H, Jo=1.8 Hz), 7.54 (dd, 1 H, J,=8.7 Hz, /=18
Hz), 7.50 (d, 1 H, Jo=1.8 Hz), 745 (d, 1 H, J=7.8 H2), 6.81 (d, 1 H, J;=7.8 Hz), 347 (m, 4
H), 2.34 (3, 3 H), 1.90 (m, 4 H), 1.40 (s, 9 H); MS (-CT} m/z 559/561.

To a stirred suspension of N-[(szrt-butoxy)carbonylamino][7-chloro-4-0x0-2-
(pyrolidinyicarbonyl)(3-hydroquinalyl)]-N-(2-chloro-4-methyl pheyl)carboxamide (21.16 g,
37.82 mmol) in 900 mL anhydrous THF under nitrogen was slowly added methsnesulfonic
acid (120.0 mL, 184.9 mmol). The resulting dark yellow solution was stinred at room
tcxperature far 18 hours. The salution was poured into 7 L water, stitred 3 hours, and filtered
to afford a light yeflow solid. The solid was sonicated in methanol, isclated by Sltration, and
dried in vacuo (30 mm) at 40 °C to afford the product as 2 white solid (12.93 g, 88 %). 'H
NMR (300 MHz, DMSO, dg) § 12.90 (bs, 1 H), 12.10 (bs, 1 H), 8.16 (d, 1 H, J.=8.7 Hz), 8.07
(4,1 K, J,=1.8 Hz), 7.47 (44, 1 H, J=8.7 Hz, J,=1.8 Hz), 747 (4, 1 H, J.=12 Hx), 742 (4,1
H, J=8.1 Hz), 7.29 (dd, 1 H, J=8.1 Hz, Jo=1.2 Hz), 2.38 (s, 3 H); MS (CI) m/z 388/390/392.
Calc'd. for CygH;:ClalN305: C, 55.69; H, 2.86; N, 10.82. Found C, 55.78; H, 2.89; N, 10.79.

A suspension of 7-chloro4-hydroxy-2-(2-chlaro-4-methyl phenyl)-1.2,5,10-
tetrahydropyridazine(4,5-5]quinoline-1,10-dione (753 mg, 1.94 mmol) in methanol (50 mL)
was treated with choline kydroxide (S50 mY. of a 45% solution in methanol, 1.9¢ mmol).
Most of the solids dissolved immediately and the mixture was sonicsted for 10 min to

dissolve the rest. The solution was filtered through & 0.2 micron nylon syringe filter. The -

solution was reduced by rotary evapaoration to 1.01 g (>100%) yellow solid. The solid was re-
crystallized from refluxing ethanol (25.mL), and the solution was.allowed to crystallize slowly. .......
and without agitation. After about 2 h, the crystals were collected by vacuum filtration. The
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yellow solid was air dried to give (696 mg, 73 %) of the title compound, which was re-
crystallized from refluxing ethanol (20 mL). Solids were allowed to form over 16 h, and were
gently scraped from the flask and collected by vacuum filtration and washed with ethanol (2 x
3 mL) to afford 500 mg of the title compound, which upon drying at 100 mTorr at 30 °C for
three days provided 480 mg of the title compound (50%). mp 239.5-240.5 °C (decomp.); 'H
NMR (300 MHz, DMSO-dy) 5 8.12-8.09 (2H, m); 7.34-7.17 (4H, m); 3.86-3.80 (ZH, m); 339
(2H, 1, J = 5.25 Hz); 3.09 (5H, 5): 2.35 (3H, 1); Calc’d. far C;sH;elNsO3Clye1.0 CsHy 4 NO#0.6
H;0: C, 55.01; H, 5.06; N, 11.16; Found, C, 55.04, 54.75; H, 4.86, 4.86; N, 11.05, 11.07.
BIOLOGICAL FUNCTION TESTS

Test A: Inhibition of binding of PHIMDL105.519:

Rat Brain Membmanes: The rat brain membranes used in the experiments were
obtained from Analytical Biological Services Inc., and were prepared substantially in
accordance with the method of B.M. Baron &1 al., J. Pharmacol. Exp. Ther. 250, 162 (1989).
- Briefly, fresh brain tissue including cerebral cortex and hippocampus from male Sprague
Dawley rats was homogenized in (.32 M sucrose and centrifuged at low speed to separute
cellular membranes from other cellular components. The membranes were then washed 3
times using deionized water, followed by treatment with 0.04% Triton X-100. Finally,
membranes were washed six times in 50 mM Tris citrate buffer, pH 7.4, and frozen at -80 *C
until use.

(HIMDL105,519 (72 Ci/mmol) was purchesed from Amersham. Cold MDL105,519
was purchased from Sigma/RBL. Binding assays were pexformed substantially in accordance
with the protocol of BM. Baron et al, J. Pharmacol. Exp. Ther. 279, 62 (1996), as follows.
On the day of the experiment, brain membranes were thawed at room temperature and
suspended in 50 mM tris ecetate buffer, pH 7.4 ("TAB”). Seventy-five micro grams per
milliliter protein (by wsing the BioRad dye) were used for competition binding. The
experiments were carried out using 96-well plates. Membranes were incubated with 20 L of
compounds of various concentrations and 1.2 nM [*HJMDL 105,519 for 30 minutes at room
temperature in a totsl volume of 250 ul.. Non specific binding was determined by using 100
MM of uniabeled MDL105,519. The uniabeled MDL105,519 and compounds wers dissotved
as 12.5 mM stock solutions in DMSO. Final DMSO concentration in each well was kept

below 1%, which concentration was found not to alter the hinding results;’ Aftes Tacobition; * ™ -

unbound PHJMDL105,519 was removed by filtration onto GF/B Unifilter plates using a

= B st Al ot
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Packard harvester. Filters were washed four times with ice cold TAB (total of 1.2 mL buffer).
The plates were dried overnight at room temperature and bound radioactivity was meansred
on a Packard TopCount after the addition of 45 UL per well of the MICROSCINT O. Potency
of a compound is expressed as the Ki and results were calculaled using Microsoft Excel
spreadsheet and GraphPad Prizm software.

Humap Brain Membrapes: Human brain membranes were obtained from Analytical
Biological Services Inc., and assays were performed as described for rat membranes
Test B: Formalin tegt;

The Rormalin test assesses the inhibitory effects of orally administered compounds on
formalin-induced nociceptive behaviors in rats (D. Dubuisson, et al, Pain 4, 161-174 (1977);
H. Wheeler-Aceto ez al, Psychopharmacology 104, 35-44 (1991); TJ. Codenre, ef al, Pain
54, 43-50 (1993)). In the test two distinctive phases of formalin-induced behsviors are
detected. A first phase response, caused by acute nociception to the noxious chemical
(formalin) injected into the paw. occurs between 0 to 5 minutss. A quiescent period of
between 5 to 15 min post injection follows. After the quiescent period a second phase
response, caused by sensitization of the central neurons in the dorsal hom, occurs after 15
minutes and lasts up to 60 minutes. Ceatral sensitization angments a noxious affexent input
causing & stronger pain barmge to be transmitted to the brain. Inhibition of the second phass
response indicates a spinal mechanism of drug action.

‘The procedure for the formalin test is as follows: male rats ere placed in a plexigiass
chamber end observed for 30-45 min. to cbserve their baseline activity. Multiple groups of
animals are pretreated with either vehicle or different doses of a test compound. Animals are

dosed 3 hours prior to injection of formalin into a hind paw (under the dorsal skin) with 0.05 .

mL of sterile 1% formalin. The number of paw flinches (responses) during first phase (0-5 -
min') and second phase (20-35 mix.) are scored and recorded. Flinch response is calcalated as
percentage of inhibition compared with the mean score of a saline control gronp. The EDsgy is
the dose of compound which produces 50% iphibition of nociceptive response.

-
- lml LSRRI LY R Ll RO 1R 1in ALy = LI el O L L

{number of responses in vehicle group)
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Student's t-test was used for statistical analysis to determine the significance of
compound effects. Compounds are considered active based on their ability to inhibit flinch

nerve injuries that can arise directly from trauma and compression, or indirectly from a wide
range of diseases such as infection, cancer, metabolic conditions, toxins, nutritional
deficiencies, immumological dysfunction, and musculoskeletal changes. In the model a
unilateral peripheral hyperalgesia is produced in rats by nerve ligation (GJ. Bennett, ef al.,
Pain 33, 87-107 (1988)).

Procedurally, Sprague-Dawley rats (250-350 g) are anesthetized with sodium
pentobarbital and the common scistic nerve is exposed at the lovel of the mid thigh by blunt
dissection through the biceps femoris. A section of nerve (about 7 mm), proximal to the
sciatic trifucation, is freed of tissue and ligated at four positions with chromic got suture. The
suture is tied with about 1 mm spacing between ligatures. -The incision is closed in layers and
the animals are allowed to recuperate. Thermal hyperalgesia is measured using a paw-
withdrawal test (K. Hargreaves, et al., Pain 32, 77-88 (1988)). To perform the test, animals
are habituated on an elevated glass floor. A rediant heat source is aimed at the mid-plantar
hindpaw (aciatic nerve teritory) through the glass fioor with a 20 second cut-off used to
prevent injury to the gkin. The latencies for the withdrawal reflex in both hind paws are
recarded.

Injured paws with ligated nerves show shorter paw withdrawal latencies compared to -

the uninjured or shazn operated paws. Responae to test compounds are evaluated at differcat
times after oral administration to determine onset and duration of compound affect. Doss
response studies axe conducted with multiple groups of CCI rats dosed orally with cither
vehicle ar the test compound three times daily with either vehicles or the tast counpound for 5
days. Paw withdcawal latencies are measured each day 10 min before and 2 or 3 hr after the
first daily dose. Efficacy is calculated as mean percentage docrease of hypemlgesia over 5
dosing days compared to vehicle-treated group. Compound potencies aro exprossed as the
minimum effective dose (MED) in mg/Kg/day that yiclds a % decrease in hyperzigesia that is
statistically significant, where the anti-hypemlgesic effect is determined as follows:

% of anti-hyperalgesia = (Mesn of vehicle group - Mean of compound group) x 100

© s RRiR s atRnl iy
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(Mean of vehicle group)
Data enalysis was performed by multiple means comparison (Dunnett's test).
Table 1 shows the results from Tests A, B and C for the compound of the invention.

Tablel
Test: Result
A: Affinity for NMDA glycine site 56 oM (rat brain)
(Inhibition of *H-MDL-105519 binding) 50 nM (human brain)
B: Efficacy in formalin pain model EDg ~ 100 mg/Kg
C: CClI model of ncuropathic pain, heat 65% anti-hyperalgesia at
hyperalgesis. MED <2 mg/Kg/d

In the Formalin pain model the cffective dose the compound of the invention that
caused a 50% decrease in sensitivity to a painful stimalus was about 100 mg/Kg which dose
was comparable to the dose of gabapentin required to achieve a similar result. Jn the CCI
model of neuropathic pain, however, the minimal effective dose of the compound of the

10 invention was less than 2 mg/Kg/day to achieve 65% anti-hyperalgesia. In comparison, about
90 mg/Kg/day of gabapentin is required to achieve abont 46% anti-hyperalgesia.

When administered by intrathecal injection, the compound of the invention inhibited
the development of NMDA induced behavior/seizure with an EDgg of 110 nmol.

‘The compound of the invention was also tested for binding to a panel of ruore than 80

15 non-NMDA receptors. The compound showed no significant interaction with any tested
receptar other than the NMDA receptor.
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CLAIMS:

1. 7-Chloro-4-hydroxy-2-(2-chloro-4-methylphenyl)-1,2,5,10-<tetrahydropyridazinof4,5-
b)quinoline-1,10-dione or pharmaccutically-acceptable salts thereod.

2. The compound of Claim 1, wherein said pharmaceutically-acceptable salt is a choline
salt

3. A method for treating pain, said method comprising administration of a pain- 94
ameliorating effective amount of the compound according to Claim 1.

4, A pharmaceutical composition camprising a compound .
active ingredient together with one or more pharmaceutically-accer

-5. A method for treating pein, srid method comprising administration of a pain-

ameliorating effective amount of the compound according to Clsim 2.

6. A pharmaceutical composition comprising a compound according to Claim 2 as an
active ingredient together with one or more pharmaceutically-acceptable additives.
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A compound, 7-chloro-4-hydroxy-2-(2-chloro-4-methylphenyl)-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline~1,10-dione, pharmaceutically-acceptable salts thereof, a
method for treating pain comprising administration of a pain-smeliorating effective amount of
the comnpound and pharmaceutical compositions containing the compound are disclosed.
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TRADUCCION OFICIAL No. 417

LEGALIZACION DE UN DOCUMENTO PRESENTADO SIMULTANEAMENTE EN
INGLES Y ESPANOL. TRASPASO DE LA INVENCION DENOMINADA
COMPUESTO Y METODO PARA EL TRATAMIENTO DEL DOLOR A FAVOR DE
AstraZeneca AB.

INVENCION:

Firmado:

Firmado:

COMPUESTO Y METODO PARA EL TRATAMIENTO DEL

DOLOR

Dean Gordon Brown

Dean Gordon Brown
AstraZeneca

1800 Concord Pike

P.O. Box 15437

Wilmington, DE 19850-5437
USA

Megan Murphy

Megan Murphy
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 19850-5437
USA

Ciudadano americano

Ciudadano americano
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Firmado:

Fimado:

Rebecca Ann Urbanek
Rebecca Ann Urbanek
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 19850-5437
USA

Wenhua Xiao

Wenhua Xiao

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 19850-5437
USA

3

Ciudadana americana

Ciudadano chino

CERTIFICADO NOTARIAL (PERSONA NATURAL) SIMULTANEAMENTE EN

INGLES Y ESPANOL.

Fecha: Diciembre 06, 2000

Fimado: Frances L. Toutkaldjlan
Sello: FRANCES L. TOUTKALDJIAN

NOTARIO PUBLICO
ESTADO DE DELAWARE

Mi comision expira Octubre 28, 2002

CERTIFICADO NOTARIAL (PERSONA NATURAL) SIMULTANEAMENTE EN
INGLES Y ESPANOL.

Fecha:

Diciembre 08, 2000
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Firmado: Frances L. Toutkald)lan

Sello: FRANCES L. TOUTKALDJIAN
NOTARIO PUBLICO
ESTADO DE DELAWARE
Mi comision expira Octubre 28, 2002
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ESTADO DE DELAWARE
OFICINA DEL SECRETARIO DE ESTADO

YO, EDWARD J. FREEL, SECRETARIO DE ESTADO DEL ESTADO DE
DELAWARE, POR EL PRESENTE CERTIFICO QUE FRANCES L.
TOUTKALDJIAN, CUYA FIRMA AUTENTICA APARECE EN EL DOCUMENTO
ANTERIOR ERA EN EL MOMENTO DE HACERLO Y ES AHORA NOTARIO
PUBLICO DEL ESTADO DE DELAWARE EN Y PARA EL CONDADO DE NEW
CASTLE DEBIDAMENTE DESIGNADO, COMISIONADO Y CALIFICADOQ, Y QUE
DEBE DARSE PLENA FE Y CREDITO A TODOS SUS ACTOS OFICIALES
COMO TAL.

EN TESTIMONIO DE LO CUAL, HE FIRMADO EL PRESENTE DOCUMENTO Y
COLOCADO EL SELLO OFICIAL EN DOVER EL 19 DE DICIEMBRE, 2000, A
LAS 11:14 AM.

Firmado : Edward J. Freel, Secretario de Estado

Autenticacion : 0863807
Fecha: 12-19-00

Sello en papel dorado del Secretario de Estado del Estado de Delaware.
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CONSULADO DE COLOMBIA
WASHINGTON, D.C.

CERTIFICA la fima y funciones del sefior Edward J. Freel, como Secretario de
Estado de Delaware.
Fecha: Diciembre 29, 2000.

Firmado: Lizeth Martinez Pefia
Cénsul

Hay sello del Consulado de Colombia en Washington, D.C.

MINISTERIO DE RELACIONES EXTERIORES

CERTIFICA la firma y funciones de! funcionario consular LIZETH MARTINEZ, bajo
el nimero 214839, de Enero 30, 2001.

Firmado:  (Firma ilegible)
Jefe de Legalizaciones
Santafé de Bogota, D.C.
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C NSULAD DEC LOMBIA -
! WASHINGTON, D.C.
EL CONSULADO DE COLOMBIA EOMEE I
CERTIFICA: ) f

Que es auténtica la fi'ma de _ENWARD T FREEL l 1.3
quieneldia 19 OF DICTEMBRE DEL_2000

desempefiaba ias funciones de__SECRETARIO DE ESTADO DE DELAWARE
la cual aparece al ple de los documentos anexos relacionados con__CERTIFICADO -

DEC 29 2000

Deado en Washington, D.C. a los dias del mes de

del afio dos mil (2000)

Pagado impuselo de Timbre__7 =
Pagado Derecho Consuler___ 15
el
(E1 Consulacio no asume ninguna

responasbiidad por ol conlenido de los
docurnanios anexos)
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. " State of Delaware OO Og‘). 00
o PAGE 1

Office of the Secretary of State | L

I, EDRARD J. FREEL, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THAT FRANCES L. TOUTEALDJIAN, WHOSE
GENUINE SIGNATURE APPEARS ON THE ABOVE AND FOREGOING DOCUMENT
WAS AT THE TIME OF MAKING AND NOW IS A NOTARY PUBLIC FOR THE
STATE CF DELAWARE IN AND FOR NEW CASTLE COUNTY DULY APPOINTED, -
COMMISSIONED AND QUALIFIED, AND THAT FULL FAITH AND MITﬁ\
AND OUGHT TO BE, GIVEN TO ALL OF HIS OFFICIAL ACTS AS SUCH.

IN TESTIMONY WHEREOF, I HAVE HEREUNTO SET MY HAND AND
AFFIXED MY OFFICIAL SEAL OF OFFICE AT DOVER ON THE NINETEENTH
DAY OF DECEMBER, A.D. 2000, AT 11:14 A.M.

i

Edwanrd . Freel, Secretary of State
AUTHENTICATION: 0863807

"' 3'-:' i‘m

200087949 . '\ﬂ" o

DATE: 12-19-00

001635556 -



ASSIGNMENT . .- TRASPASO T &
The undersigned, sbajo firmado '
Please see enciasure! Por favor ver adjuntol

domiciled in domiciliado en

Please see enclosure! Por favor ver adjuntol

herehy state under oath to be the sole and true inventor declarmngbajo juramento ser  dnicay verda-
of ders inventoms de.

COMPOUND AND METHOD FOR THE TREATMENT QF PAIN
COMPUESTO Y METODO PARA EL TRATAMIENTO DEL DOLOR

We state as well that we assign, without reservations or Declaramos asimismo que cedemos Yy

limitation, in favor of transferimos sin reserva ni limitacidn, a favor de la
sociedad

Asi_rz:ihneca_ AB AatraZeneca AB

a corporation organized and existing under the laws of organizada y existents de conformidad con la leves de

Sweden . Suecia

domiciled in domiciliada en

S-151 85 Stdertiilje, Sweden 5-151 85 S3dertilje, Suecia

all rights inherent to said invention, and that the above Todos los derechos inherentes a dicha invencidn y que la
mentioned corporation hereby is enabled to apply, in its citada sociedad queda facultada para solicitar en su
name, for the corresponding patent in the Republic of nombre la patente correspondiente en la Repiblica de
Colombia. Colombia.
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CERTIFICADO NOTARIAL (INDIVIDUO) NOTARIAL CERTIFICATE (mmni_n.) .

Alos 6 dfas del mes deDicienbre On this (."4" day of bm
2000, comparecieyorpersonalmente ante mi, 2000 personally appeared before me, a Notary Public,

Notario Publico, DCML ém 6?0'“1‘"

Dean Gordon Browm

Megan Murphy mgwu
Rebecca Ann Urbanek

aquieneg doy fé de conocer y me consta que to me known and known 1o me to be the persons”

lag personss  descrita8  y firmantes described in and who executed the foregoing document,
del documento que precede, declarado ante mfque  and ‘{-h ar duly acknowledged to me that
olorga ¢l mismo para los fines y propésitos que -f-hﬁ{ executed the same for the uses and purposes
en él se expresan.

NOTARY PUBLIC (Notario Pdblico) (MJ‘ O/ W—)

M:Es TOUTKALDJIAN
FAN i ARY PUBLIC
STATE OF DELAWAFIE

| My Commission Explres Oct. 28,2002 |

CERTIFICADO NOTARIAL (INDIVIDUO) NOTARIAL CERTIFICATE (INDIVIDUAL)

Alos 8  dfasdelmesde Diciembre On this 9""‘ day of becemu.

2000, comparecid personaimente ante mi, 2000 personally appeared before ms, a Notary Public,
Notario Publico,

Venkua Xiso Wenhun Xiws

aquicn  doy fé de conocer y me conata que to me known and known to me to be the person

la persona  descrita  y firmante described in and who executed the foregoing document,
del documento que precede, declarado ante mf que  and ﬂi-l/ duly acknowledged to me that
otorga el mismo para los fines y propdsitos que ﬂju/uncumdthemforlheusenndpurposu

en €] se expresan. therein expressed. '
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Thomas Michael Bare
1057 Windy Knoll Road
West Chester
Pennsylvania 19382
USA

[Peroe S A

Dean Gordon Brown
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

e

Megan Murphy
AstraZeneca 6
1800 Concord Pike

P.O. Box 15437

Wilmington DE 19850-5437
USA

[Rubeecg

Rebecca Ann Urbanek
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437

I 2

Wenhua Xiao

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

An American citizen

An American citizen

An American citizen

An American citizen

A Chinese citizen

leﬁ
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TRADUCCION OFICIAL No. 418

LEGALIZACION DE UN DOCUMENTO PRESENTADO SIMULTANEAMENTE EN
INGLES Y ESPANOL. TRASPASO DE LA INVENCION DENOMINADA
COMPUESTO Y METODO PARA EL TRATAMIENTO DEL DOLOR A FAVOR DE
AstraZeneca AB.

INVENCION: COMPUESTO Y METODO PARA EL TRATAMIENTO DEL
DOLOR

Firmado: Thomas Michael Bare
Thomas Michael Bare
West Chester
Pennsylvania 19382 Ciudadano americano
US.A.

CERTIFICADO NOTARIAL (PERSONA NATURAL) SIMULTANEAMENTE EN
INGLES Y ESPANOL.

Fecha: Diciembre 20, 2000
Firmado: Frances L. Toutkaldjian
Sello: FRANCES L. TOUTKALDJIAN
NOTARIO PUBLICO
ESTADO DE DELAWARE

Mi comision expira Octubre 28, 2002
Sello en altorrelieve del Notario Publico de Delaware, Frances L. Toutkaldjian
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ESTADO DE DELAWARE
OFICINA DEL SECRETARIO DE ESTADO

YO, EDWARD J. FREEL, SECRETARIO DE ESTADO DEL ESTADO DE
DELAWARE, POR EL PRESENTE CERTIFICO QUE FRANCES L.
TOUTKALDJIAN, CUYA FIRMA AUTENTICA APARECE EN EL DOCUMENTO
ANTERIOR ERA EN EL. MOMENTO DE HACERLO Y ES AHORA NOTARIO
PUBLICO DEL ESTADO DE DELAWARE EN Y PARA EL CONDADO DE NEW
CASTLE DEBIDAMENTE DESIGNADO, COMISIONADO Y CALIFICADO, Y QUE
DEBE DARSE PLENA FE Y CREDITO A TODOS SUS ACTOS OFICIALES
COMO TAL.

EN TESTIMONIO DE LO CUAL, HE FIRMADO EL PRESENTE DOCUMENTO Y
COLOCADO EL SELLO OFICIAL EN DOVER EL 28 DE DICIEMBRE, 2000, A
LAS 6:02 P.M.

Fimado : Edward J. Freel, Secretario de Estado

Autenticacion : 0886825
Fecha: 12-29-00

Selio en papel dorado del Secretario de Estado del Estado de Delaware.

BATIA SALARGALD UT OvEEY
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RES. iPRsTBNLS 238



CONSULADO DE COLOMBIA
WASHINGTON, D.C.

No. 0030

CERTIFICA la firma y funciones del sefior Edward J. Freel, como Secretario de
Estado de Delaware. '

Fecha: Enero 05, 2001.
Firmado:  Jaqueline Espitia Arias
Viceconsul

Hay sello del Consulado de Colombia en Washington, D.C.

MINISTERIO DE RELACIONES EXTERIORES

CERTIFICA la firma y funciones del funcionario consular Jaqueline Espltia, bajo
el nimero 214840, de Enero 30, 2001.

Firmado: (Firma ilegible)
Jefe de Legalizaciones
Santafé de Bogota, D.C.
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No. 0030

Que o8 auténtica la firma de

NSULADO DE COL MBIA
WASHINGTON, D.C.

EL CONSULADO DE COLOMBIA
CERTIFICA:

EDWARD J. FREEL

qulen el dfa 29 DE DICIEMBRE DEL 2000

desempefiaba las funciones de

la cua! aparece al pie de los documentos anaxos relacionados con CERTIFICADO.

Dado en Washington, D.C. a los

a—
—

mmanga
Pagado Derecho Conmuter ":__
Toal ="

del afio dos mil uno (2001)
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‘ ! State of,Deloware QO-077.(
Office of the Secretary of State _, .

I, EDRARD J. FREEL, SECRETARY OF STATE OF THE STATE OF

DELARARE, DO HEREBY CERTIFY THAT FRANCES L. TOUTKALDJIAN, WHOSE

GENUINE SIGNATURE APPEARS ON THE ABCVE AND FOREGOING DOCUMENT

WAS AT THE TIME OF MAKING AND NOW IS A NOTARY PUBLIC TOR THE

STATE OF DELARARE IN AND FOR NEW CASTLE COUNTY DULY APPOINTED,

COMMISSIONED AND QUALIFIED, AND THAT FULL FAITH AND CREDIT ARE,
“ AND OUGHT TO0 BE, GIVEN TO ALL OF HIS OFFICIAL ACTS AS SUCE:

IN TESTIMONY WHEREOF, I BAVE HEREUNTO SET MY HAND AND

AFFIXED MY OFFICIAL SEAL OF OFFICE AT DOVER ON THE TWENTY-NINTH
DAY OF DECEMBER, A.D. 2000, AT 6:09 P.M.
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Edward |. Freel, Secretary of State
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ASSIGNMENT, ;
The undersigned,

Please see enclasure!

domiciled in
Please see enclosure!

hereby slate under oath to be the sole and true inventor
of-

|oot1 B

TRASPATO )?k?o

abajo firmado )

[ ]
Por favor ver -adjunto!

domiciliado en
Por favor ver adjuntol!

decleamoabajo juramento ser  dnicqgy verda-
dere invenioms de.

COMPOUND AND METHOD FOR THE TREATMENT OF PAIN

We state as well that we assign, without reservations or

limitation, in favor of

COMPUESTO Y METODO PARA EL TRATAMTENTO DEL DOLOR
Declaramps asimismo que cedemos Yy

transfer{mog 8in reserva ni limitacién, a favor de la
sociedad

AstraZeneca AB AstraZeneca AB -

a corporation organized and existing under the laws of
Sweden

domiciled in

5-151 85 Sodertlilje, Sweden

all rights inherent to said invention, and that the above
mentioned corporation hereby is enabled to apply, in its
name, for the corresponding patent in the Republic of
Colombia.

organizada y existente de conformidad con la leves de
Suecia
domiciliada en

8-151 85 S88dertdlje, Suecia

Todos los derechos inherenies a dicha invencidn y que la
citada sociedad queda facultada pama solicitar en su
nombre la patente correspondicnte en la Repiiblica de
Colombia. :
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CERTIFICADO NOTARIAL (INDIVIDU )

Aloa 20

2000, comparecis
Noterio Publico,
THOMAR MICHAEL BARE

dfas del mes de Diciembre
personalmente ante mi,

aquien  doy fé de conocer y me consta que

la persona  descrita y firmante

del documento que precede, declarado ante mf que

atorga ¢l mismo para los fines y propdsitos que
en él se expresan.

NOTARY PUBLIC (Notario Piblico)

CERTIFICADO NOTARIAL (INDIVIDUO)

Alos dfas del mes de

2000, compareci  personalmente ante mi,
Notario Publico,

doy fé de conocer y me consta que
descrita

a quien

la  persona y firmante

del documento que precede, declarado ante mf que

otorga ¢l mismo para los fines y propésilos que

en €] se expresan.

-

. P 1 .

= ., -

NOTARIAL CERTIFICATE (INDIVIDUAL)

Onthis ) deyol Decembea

2000 personally appeared before me, a Notary Public,

THomas Michadd Bare

to me known and known to me 1o be the person

described in and who executed the foregoing document,

and h C duly acknowledged to me that
h(, exccuted the same for the uses and purposes

therein expreaged.

kH'I;OAlIlI'_nl‘C_ALDJ IAN
NOT. i
STATE NF DELAWARE

NOTARIAL CERTIFICATE (INDIVIDUAL)

On this day of
2000 personally appeared before me, a Notary Public,

to me known and known to me to be the person

described in and who executed the foregoing document,

and duly acknowledged to me that
executed the same for the uses and purposes

therein expressed.



::i:ﬁ'onms Michae! Bare '

1057 Windy Knoll Road
West Chester
Pennsylvania 19382
USA

An American citizen

Dean Gordon Brown
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

An American citizen

Megan Murphy
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

An American citizen

Rebecca Ann Urbanek
AstraZeneca

1800 Concord Pike

P.O. Box 15437

Wilmington DE 19850-5437
USA

An American citizen

Wenhua Xiao

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

A Chinese citizen
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